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dulaglutide once-weekly injection
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LOTOPOXEG T0U ANGTOg Kal Twv xoAn@dpwy: XoAoAnBiaaan, xoAokuotiubda Awtapaxes tou petaBohwpiod kat g Bpéwnc: Apuddtwon Endvieg: > 1/10.000 éwg < 1/1.000, Awtapaxéc tou yaotpeviepod cuotipatog: Ofeia naykpeatiuda, kaBuatepnpévn
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13:00-13:30

13:30-16:30

16:30-17:30

17:30-18:30

18:30-19:45

19:45-21:00

21:00-21:30

Eyypageg
Néeg Texvoloyieg

NAinidia
nPoeapPos: MNwpyoq lwavvidng
oMIAHTHE: TevoBépa KoAoBou

MNuvaikeia Avanapaywyn
nPoEAPOs: BaaoiAikn Zupiou
omInHTHE: NekTapia =ATa

Avopikn Avanapaywyn
nPoeaPos: Eutuxia KoUkkou
oMIAHTHE: EuayyeAia MniAAa

AIGAeEN: «Movidiakn Bepaneia: napov kai HEANOV»
nPoeapPos: Anpuntpng MNManaxphnotou

& MepikAng Aouldaundvng

oMIAHTHE: KwvoTavTivog ZTpatdkng

MoAmoTiké Evéépaua
To «22 ka1 o1 NPOCPUYEG anod UYIEIVAG anOYPewG»
EIZHMHTHE: AvTwvng AIdKOG

Zapparo 19/02/2022 |\

09:00-10:00

10:00-11:30

11:30-12:30
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Maidiatpikn Evéokpivoloyia
nPoeAPos: KwvaoTavTivog ZTpatdkng
ominHTHE: Mapia Kapdvida - Xapwvn

Ynégpuon
nPoeapros: Mewpylog Maditng
OMIAHTHE: ewpyia NTAANn

lvoouAivo-eEapTwpevog Zaxapwdng AiaBnTng

nPoeaPos: ZadAAAa MouUuoAex
OMIAHTHE: Bdia Aapnadidpn
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12:30-13:30

13:30-14:30

14:30-16:00

16:00-17:00

17:00-18:00

18:00-19:00

19:00-20:00

20:00-21:00

Mn IvoouAivo-e&apTtwpevog Zaxapwdng Aiapntng
nPOEAPO:: O60WP0Gg ANeEavdpidng
oMIAHTHE: NIk6Aaog TevioAoupng

Ailatpopn
nPoeaPos: MixaAng Koutoihi€png
oMminHTHE: Dan Benardot

Opadeg Eknaideuong AiaBnTikou EAéyxou

Enivepidia
nPoEAPOs: Anpntpa BaaoiAeiadn
oMIAHTHE: KpuaTaAAévia ANeEavdpdakn

Néa @dpuakal l
npoeaPos: lwdavvng AvaoTtdciog Batahag
oMIAHTHE: EUa Kaoon

Néa @dpuaka ll
nroearPos: NikOAaog Kaloyepng
OMIAHTHE: Eppavouni ZouBatgoyAou

MetaBoAiopég Ootwv
nPoeAPos: Xpnotog Koouidng
OMIAHTHE: ABavdaciog AvaoTaoiAdKng

OupoeIdng
nPoeaPos: Fpnydpng Eugppaipiong
OMIAHTHE: TEWpPYI0G Znualdkng

Kupiakn 20/02/2022
09:00-11:30

11:30-14:00
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KAiviké ®@povTiotnpio @oirntwv |

KAiviké ®@povTiothpio @oirntwv

OMIAHTEZ - MPOEAPOI

KpuotaAAévia AAeEavdpdkn
EvdokpivoAoyog Akadnuaikog YnoTpo@og, latpikn ZxoAn, EKMA.

©e6dwpog ANeEavdpidng
Kalnyntng MaboAoyiag Evdokpivohoyiag Aieubuving Evdokpivoloyikou Tunuatog Maveniotnyiou Matpwv

ABavdoiog AvacTaoiAGKNG
EvdokpivoAdyoq EnipeAnTig Tou Evdokpivoloyikou Tunuarog tou 424 ZNE

Anpuntpa A. BaciAeiadn
EvdokpivoAoyog-AieubivTpia E.Z.Y., Tunua Evookpivoloyiag kar MetaBoAiopou, Aiapntoloyikd Kévrpo, Kévipo
Epngipoyvwpoouvng Znaviwv Evookpivikwv Noonudtwv, Noookopeio EuayyeAiopdg, Abnva

lwdavvng — Avaotdociog BardAag
EvdokpivoAoyog-AiaBnTtoAdyog AidakTwp laTtpikng £xoAng EOvikou kai Kanodiotpiakou MNavemoTtnpiou ABnvwv

MepikAng Aoucdapndavng
AIdaKTWp laTpikng ZxoAng Martpwv, NeppoAdyog , AieuBuvtig Movada Xpoviag Aipokddapong “Kuavoug Erau-
pog Matpwv’, Mpdedpog latpikng ETaipeiag Autikng EAAGSag & MeAonovvioou

Fpnyopng Euppaipidng
Consultant endocrinologist, Senior Researcher, PhD Department of Endocrinology/Medicinsk Endokrinologisk
Klinik PE. Copenhagen University Hospital Rigshospitalet Amager og Hvidovre Hospital

MNwpyog lwavvidng
EvdokpivoAdyog 1. AieuBuvtig Tou Tunua Evdokpivohoyiag - AiaBntoAoyikoU Kévtpou tou 'NA «O EYAITEAI-
2MOZ»

Nikog KaAoyepng
EvdokpivoAdyog

Mapia KapavrZa - Xapwvn
EvdokpivoAdyog Maidwv, Aicubivtpia, Khivikia Maidiatpikng — E@nBikng Evdokpivoioyiag, «MHTEPA»

Eua Kaoon
EvdokpivoAoyog, AvanAnpwtpia KadnynTtpia 1ng latpikAg £xoAAg Tou Maveniotnyiou AGnvwv

FevoBépa KoAoBou
KapdioAoyog, AieubuvTpia MpoAnnTtikng Kapdiohoyiag oto Metropolitan Hospital

Xpnotog Koopidng
OpBonedikog, Aidaktwp EKIMA

Eutuxia KoUkkou
EvdokpivoAdyog, AidakTtwp latpiking Tou EKIA, ZuvrtovioTtpia Aieuduvipia Tunpatog Evdokpivoloyiag, AilaBATtn
& MetapBoAiopou, Mepipepeiakou Mevikou Nocokopegiou- Maieutnpiou «EAeva BeviZéou»

MixaAng KoutoouAiepng
Evdokpivoloyog, Kabnyntig Meipapatikng @uacioloyiag, EBvikou KanodioTtpiakou Maveniotnyiou ABnvwv, MNpod-
€0pog Tou Idpupatog Kpatikwv YNoTpopiwv

Baia Aaunadidpn
MD, PhD EvdokpivoAéyog-INaboAdyog, AvanA. Kabnyntpia MaboAoyiag - Zakxapwdn AiaBnTn, EKMA
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Dan Benardot
PhD, RD, LD, FACSM, Professor of Practice, Center for the Study of Human Health, Emory University, Professor
Emeritus, Nutrition, Georgia State University

EuayyeAia MniA\a
EvdokpivoAdyog

Zaddala MouUoAex

EvdokpivoAdyog, AIddkTwp latpikng ZxoAng AN, EmoTtnpovikog Ynotpoeog A’ NMavenmiotnpiakng MNMponaideu-
TIKAG MaBoAoyikng KAivikig, M.IM.N. AXEMNA, ©scoalovikng. Evookpivoloyiko Tunpa kal AiaBntoloyikd Kévrpo
Euromedica Mevikn KAivikA, ©eccalovikng

lewpyia NTaAn
EvdokpivoAdyog EmpeAntpia A, EvookpivoAoyiko Tunpa, AilapntoAoyiko Kévipo, Kévipo Epngipoyvwpuooivng
Znaviwv Evéokpivoloyikwv Noonudtwv F'NA «O Euayyehiopog OpOaAiuiatpeio-NMoAuKAIVIKh»

NekTapia =ATa
EvdokpivoAdyog, AidakTtwp Maveniotnpiou lwavvivwv

Anpntpng NMNanaxpnoTou
EvdokpivoAdyog & MNaboAdyog AiafntoAoyog AvanAnpwtng Kabnynthg AN

Fewpyiog Maditng
Aieubuvting TuNnpaTog Evookpivoloyiag, AiapntoAoyiag & MetaBoAiopou oto voookopeio Eppikog NTuvav»

Fewpylo¢ Znualdkng
EvdokpivoAdyog — AiaBnTtoAoyog, EmpeAntig Eviokpivoloyikou Tu., 401 FENAlatpeio Ca Bupeoeidoug, 401
FZNA

EppavounA ZouBarféyAou
EvdokpivoAdyog-AiaBnTtoAdyog d1dakTwp Mav/piou Aachen Mepuaviag

KwoTtag Z1patdkng

MD, D(med)Sci, PhD, Ouétipog Emortnpovikog A/ving EGviké Ivor. Yyegiag Tou Maidiov K’ Avantuéng, USA, Algu-
Ouvwv Emotnuovikdg ZuppBoulog ELPEN, S.A., A/ving IvoTitoutou Epeuvag & Eknaideuong, ABnva, GR, A/ving
Epeuvwv, evetikn Tou AvBpwnou & latpikin AkpiBeiag, IMMB, ITE, HpdkAeio

BaoiAikn Zupiou
EvdokpivoAdyog, Aieuduvtpia EXY. I'NA « EAMIZ «

Nik6Aaog TevroAoUpng

Kabnyntng MaboAoyiag A’ NMponaideuTikng MadoAoyikng KAivikng Maveniotnuyiou ABnvwyv, Mevikd Nocokopegio
ABnvwv «\aik6»
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MAIAIATPIKH ENAOKPINOAOIIA

MAPIA KAPANTZA

ENAOKPINOAOI'OZ MAIAQN,
AIEYOYNTPIA, KAINIKH MAIAIATPIKHZ — EOHBIKHZ ENAOKPINOAOIIAZ, <MHTEPA»
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COVID-19 and pediatric endocrinoloqgy

1. Precocious Puberty and Covid-19 into Perspective: Potential
Increased Frequency, Possible Causes, and a Potential Emergency to
Be Addressed

Maria E. Street", Chiara Sartori', Cecilia Catellani'? and Beatrice Righi’
Division of Pediatric Endocrinology and Diabetology, Unit of Pediatrics, Department of Mother and Child,
Azienda USL-IRCCS di Reggio Emilia, Reggio Emilia, Italy

PhD Program in Clinical and Experimental Medicine, University of Modena and Reggio Emilia, Modena,

Italy Front. Pediatr., 20 September 2021 | https://doi.org/10.3389/fped.2021.734899

A significant increase in precocious puberty, rapidly progressive puberty and precocious menarche has
been reported in Italy since the initial lockdown because of the pandemic, and this could represent a
new emergency to be addressed during this pandemic. There is a need, therefore, for further
understanding and research. Many causes could account for this. Initially, it was thought that the
changes in life-style, in screen time, and sleeping habits could be the cause but if considered
individually these are insufficient to explain this phenomenon. Likely, changes in central nervous
mediators, and an increase in catecholamines could contribute as a trigger, however, these aspects are
poorly studied and understood as well as the real perceptions of these children. Finally, staying more
indoors has certainly exposed these children to specific contaminants working as endocrine disruptors
which could also have had an effect. It would be of utmost importance to compare this phenomenon
worldwide with appropriate studies in order to verify what is happening, and gain a new insight into the

consequences of the covid-19 pandemic and into precocious puberty and for future prevention.

2. Characteristics of hospitalized children with SARS-CoV-2 in the New
York City metropolitan area

Verma S, Lumba R, Dapul HM, Gold-von Simson G, Phoon CK, Lighter JL, Farkas JS, Vinci A, Noor A,
Raabe VN, Rhee D, Rigaud M, Mally PV, Randis TM, Dreyer B, Ratner AJ, Manno CS, Chopra A

Department of Pediatrics, Bellevue Hospital Center, New York, New York, USA.
sourabh.verma@nyulangone.org.

Hosp Pediatr. 2021 Jan;11(1):71-78.doi: 10.1542/hpeds.2020-001917.
https://pubmed.ncbi.nim.nih.gov/33033078/

In a cohort of 82 children (0—21 years) who were hospitalized for severe SARS-CoV-2 associated
respiratory illness, obesity was the strongest risk factor for the outcome of critical care. Already during

the first COVID-19 wave, it was shown that obesity is a major risk factor for severe COVID-19 infection
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in adults and caused the age at disease manifestation to shift towards younger ages . Recent findings

give insights into the underlying mechanism that links obesity to severe COVID-19 infection:

1. Obesity leads to respiratory dysfunction, characterised by increased airway resistance, reduced gas
exchange and lung volume and muscle strength, and decreased diaphragmatic excursions .
Transdifferentiation of pulmonary lipofibroblasts into myofibroblasts may contribute to the development
of pulmonary fibrosis and thus aggravate the severity of COVID-19 associated lung disease .

2. Insulin resistance and chronic subclinical inflammation associated with obesity lead to an increased
vulnerability to infection-related lung failure .

3. The expression of angiotensin converting enzyme 2 (the functional receptor of SARS-CoV-2) is
upregulated in adipocytes from patients with obesity, making adipose tissue a potential target organ and

viral reservoir .

4. Leptin links metabolism to the immune response by signaling via the Jak/STATand Akt pathways.
Increased circulating leptin levels seen in obesity lead to compromised systemic immune response.
Leptin is also an important mediator of pulmonary immunity and elevated leptin levels worsen the
pulmonary defense against infection (5). Leptin may also increase systemic inflammation via paracrine
effects on T cells (6). In a mouse model, administration of antileptin antibody decreased pro-

inflammatory events and improved lung pathology and survival .

Based on clinical observations and pathophysiological findings, specific recommendations for prevention

and care of patients with obesity and COVID-19 disease have recently been published
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Congenital Hypothyroidism

3. Congenital hypothyroidism: A 2020-2021 consensus
guidelines update-An ENDO-European Reference Network
initiative endorsed by the European Society for Pediatric
Endocrinology and the European Society for Endocrinology

van Trotsenburg P, Stoupa A, Le’ger J, Rohrer T, Peters C, Fugazzola L, Cassio A, Heinrichs C,
Beauloye V, Pohlenz J, Rodien P, Coutant R, Szinnai G, Murray P, Barte’s B, Luton D, Salerno M, de
Sanctis L, Vigone M, Krude H, Persani L, Polak M Thyroid. 2021:387-419.

doi:10.1089/thy.2020.0333.

These updated ENDO-European Reference Network (ENDO-ERN), European Society for
Paediatric Endocrinology (ESPE) and European Society for Endocrinology (ESE) guidelines
for congenital hypothyroidism will serve as comprehensive review of the literature providing
recommendations to all aspects of the disease.

The first Consensus Guidelines for congenital hypothyroidism of ESPE were published in
2014 [1]. This revised version of the guidelines was realized by a panel of paediatric and
adult endocrinologists, obstetricians, and a representative of patient organisations. They
give an update on all recommendations in the light of new evidence and knowledge from the
literature between 2013 and 2020 according to the GRADE (grading of recommendations,
assessment, development, and evaluation) system. The evidence section for each
recommendation provides detailed discussion of the current available literature and
questions that remain and need further clinical research. The main chapters comprise
neonatal screening, diagnostic criteria, substitutive treatment, outcome, genetics, and
antenatal diagnosis and cover all aspects of primary congenital hypothyroidism. Major
innovations are the integration of recommendations for central congenital hypothyroidism
and a comprehensive update on known and new genetic forms of congenital
hypothyroidism.

4. Newborn screening TSH values less than 15 mlIU/L are not
associated with long-term hypothyroidism or cognitive impairment

West R, Hong J, Derraik JGB, Webster D, Heather NL, Hofman PL
J Clin Endocrinol Metab. 2020; 105:dgaa415. doi:10.1210/clinem/dgaa415.
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The optimal cut-off for neonatal screening has long been a matter of debate. The optimal
balance between optimal detection of cases and increase of false positive patients is difficult
to define. Also, in the most recent guidelines for congenital hypothyroidism (see previous
paper in this chapter 3.7), no precise cut-off was recommended, as screening approaches
differ considerably [1].

West et al. addressed this open question by a retrospective study. They analysed the long-
term neurodevelopmental outcome of 96 healthy individuals who passed routine neonatal
screening according to the 15 mU/I TSH cut-off. They had a neonatal screening TSH of 8-
14 mU/l. At age 6-12 years, these individuals and 76 siblings were investigated by
Wechsler Intelligence Scale for Children. The study was powered to detect differences of 5
IQ points or more between cases and siblings.

Lower mid-childhood 1Q showed a mild correlation with increasing TSH levels 15 mUI/L.
However, if IQ was compared between cases and siblings, no difference was detected over
the whole TSH-range of 8-14 mU/l. The authors conclude that there was no clinically
relevant long-term negative effect when screening cut-off is 15 mU/I. They argue against
lowering the neonatal screening cut-off to below15 mU/I.

This study is of importance in a field where long-term data are scarce. The study was well
designed and limitations discussed in detail. As also discussed by the authors, it is
noteworthy that 80% (53/67) of cases with available siblings included had a TSH of 8-11
mU/l, while only 20% (13/67) of cases with siblings had a TSH value between 12—-14 mU/I
rendering the data more robust in the lower range of TSH values below %11 mU/l, where
12-14 case-sibling pairs could be compared for each additional unit of TSH. Nevertheless,
these data add information on a TSH range, where also previous studies included only few
cases. [2]. Ultimately, only prospective studies of treated versus untreated patients will
provide robust evidence for the optimal TSH screening cut-off.
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5. Cognitive and motor outcome in patients with early-
detected central congenital hypothyroidism compared with
siblings

Naafs JC, Marchal JP, Fliers E, Verkerk PH, Luijten MAJ, Boelen A, van
Trotsenburg ASP, Zwaveling-Soonawala N J Clin Endocrinol Metab.
2021;106:e1231-e1239.

doi:10.1210/clinem/dgaa901.

The results of this study are a robust argument to implement neonatal screening for central
congenital hypothyroidism (CCH) worldwide. Only few countries, such as the Netherlands,
screen for CCH. Neurodevelopmental outcome data are scarce for CCH compared to
primary congenital hypothyroidism (PCH) not only because of the lack of widely established
screening but also due to lower incidence (CCH 1:16,000 vs. PCH 1:2500-1:3000) .

Naafs et al. present a large cohort of well phenotyped patients with CCH, all detected by
neonatal screening and treated early [2]. They compared full scale intelligence quotient
(FSIQ) in patients with isolated CCH (iCCH, nZ35), CCH in the context of multiple pituitary

hormone deficiencies (MPHD, nZ52) and patient siblings (nZ52). They found no significant
difference in FSIQ between iCCH patients and siblings. However, patients with CCH in the
context of MPHD, compared to iCCH and siblings, showed a significantly lower mean FSIQ
(-7.5, and -7.9 points, respectively), most pronounced in the subgroup of performance

IQ. So far, data on neurodevelopmental outcome in clinically detected and late treated CCH
and MPHD patients are lacking for comparison. But the cost-effectiveness of neonatal
screening for CCH has already been shown more than a decade ago also in the
Netherlands.

Thyroid clinical studies

6. Randomised trial of block and replace vs. dose titration
thionamide in young people with thyrotoxicosis

Wood CL, Cole M, Donaldson M, Dunger DB, Wood R, Morrison N, Matthews
JNS, Pearce SHS, Cheetham TD Eur J Endocrinol. 2020;183:637—-645.
doi:10.1530/EJE-20-0617.

This study provides for the first time clear evidence that the block and replace (BR) strategy
(combination of carbimazole plus levothyroxine) is not superior to the carbimazole dose
titration (DT) strategy for treatment of paediatric Graves’ disease.

Wood et al. present the first randomized controlled multicentre trial of patients with Graves’
diseases in the paediatric age group comparing treatment stability of DT vs. BR. Each
patient (nZ82) was randomized shortly after diagnosis and treated for three years. The
authors found no difference between DT and BR in percentage of TSH or FT4 levels in or
outside the reference range during the study period. However, 3/40 patients on BR vs. 0/41
on DT developed neutropenia.

These data are important, providing for the first-time clear evidence that BR therapy has no
advantage on long term biochemical stability compared to DT, although BR is still widely
used by paediatric endocrinologists [1]. These data strengthen the current guidelines of the
American Thyroid Association and European Thyroid Association (ATA and ETA) [2,3]
which do not recommend BR because of its higher carbimazole dose and therefore
increased risk of drug-related side effects, as shown by a meta-analysis in adult patients
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In group 1a, all-cause mortality was not significantly increased. In group 1b, mortality risk
was significantly increased (SMR 1.5, 95%CI 1.1-1.9) although this result was mainly driven
by the French sub-cohort. Mortality risk was also significantly increased in the intermediate
and high-risk groups. Notably, mortality from diseases of the circulatory and hematological

Growth Hormone Therapy: Safety
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7. Long-term safety of growth hormone treatment in
childhood: two Large observational studies: nordiNet 10S and
ANSWER

Sa’vendahl L, Polak M, Backeljauw P, Blair JC, Miller BS, Rohrer TR, Hokken-Koelega A,
Pietropoli A, Kelepouris N, Ross J Karolinska Institutet, Karolinska University Hospital,
Solna, Sweden.

lars.savendahl@ki.se

J Clin Endocrinol Metab. 2021 May 13;106(6):1728-1741.

doi:10.1210/clinem/dgab080. PMID: 33571362

This report gathered data from two large observational studies (NordiNet International
Outcome Study and ANSWER Program) aimed at assessing the incidence of adverse drug
reactions (ADRs), serious adverse events (SAEs), and their relation with rhGH dose. The
whole study cohort included 37,702 subjects, with O130,000 patient-years follow-up. As in
previous studies, subjects were stratified into different risk groups according to underlying
diagnosis: low-risk (68.4%; comprising isolated GHD, SGA children, and ISS); intermediate-
risk (27.5%; multiple pituitary hormone deficiencies, Turner and other syndromes), and high-
risk (4.1%, malignancies and syndromes with high risk of malignancy).

As expected, the incidence of adverse events was lowest in the low-risk group. The most
frequent ADRs and SAEs included “nervous system disorders” (such as headache) and
“musculoskeletal and connective tissue disorders” (such as arthralgia and scoliosis). Among
the low-risk group, the incidence of SAEs was significantly higher in SGA children. Perhaps
counter-intuitively, GH dose was inversely associated with AE incidence rates. This finding
is likely explained by the practice to prescribe lower GH doses to patients considered at
higher risk of AEs. No case of cerebral hemorrhage and no increase in mortality risk was
observed.

It has to be pointed out that this study reports with events occurring during GH treatment,
whereas SAGhE analyzed events occurring in young adults who had received GH treatment
during childhood. The lack of long-term follow-up limits the potential of this study to capture
the risk of developing non communicable diseases (eg, diabetes, cardio-vascular morbidity,
neoplasms or neurodegenerative diseases).

8. Long-term mortality after childhood growth hormone
treatment: the SAGhE cohort study

Sa“vendahl L, Cooke R, Tidblad A, Beckers D, Butler G, Cianfarani S, Clayton P, Coste J,
Hokken-Koelega ACS, Kiess W, Kuehni CE, Albertsson-Wikland K, Deodati A, Ecosse E,
Gausche R, Giacomozzi C, Konrad D, Landier F, Pfaeffle R, Sommer G, Thomas M,
Tollerfield S, Zandwijken GRJ, Carel JC, Swerdlow AJ

Department of Women’s and Children’s Health, Karolinska Institutet, Stockholm, Sweden;
Pediatric Endocrinology Unit, Karolinska University Hospital, Solna, Sweden.
lars.savendahl@ki.se.

Lancet Diabetes Endocrinol. 2020;8(8):683—692.

doi:10.1016/S2213-8587(20)30163-7. PMID: 32707116

SAGhE is a large independent European consortium including eight different countries
(Belgium, France, Germany, ltaly, The Netherlands, Sweden, Switzerland, and the UK)
which was set up to evaluate the long-term safety of rhGH in a large cohort (024 000) of
young adult patients treated during childhood (1). In this report, overall and cause-specific
mortality was assessed by comparison to general population data to calculate standardized
mortality ratios (SMR). Patients were subdivided into different risk groups: 1) low-risk,
further subdivided in group 1a (isolated GHD, idiopathic short stature (ISS) or mild skeletal
dysplasia) and group 1b (small for gestational age (SGA); 2) intermediate-risk, including
multiple pituitary hormone deficiencies and specific syndromes (Turner, Noonan, Down,
etc.), and 3), high-risk, history of malignancies or chronic renal failure. The follow-up was
0400 000 patient-years (to age 25 years).
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systems was increased in all risk groups.

This large long-term independent study confirms earlier data from post-marketing
surveillance studies indicating no significant effect of childhood rhGH therapy on overall
mortality in patients with isolated growth hormone deficiency or idiopathic short stature.
Whether the increased mortality observed in subjects born SGA should be attributed to
rhGH treatment during childhood is open to debate, as it may be due to their inherent
cardiometabolic risk or to the genetic cause underlying small size at birth (4). Consistent
with this, mortality was not associated with mean daily or cumulative doses of rhGH for any
of the risk groups.

Overall, these data are reassuring, however prolonged long-term surveillance of patients
treated with rhGH in childhood is still needed as mortality from cardiovascular and
hematological diseases in all treated groups was higher than the general population.

9. Association of childhood growth hormone treatment
with long-term cardiovascular morbidity

Tidblad A, Bottai M, Kieler H, Albertsson-Wikland K, Sa“"vendahl L

Division of Pediatric Endocrinology, Department of Women’s and Children’s Health,
Karolinska Institutet, Karolinska University Hospital, Stockholm, Sweden.
anders.tidblad@ki.se

JAMA Pediatr. 2021;175(2):€205199.

doi:10.1001/jamapediatrics.2020.5199. PMID: 33346824

This nationwide population-based study assessed the long-term risk of cardiovascular
events in patients who had received rhGH therapy during childhood and adolescence. The
study cohort comprised 3.408 subjects treated under the GHD, SGA or ISS indications, and
50 036 age-, sex-, and region-based matched controls. Median follow-up was 14.9 years (to
age 25 years) with a total of 795 125 person-years. Patients in each diagnostic group had a
significant higher risk for cardiovascular events than controls (hazard ratio 1.69; 95% CI,
1.30-2.19), especially women (HR, 2.95; 95%CI, 1.31-3.20) and those treated for SGA
(HR, 1.97, %CI, 1.28- 3.04). The increased risk was found in all treated groups and was
associated with longer therapy duration and cumulative rhGH dose. The most common
severe cardiovascular events were ischemic heart disease, cardiomyopathy and stroke.

GH has pleiotropic effects on the cardiovascular system. Acromegaly, a pathological model
of exposure to high GH concentrations, is characterized by an increased cardiovascular
mortality (2). The results of this study are consistent with previous data from French SAGhE
cohort showing higher cerebrovascular mortality (3) and a higher risk of hemorrhagic stroke
in subjects receiving rhGH for GHD, SGA and ISS indications during childhood (4). The
authors wondered whether the observed increased cardiovascular risk might have been
caused by discontinuation of rhGH treatment in adulthood in GHD patients rather than
treatment during childhood. However, a further analysis of data from patients who continued
therapy after completion of growth confirmed the increased cardiovascular morbidity.

These results are consistent with those reported by the SAGHE consortium. It should be
noted that neither of these study designs can separate effects of rhGH therapy from risks
related to the underlying condition. However, they further suggest the need of a long-term
close cardiovascular monitoring in children treated with rhGH, especially in women and
those treated for the SGA indication.

10. Longitudinal study on metabolic health in adults SGA during

5 years after GH with or without 2 years of GnRHa treatment

Wesley J. Goedegebuure, Manouk van der Steen, Gerthe F Kerkhof, Anita CS Hokken-
Koelega Department of Paediatrics, Subdivision Endocrinology, Erasmus University
Medical Centre, Rotterdam, The Netherlands. w.goedegebuure@erasmusmc.nl

J Clin Endocrinol Metab, August 2020, 105(8):e2796—e2806.

doi:10.1210/clinem/dgaa287. PMID: 32436961
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The aim of this longitudinal study was to investigate the potential long-term adverse effects
of combined GnRHa/GH treatment on metabolic and bone health in short SGA children.
Reassuring data are found at 5 years after cessation of GH therapy.

Children born small for gestational age (SGA) have weight and/or length at birth less than -2
SDS for gestational age. Approximately 10% of SGA children do not catch-up their growth
retardation and have permanent short stature. Growth Hormone (GH) treatment is effective
in improving the growth outcome of SGA children especially when therapy is started well
before the onset of puberty. In children born SGA with predicted adult height less than -2.5
s.D., the combined therapy with GH plus 2-years gonadotropin releasing hormone
analogues (GnRHa) has been suggested to postpone puberty and eventually increase adult
height (3). Therapy with GnRH analogues may affect fat deposition, BMI and bone density
as shown in retrospective studies conducted in children with central precocious puberty.

In this study, insulin sensitivity and b-cell function (by frequently sampled intravenous
glucose tolerance tests, FSIGT), blood pressure, serum lipid levels, body composition and
bone mineral density (by dual-energy x-ray absorptiometry (DXA) scans), were assessed
during the 5 years after cessation of GH therapy in SGA young adults who were treated
during childhood with the combination of GHCGnRHa (nZ112) compared to those treated
with GH alone (nZ251) and 145 age-matched adults born appropriate for gestational age
(AGA). In the GH treated group, a subgroup (nZ95) was randomly assigned to treatment
with either GH 1 or 2 mg/m2/day (w 0.033 or 0.067 mg/kg/d).

At 5 years after discontinuation of GH therapy, the three groups showed no significant
differences in fat mass, FSIGT results, blood pressure, serum lipid levels and bone mineral
density. Total fat mass and trunk fat were lower, and lean body mass was higher in those
treated with 2 mg GH/m2/day, compared to 1 mg GH/m?day, whereas FSIGT results, limb
fat, blood pressure, serum lipid levels, and bone density were similar in both GH-dose
groups.

This further elegant study from the Rotterdam team shows that combined GnRHa/GH
therapy is not associated with long-term adverse effects on metabolism, body composition
and bone mineralization markers. However, the efficacy of the combined GH/GnRHa
therapy has to be tested in a larger group of short SGA children before being transferred to
clinical practice. Moreover, it has to be pointed out that the available metabolic markers are
a surrogate of the real cardiometabolic status. In this regard, two recent studies reporting an
increased long-term cardiovascular morbidity and mortality in SGA young adults treated
with GH during childhood raises concern about a potential, likely IGF1-mediated, adverse
effect on endothelial function, whose detection may elude the standard metabolic
assessment .
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Novel Treatments for Rare Skeletal Disorders

11. Once-daily, subcutaneous vosoritide therapy in
children with achondroplasia: a randomised, double-
blind, phase 3, placebo-controlled, multicentre trial

Savarirayan R, Tofts L, Irving M, Wilcox W, Bacino CA, Hoover-Fong J, Ullot Font R,
Harmatz P, Rutsch F, Bober MB, Polgreen LE, Ginebreda |, Mohnike K, Charrow J,
Hoernschemeyer D, Ozono K, Alanay Y, Arundel P, Kagami S, Yasui N, White KK, Saal
HM, Leiva-Gea A, Luna-Gonza’'lez F, Mochizuki H, Basel D, Porco DM, Jayaram K,
Fisheleva E, Huntsman Labed A, Day J

Murdoch Children’s Research Institute, Royal Children’s Hospital, and University of
Melbourne, Parkville, VIC, Australia Lancet. 2020 Sep 5;396(10252):684—692.
Abstract: https://pubmed.ncbi.nim.nih.gov/32891212/

In brief: Activating mutations in FGFR3 inhibit endochondral ossification in achondroplasia
resulting in disproportionate extreme short stature. In this randomised, double-blind, phase
3, placebo-controlled trial, once-daily subcutaneous treatment with vosoritide, a C-type
natriuretic peptide-analogue, was found to increase the rate of linear growth in children with
achondroplasia.

Comment: Achondroplasia is characterised by extreme, disproportionate short stature with
macrocephaly and several complications including foramen magnum stenosis with cervico-
medullary compression, hydrocepha lus, obstructive sleep apnea. There is an increased risk
of sudden death in infancy. Mortality is increased from birth to 4 years of age as well as in
the fourth and fifth decades of life.

The condition is caused by an autosomal dominant mutation in the fibroblast growth factor
receptor 3 gene (FGFR3) that constitutively activates the mitogen-activated protein kinase
(MAPK)-extracellular signal regulated kinase pathway in chondrocytes. C-type natriuretic
peptide (CNP) acts on the natriuretic peptide receptor 2 (NPR2) and is a potent stimulator of
endochondral ossification at the level of the growth plate. CNP stimulates growth, at least in
part, by inhibiting FGFR3-mediated MAPK signalling. Vosoritide is a recombinant C-type
natriuretic peptide analogue with an extended half-life.

A previous phase 2 and dose-finding study of daily subcutaneous vosoritide treatment in
children (5 to 14 years of age) with achondroplasia demonstrated that the dose-dependent
increase in growth rate appeared to level off at a positive effect of approximately 1.5
cm/year that was maintained up to 42 months of treatment.

In this phase 3, randomized, double-blind, placebo-controlled, 52-week trial
(NCT03197766), the efficacy and safety of daily subcutaneous injections of vosoritide (15.0
mg/kg) was compared to placebo in 121 children (age range, 5 to 18 years) with
achondroplasia. Two patients in the vosoritide group discontinued their participation after 2
and 6 days due to pain from injection and fear of needles, respectively. The remaining 119
participants completed the study and enrolled in the extension study. All 121 randomized
patients were included in the efficacy analyses.

After 52 weeks of treatment, the annualized growth velocity was 1.57 cm/year higher in the
vosoritide compared to the placebo group (95% CI 1.22—1.93; P!0.0001) and slightly better
at 1.71 cm/year (95% CI 1.40-2.01) if adjusted for baseline growth velocity. In addition, all
subgroup analyses (sex, age, tanner stage, height z-score, baseline growth velocity)
indicated a positive effect of vosoritide. This study demonstrates that vosoritide is
efficacious in increasing the growth velocity in children with achondroplasia and supports
previous studies indicating that is safe. Further studies with earlier start and longer duration
of treatment are needed to determine the total amount of height gain that can be
accomplished with this treatment and possible effects on other important complications of
the condition.
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no withdrawal was reported. Two serious adverse effects were documented (wheezing and

Bone- Translational hlghllghts rash) but considered unrelated.

12. Hormonal regulation of biomineralization Although short in duration, this first phase 3 study indicates that a 6-monthly leuprolide
’ . . ' ' R _ acetate treatment represents a promising treatment to suppress pubertal hormones and
Andrew Arnold, Elaine Dennlson, ChrlStOpher S KOVaCS, Michael Mannstadt, Rene RlZZOIl, Maria progress|on Of Secondary Slgns of sexual maturation. Such a convenient administration

Lgi§q Brandi, Bart plarke, Rajesh V Thakker o . might improve feasibility and adherence.
Division of Endocrinology & Metabolism and Center for Molecular Oncology, University of Connecticut

School of Medicine, Farmington, CT, USA; Academic Endocrine Unit, Radcliffe Department of
Medicine, University of Oxford, Oxford, UK
Nat Rev Endocrinol. 2021 May;17(5):261-275

Abstract: https://pubmed.ncbi.nlm.nih.gov/33727709/

In brief: This article systematically reviews the current advances in the understanding of
mineral metabolism with focus on the regulation of mineralization in skeletal tissue and
inhibition of mineralization in non-skeletal tissue. This is mandatory reading for any aspiring
endocrinologist.

Comment: Mineralization of the skeleton and teeth are critically important to allow
ambulation and feeding. Inhibition of this process is equally important to prevent ectopic
mineralization of soft tissues and organs, which is disabling and potentially lethal. The

review is well-structured as it presents the current understanding of the complex regulation 14. Behavioral and neurobio|ogica| effects of GnRH agonist
of the physiological and pathological aspects of the mineralization process. The roles and

regulation of calcium and inorganic phosphate, dietary intake of minerals as well as the treatment_ n r_mce - pOtentlal _|mpll_cat|ons for puberty
balance between activators and inhibitors of mineralization are discussed. The major suppression in transgender individuals
regulators of biomineralization include parathyroid hormone (PTH), the vitamin D system, Anacker C, Sydnor E, Chen BK, LaGamma CC, McGowan JC, Mastrodonato A, Hunsberger HC

Gender Dysphoria- Basic Research

vitamin K, fibroblast growth factor 23 (FGF23) and phosphatase enzymes, and their
respective roles in the mineralization process are discussed in detail. In addition, alternative
regulatory mechanisms that control mineral delivery, skeletal metabolism and
biomineralization in the fetus, the neonate, and in the mother during pregnancy and
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lactation are also discussed.

Puberty

13. Phase 3 trial of a small-volume subcutaneous 6-month
duration leuprolide acetate treatment for central precocious
puberty

Klein KO, Freire A, Gryngarten MG, Kletter GB, Benson M, Miller BS, Dajani TS, Eugster
EA, Mauras N

J Clin Endocrinol Metab. 2020 Oct 1;105(10):e3660—71.doi:10.1210/clinem/dgaa479.
https://academic.oup.com/jcem/article/105/10/e3660/5879679

In brief: This phase 3 multi-centre, open-label, single-arm study explores the efficacy,
pharmacokinetics and safety of 6-monthly 45-mg subcutaneous leuprolide acetate in 59
patients with central precocious puberty (CPP). Six-monthly leuprolide acetate appears to be
a promising treatment to suppress pubertal hormones and

progression of secondary sexual features. Comment: CPP is classically treated with GnRH
agonists. Available treatments include intramuscular leuprolide acetate injections,
intramuscular triptorelin injections and subcutaneous histrelin acetate implants .

This phase 3 study evaluated the pharmacokinetics, safety and efficacy of 6-monthly 45-mg
subcutaneous leuprolide acetate. Fifty-nine patients (57 girls and 2 boys) received 2
injections of leuprolide acetate and were evaluated at weeks 0, 24 and 48. Post-stimulation
LH was suppressed (!4 IU/L) in 87% and 88% of children at weeks 24 and 48, respectively.
Growth velocity regressed in O50% of patients at weeks 24 and 48, and average bone age
advancement slightly but significantly regressed. Breast development regressed in almost all
girls (55/57) and genital development regressed from G3 to G2 after 2 injections in both
treated boys. An initial burst release of leuprolide was reported between 1 and 6 hours post-
injection, followed by stable levels from weeks 12 to 44. Injections were well tolerated and
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Shores R, Dixon RS, McEwen BS, Byne W, Meyer-Bahlburg HFL, Bockting W, Ehrhardt AA, Denny
CA

Neuropsychopharmacology. 2021 Apr;46(5):882—890.

doi:10.1038/s41386-020-00826-1. PMID: 32919399.

This mouse study addresses the question of the psychological effects of treatment with the
GnRH analogue (GnRHa) leuprolide. Six-week-old, i.e. early-pubertal, male and female
mice were injected daily with leuprolide (20 mg) or saline for 6 weeks. The mice were
subjected to a number of behavioral tests, and hormonal stress response was assessed.
The effects on reproductive function, social and affective behaviour, cognition, and brain
activity were studied.

A main focus has previously been the effects of GnRHa on bone mineral density in
adolescents receiving GnRHa in the context of gender dysphoria. Neuropsychiatric and
neurobiological effects, other than halting puberty and possibly alleviating the stress of
gender dysphoria and allowing for thorough psychological assessment, have been
increasingly discussed, as GnRH receptors are particularly abundant in the hippocampus
and the limbic system.

These data show for the first time that GnRH agonist treatment after puberty onset has sex-
specific effects on social and affective behavior, stress regulation, and neural activity in
mice. More specifically, increased hyperlocomotion, changes in social preference, and
increased neuroendocrine stress responses were seen in male mice, while increased
hyponeophagia and despair-like behaviour (reactions responsive to antidepressant
treatment) were noted in females. In addition, corticosterone response was increased in
male but not female mice on exposure to a new situation.

The authors discuss the possibility that increased signs of depression in adolescents with
gender dysphoria who are treated with GnRHa may not be readily detectable due to a
decrease in depressive symptoms related to the physical changes of the treatment.
Although mice and humans differ particularly with regards to hormonal effects in the brain,
this study raises further questions about the eventual neuropsychological off-target effects of
GnRH agonists as used in adolescents with gender dysphoria.
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Obesity and Weight requlation

15. Maternal obesity interrupts the coordination of the unfolded
protein response and heat shock response in the postnatal
developing hypothalamus of male offspring in mice

Chen N, Zhang Y, Wang M, Lin X, Li J, Li J, Xiao X
Mol Cell Endocrinol. 2021 May 1;527:111218.
doi:10.1016/j.mce.2021.111218. PMID: 33636254

This study used a high fat and high sucrose diet to generate obese mice. The offspring of
these mice showed activation of the unfolding protein response and the heat-shock
response in the hypothalamus as early as weaning. This was associated with malformed
paraventricular nucleus axonal projections and defective leptin signaling. Intriguingly early
inhibition of hypothalamic ER stress in the offspring failed to improve the metabolic outcome
but worsened it. A key molecule (called heat shock protein 70 (HSP70)) was altered in the
early postnatal developing hypothalamus which might lead to permanent unfolded protein
response activation later in life.

Maternal overnutrition and obesity are risk factors for later development of childhood obesity
and type 2 diabetes mellitus. The underlying mechanisms involved in the development of
childhood obesity following maternal obesity are unknown but might involve changes in the
feeding center of the hypothalamus. In the hypothalamus, there are two key neuronal
subtypes (anorexigenic and orexigenic) which impinge on the paraventricular nucleus which
regulates feeding behavior. Leptin plays a key role in regulating this whole circuit. In mice
models of obesity, endoplasmic recticulum (ER) stress is noted in the hypothalamus early in
the neonatal period with defective changes in the paraventricular neuronal projections. ER
stress is controlled by the unfolding protein response and the heat-shock response which is
a cellular protective mechanism activated by different stressors where chaperon proteins
prevent cellular stress response by protein folding and re-folding and by activating
autophagy.

These observations suggest that developmental exposure to a maternal obesogenic
environment may lead to an imbalance in the unfolded protein and heat shock responses in
the postnatal developing hypothalamus. This imbalance might lead to defects in obesity
programming of the offspring.

16. Structure reveals the activation mechanism of the MC4 receptor to
initiate satiation signalling

Israeli H, Degtjarik O, Fierro F, Chunilal V, Gill AK, Roth NJ, Botta J, Prabahar V, Peleg Y, Chan LF,
Ben-Zvi D, McCormick PJ, Niv Y, Shalev-Benami M Weizmann Institute of Science, Rehovot,
Israel.danny.ben-zvi@mail.huji.ac.il.Science 2021;372(6544): 808—
814https://doi.org/10.1126/science.abf7958

Isreali et al. describe the molecular structure of the melanocortin 4 receptor (MC4R) complexed with its
effector G protein (Gs alpha) and setmelanotide, a pharmacological agonist of MC4R. MC4R is a known
key element in body weight regulation, connecting response to leptin with inhibition of hunger and food
intake. Targeted deletion of Mc4r in mice induces weight gain (1), and heterozygous loss- of-function
mutations in MC4R are frequently found in obese children as well as adults (2, 3). Thus, targeting MC4R
pharmacologically is a major focus in the development of weight loss therapies. Setmelanotide is the
first US FDA-approved MC4R agonist for treatment of obesity due to genetically based deficiencies of
pro-opiomelanocortin (POMC), proprotein subtilisin/kexin type 1 (PCSK1), and leptin receptor LEPR.
The current study contributes important data to our understanding of MC4R signalling. Although a recent
publication describes the crystal structure of MC4R bound to an antagonist, and thus provides data
about the structure of the inactive receptor , the architecture of active MC4R had not been described so
far. Using single-particle cryogenic electron microscopy, the authors were able to analyse
conformational changes and to display crucial amino acids mediating activation of the receptor. This
information may be helpful in modelling of pathogenic MC4R mutations and to identify those patients
with MC4R defects that would potentially benefit from setmelanotide treatment.
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17. Efficacy and safety of setmelanotide, an MC4R agonist, in
individuals with severe obesity due to LEPR or POMC
deficiency: single-arm, open-label, multicentre, phase 3 trials

Cle'ment K, van den Akker E, Argente J, Bahm A, Chung WK, Connors H, De Waele K,
Faroogqi IS, Gonneau-Lejeune J, Gordon G, Kohisdorf K, Poitou C, Puder L, Swain J,
Stewart M, Yuan G,Wabitsch M, Ku'hnen P; Setmelanotide POMC and LEPR

Phase 3 Trial Investigators Lancet Diabetes Endocrinol. 2020 Dec;8(12):960-970.
https://pubmed.ncbi.nim.nih.gov/33137293/

This article reports the results of two single-arm, open-label, multicentre, phase 3 trials of
the MC4R agonist, setmelanotide, in patients with severe obesity due to pro-
opiomelanocortin (POMC) deficiency or leptin receptor (LEPR) deficiency.

Mean % change in bodyweight after™ year was -25 ‘6 % in patients with POMC deficiency
and -12'5% in those with LEPR deficiency.

Melanocortin 4 receptor (MC4R) is a key component of the leptin-melanocortin pathway and
plays an important role in the regulation of appetite and body weight. Severe early-onset
obesity can be caused by biallelic variants in genes that affect MC4R signalling. These trials
were conducted in 10 hospitals in North America (Canada and the USA) and Europe
(Belgium, France, Germany, the Netherlands, and UK). The POMC trial (NCT02896192)
Included individuals aged 6 + years with obesity caused by POMC deficiency, defined as
homozygous or compound heterozygous variants in POMC or PCSK1. The LEPR trial
(NCT03287960) included individuals aged 6+ years with obesity caused by LEPR
deficiency, defined as homozygous or compound heterozygous variants in LEPR. In both
trials, setmelanotide produced significant weight loss and reduction in hunger scores in after
w1 year of treatment. Setmelanotide was well tolerated in all individuals, and no new safety
concerns were observed. Patients in both groups reported injection site reactions.

Effectiveness was greater in POMC patients than in LEPR patients. The primary outcome,
weight loss of 10+ %, was observed in 80% of POMC and 45% of LEPR patients, and this
was also reflected in mean % changes in bodyweight (-256% vs -125%, respectively).
Furthermore, all POMC patients reported skin hyperpigmentation compared to 36% of LEPR
patients. The authors comment on the potentially different aspects of POMC and LEPR
deficiency. They posit that setmelanotide as an MC4R agonist is potentially able to
completely restore signalling in POMC obesity. By contrast, in LEPR, setmelanotide might
only partially restore signalling, given that apart from POMC neurons LEPR is also
expressed on agouti-related peptide-positive neurons.

In the POMC ftrial, nausea was reported in 5 participants and vomiting in 3 participants. Five
serious adverse events (depression, major depression, acute adrenocortical insufficiency,
pneumonia, and pleurisy) were reported in 4 participants but none was considered to be
related to setmelanotide. No treatment emergent adverse events led to study drug
withdrawal or death. In addition, 1 participant reported suicidal ideation at baseline but not at
w1 year. Another participant developed suicidal ideation at w1 year. In the LEPR trial,
nausea and vomiting were reported in 4 participants that both resolved without sequelae.
Four serious adverse events (cholecystitis, suicidal ideation, gastric banding reversal, and
road traffic accident leading to death) were reported in 3 participants; none was considered
to be related to setmelanotide. One participant discontinued the trial because of grade 1
hypereosinophilia, which was considered to be possibly related to setmelanotide and
resolved following discontinuation. In both studied groups, no treatment-related
cardiovascular adverse events were reported, and there was no evidence that setmelanotide
was associated with changes in blood pressure or heart rate. No cases of suicidal ideation
and behaviour were reported at either baseline or at™1 year.
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18. Human MC4R variants affect endocytosis, trafficking and
dimerization revealing multiple cellular mechanisms involved in weight
regulation

Brouwers B, de Oliveira EM, Marti-Solano M, Monteiro FBF, Laurin SA, Keogh JM, Henning E, Bounds
R, Daly CA, Houston S Ayinampudi V, Wasiluk N, Clarke D, Plouffe B, Bouvier M, Babu MM, Farooqi IS,
Mokrosin ‘ski J University of Cambridge Metabolic Research Laboratories and NIHR Cambridge
Biomedical Research Centre,Wellcome-MRC Institute of Metabolic Science, Cambridge CB2 0QQ, UK.
isf20@cam.ac.uk. J Cell Rep. 2021 Mar 23;34(12):108862. doi:
10.1016/j.celrep.2021.108862.https://pubmed.ncbi.nlm.nih.gov/3376 1344/

This study demonstrates that MC4R variants found in humans affect receptor endocytosis, trafficking
and dimerization and thus reveal multiple cellular mechanisms involved in weight regulation. The
findings contribute to our understanding of the complex mechanisms that lie behind the melanocortin 4
receptor’'s (MC4R) pivotal role in weight regulation. Stimulation of MC4R, a G-protein coupled receptor,
is considered to be one of the key factors that reduces appetite and regulates energy homeostasis and
body weight. It was previously shown that the binding of pro-opiomelanocortin (POMC) derived
melanocyte-stimulating hormone (MSH) to the MC4R leads to increased production of cyclic AMP
(cAMP) . We are aware of several G-protein related pathways that can be ‘drugged’ and meanwhile
MC4R is a prime target for anti-obesity drugs . Informed by the recently published 3D structure of the
MC4R novel therapeutic methods to target MC4R can be more efficiently investigated and developed.
These authors aimed to investigate the cellular functioning and trafficking of MC4R by looking at effects
of several naturally occurring MC4R variants when experimentally expressed in HEK293 cells, which do
not endogenously express MC4R. 48 rare MC4R variants from previously published large cohorts
(minor allele frequency [MAF], <1%) and 2 more common variants (MAF 1-2%) that have previously
been associated with obesity protection were studied. To quantitatively assess and monitor the
intracellular and extracellular interaction/signalization of different MC4R pathways, such as plasma
membrane (PM) expression, b- arrestin recruitment, G-a interaction, MAPK mitogen activated protein
kinases)/ERK (extracellular signal-regulated kinases) phosphorylation, homodimerization and early
(recycling) or late (degradation) endocytosis, enhanced bystander bioluminescence resonance energy
transfer (ebBRET) sensors were applied. The effects of these 50 MC4R variants were functionally
categorized as either gain of function (GOF) and/or loss of function (LOF) for each of their respective
cellular interaction pathways. Interestingly, some pathways might be able to regulate MC4R activity
independent of cAMP production. 19 MC4R variants previously shown to be similar to WT or to have
none/or limited effects on cAMP production (085% of WT cAMP production) are shown here to impair
one or more pathways. Based on these results, there are obviously novel ways to target MC4R. As an
example, targeting the homodimerization process with an allosteric modulator might be an option similar
to several experimental therapies that are currently under investigation for central nervous system
disorders. By dissecting mechanisms that regulate MC4R with naturally occurring human variants, this
study expands our knowledge of MC4R functionality. We believe that further human as well as
transgenic animal and cell model studies are needed to further examine the relevance of these new
mechanisms. A recent study has shown the interaction between setmelanotide and several naturally
occurring human MC4R variants by using cryogenic electron microscopy and thereby helps to better
understand the core functioning of MC4R

19. Loss-of-function mutations in the melanocortin 4 receptor in a UK
birth cohort

Wade KH, Lam BYH, Melvin A, Pan W, Corbin LJ, Hughes DA, Rainbow K, Chen JH, Duckett K, Liu X,
Mokrosin ski J, Mo'rseburg A, Neaves S, Williamson A, Zhang C, Farooqi IS, Yeo GSH, Timpson NJ,
O’Rahilly S Medical Research Council (MRC) Integrative Epidemiology Unit (IEU), University of Bristol,
Bristol, UK.n.j.timpson@bristol.ac.uk.Nat Med, 2021 Jun;27(6):1088—1096.doi: 10.1038/s41591-021-
01349-y.https://pubmed.ncbi.nim.nih.gov/34045736/

This paper reports the high prevalence of MC4R loss-of-function (LoF) variants in a normal population
and their large impact on longitudinally assessed anthropometric traits from birth to young adult life.
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This is the first study to examine the prevalence of all non-synonymous MC4R variants in a large
sample (5724 persons) of a representative birth cohort, the Avon Longitudinal Study of Parents and
Children (ALSPAC). ALSPAC examined over 75% of all children born in the larger Bristol area between
1990-1992, thus these data provide an accurate estimate of true prevalence in a (mainly white)
European population. Obesity is one of the most important non-communicable diseases and has finally
now been acknowledged by EU commission as a disease in its own right. In contrast to polygenic
obesity, monogenic obesity is much rarer. However, the prevalence reported here, 1 in 337, means that
LoF MCA4R variants can no longer be termed a rare disease. The longitudinal characterization of
participants in ALSPAC, provides a unique possibility to compare the development of anthropometric
traits between MC4R LoF variant carriers (nZ17) to non-LoF variant carriers (nZ5707). They identify a
large and stable influence of LoF MC4R variants on BMI, weight and body fat from 5 years onwards.
Interestingly, in contrast to previous studies by the same authors, no evidence for reduced systolic blood
pressure or increased adult height was found after adjusting for age, sex and BMI. Rare, non-
synonymous wild-type like variant carriers (nZ21) did not differ from wildtype or synonymous, common
variant carriers. However, there is no individual analysis for wild-type like carriers offered and LoF was
primarily defined as reduced cAMP generation upon MC4R stimulation in a heterologous cell system
expressing the MC4R variant, although other MC4R signalling pathways have been described. As for
some of the here listed wild-type like variants, debates exist on their possible pathogenetic effects. A
more detailed analysis would have been welcomed. In conclusion, LoF MC4R variants conferring a
reproducible risk for increased adiposity seem to be more frequent than previously assumed; hence a
generous screening approach should be advocated, especially since some variants seem to be
rescuable by synthetic MC4R activators, such as Setmelanotide.

20. Obesity treatment effect in Danish children and adolescents
carrying melanocortin-4 receptor mutations

Trier C, Hollensted M, Schnurr TM, Lund MAV, Nielsen TRH, Rui G, Andersson EA, Svendstrup M, Bille
DS, Gjesing AP, Fonvig CE, Frithioff-Bgjsae C, Balslev-Harder M, Quan S, Gamborg M, Pedersen O,
A’hgquist L, Holm JC, Hansen T Novo Nordisk Foundation Center for Basic Metabolic Research,
Faculty of Health and Medical Sciences, University of Copenhagen, Copenhagen, Denmark.
torben.hansen@sund.ku.dk. Int J Obes (Lond). 2021;45(1):66—76. https://doi.org/10.1038/s41366-020-
00673-6

This study investigated the influence of MC4R variants on treatment effectiveness in a large cohort
undergoing an outpatient treatment program. Carriers of MC4R loss-of-function (LoF) variants showed a
lack of improvement in BMI, in contrast to non LoF carriers. As we learn that MC4R LoF variants are
more common than expected (their impact gains importance, not only on the natural course of BMI, but
also on treatment success. The validated treatment program of the Children’s Obesity Clinic (TCOC) in
Denmark shows on average a sustained BMI SDS reduction by 0.2-0.3 , which is comparable to other
European outpatient programs, such as Obeldicks light . Remarkably, in this large study (nZ1209), of
the roughly 80% of patients who could be evaluated after a treatment period of on average 1 year (0.5—
4.0 years), the 2.5% carriers of MC4R LoF variants (nZ24) did not reduce their BMI-SDS — in contrast to
non LoF carriers (nZ982). Other treatment approaches, including Obeldicks, had actually found that
wildtype MC4R variant carriers show the same BMI SDS reduction as LoF variant carriers, but are
unable to uphold treatment success. One possible explanation for these divergent observations may be
a more extensive treatment approach in former studies. One challenge of this study was the definition
LoF in MC4R variants. While some variants show consistently reduced ability to generate cAMP upon
MCA4R stimulation in a heterologous cell system expressing the MC4R variant, for others, results vary
both on cAMP generation and other measures such as activation of extracellular signal-regulated kinase
(ERK) 1/2 or receptor cell surface expression. Hence variants considered here to be functionally
relevant have been viewed in other studies as wild-type like (1). Nonetheless, this study shows that
knowledge on the genetic background can give both treatment centres and families more realistic
expectation about treatment outcomes and may also pave the way for patient-tailored treatment
approaches.
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N ENGL J Med 2021 Oct 21;385(17):1581-1592.

doi: 10.1056/NEJM0a2103329. Epub 2021 Oct 6.

Obesity-
Associated GNAS Mutations and
the Melanocortin Pathway

Edson Mendes de Oliveira 1, Julia M Keogh 1, Fleur Talbot 1, Elana Henning 1, Rachel

Ahmed 1, Aliki Perdikari 1, Rebecca Bounds 1, Natalia Wasiluk 1, Vikram Ayinampudi 1, Inés

Barroso 1, Jacek Mokrosiniski 1, Deepthi Jyothish 1, Sharon Lim 1, Sanjay Gupta 1, Melanie

Kershaw 1, Cristina Matei 1, Praveen Partha 1, Tabitha Randell 1, Antoinette
McAulay 1, Louise C Wilson 1, Tim Cheetham 1, Elizabeth C Crowne 1, Peter Clayton 1, | Sadaf

Farooqi

e DOI: 10.1056/NEJM0a2103329

Background: GNAS encodes the Gas (stimulatory G-protein alpha subunit)
protein, which mediates G protein-coupled receptor (GPCR)

signaling. GNAS mutations cause developmental delay, short stature, and
skeletal abnormalities in a syndrome called Albright's hereditary
osteodystrophy. Because of imprinting, mutations on the maternal allele also
cause obesity and hormone resistance (pseudohypoparathyroidism).

Methods: We performed exome sequencing and targeted resequencing in
2548 children who presented with severe obesity, and we unexpectedly
identified 22 GNAS mutation carriers. We investigated whether the effect

of GNAS mutations on melanocortin 4 receptor (MC4R) signaling explains the
obesity and whether the variable clinical spectrum in patients might be
explained by the results of molecular assays.

Results: Almost all GNAS mutations impaired MC4R signaling. A total of 6 of
11 patients who were 12 to 18 years of age had reduced growth. In these
patients, mutations disrupted growth hormone-releasing hormone receptor
signaling, but growth was unaffected in carriers of mutations that did not
affect this signaling pathway (mean standard-deviation score for height, -0.90
vs. 0.75, respectively; P = 0.02). Only 1 of 10 patients who reached final height
before or during the study had short stature. GNAS mutations that impaired
thyrotropin receptor signaling were associated with developmental delay and
with higher thyrotropin levels (mean [£SD], 8.4+4.7 mlU per liter) than those
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in 340 severely obese children who did not have GNAS mutations (3.9+2.6
mIU per liter; P = 0.004).

Conclusions: Because pathogenic mutations may manifest with obesity alone,
screening of children with severe obesity for GNAS deficiency may allow early
diagnosis, improving clinical outcomes, and melanocortin agonists may aid in
weight loss. GNAS mutations that are identified by means of unbiased genetic
testing differentially affect GPCR signaling pathways that contribute to clinical
heterogeneity. Monogenic diseases are clinically more variable than their
classic descriptions suggest. (Funded by Wellcome and others.)

Adrenals

21. GWAS for autoimmune Addison’s disease identifies multiple
risk loci and highlights AIRE in disease susceptibility

Eriksson D, Rayrvik EC, Aranda-Guille'n M, Berger AH, Landegren N, Artaza H, Hallgren
A", Grytaas MA, Stro'm S, Bratland E, Botusan IR, Oftedal BE, Breivik L, Vaudel M,
Helgeland @, Falorni A, Jergensen AP, Hulting AL, Svartberg J, Ekwall O, Fougner
KJ,Wahlberg J, Nedrebg BG, Dahlgvist P; Norwegian Addison Registry Study Group;
Swedish Addison Registry Study Group, Knappskog PM, Wolff ASB, Bensing S, Johansson

S, Kampe O, Husebye ES Nat Commun. 2021 Feb 11; 12(1):959.
https://pubmed.ncbi.nlm.nih.gov/33574239/

The authors report a genome-wide association study (GWAS) of autoimmune Addison’s
disease (AAD) in 1223 cases (defined as autoimmune adrenal failure plus positive serum
autoantibodies against 21-hydroxylase) and 4097 healthy controls. Patients with APS-1
were identified and excluded. They identified 9 genome-wide significant genomic loci and
explained 35-41% of the additive genetic heritability of AAD. Autoimmune Addison’s
disease (AAD) is the most common cause of primary adrenal failure in the Western world. It
requires lifelong steroid hormone replacement therapy and is fatal if untreated.
Autoimmunity is often apparent from the presence of other associated autoimmune
diseases, and is confirmed by the presence of autoantibodies against the adrenal enzyme,
21-hydroxylase. Besides the major risk locus at the HLA region, they identified risk variants
in or near: PTPN22, CTLA4, LPP, BACH2, SH2B3, SIGLEC5, UBASH3A, and AIRE. Of
these, in 5 loci an association has previously been described (PTPN22, CTLA4, HLA, AIRE,
and BACH?2), while 4 loci were novel (LPP, SH2B3, SIGLEC5, and UBASH3A). Of note,
they found AAD associations with two LD-independent protein-coding variants in AIRE: one
novel (rs74203920) and one previously reported (rs2075876) . These associations underline
the importance of AIRE expression to maintain immune tolerance. The authors offer the
interesting example of Down syndrome, where AIRE gene duplication potentially leads to
altered expression in the thymus (affecting homeostasis and function of thymic epithelial
cells that affect thymic selection processes), impaired central tolerance and increased risks
of autoimmune diseases. This study also identified risk loci in genes involved in antigen
presentation and recognition, and hence in thymocyte maturation. The authors hypothesize
that AAD with positive 21-hydroxylase antibodies has a rather homogenous disease etiology
with relatively low polygenicity compared to other diseases, explaining at least in part the
high heritability estimates. The study highlights the importance of the complex network of
antigen presentation and immunomodulation that underlie autoimmune disease
development. These findings underscore the importance of future studies in identifying and
developing preventive treatment strategies.
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Oncology

22. Health outcomes in offspring born to survivors of childhood
cancers following assisted reproductive technologies.

Sommerha‘user G, Borgmann-Staudt A, Astrahantseff K, Baust K, Calaminus G, Dittrich R,
Ferna ndez-Gonza'lez MJ, Ho'lling H, Ko'nig CJ, Schilling R, Schuster T, Lotz L, Balcerek
M.anja.borgmann@charite.de J Cancer Surviv. 2021; 15: 259-272.
https://pubmed.ncbi.nlm.nih.gov/32844376/

Long-term treatment effects are possible reasons for reduced fertility and adverse
pregnancy outcomes in childhood cancer survivors (CCS) . This observational study reports
perinatal and health outcomes of offspring born to CCS using assisted reproductive
technologies (ART). CCS were almost 2-fold more likely to use ART compared to the
general population (4.6% vs. 2.6%). Among offspring born to CCS, multiple sibling births
and low birth weight were significantly more common following ART than after spontaneous
conception. The high prevalence of multiple sibling births after ART in CCS was similar to
the 34% reported in the general population. ART did not increase the prevalence of
childhood cancer or congenital malformations in offspring born to CCS. A mildly increased
prevalence of moderate preterm births (32 to 37 gestational weeks) in the offspring of CCS
was detected. The differences in perinatal outcomes were completely explained by
differences in multiple sibling birth and other known confounders. Patients included in this
study were treated between 1980 and 1999, before the implementation of the guidelines for
fertility preservation. Only few patients cryopreserved oocytes/sperm prior to cancer
treatment. Most CCS (58.7%) were treated in the 1980s, with higher doses of radiation and
alkylating agents than used now. These findings appear particularly reassuring for current
patients treated with less toxic protocols. The results are also reassuring because only a
mild increase of moderate preterm birth was demonstrated in survivor offspring and most
medical consequences occur in severely preterm infants. In this study, the prevalence of
childhood cancer and congenital malformations, whether conceived by ART or spontaneous
conception, was not higher in CCS offspring than in the general population. A meta-analysis
published in 2013, had reported a slightly elevated overall cancer risk in children born after
ART. Fertility impairment and potential epigenetic defects in the gametes, rather than the
ART procedure itself, were supposed to be the main predisposing factors (2). The study has
some limitations. The recruitment based on previous surveys identifying CCS with biological
children (required by the German Society for Pediatric Oncology and Hematology to reduce
the study burden for survivors) potentially caused a selection bias. The questionnaire-based
setting reduces data accuracy by recall bias. Moreover, factors as maternal age, body mass
index, infections or other maternal diseases, which clearly influence pregnancy outcome
and perinatal events, were not analyzed.

Diabetes

23. Analysis of overlapping genetic association in type 1 and type 2
diabetes

Jamie RJ Inshaw, Carlo Sidore, Francesco Cucca, M Irina Stefana, Daniel JM Crouch, Mark | McCarthy,
Anubha Mahajan, John A Todd Diabetologia. 2021 Jun;64(6):1342—-1347. doi: 10.1007/s00125-021-
05428-0. https://pubmed.ncbi.nim.nih.gov/33830302/

By studying data from very large-scale genome-wide association studies (GWAS) in European ancestry
individuals, the authors compared genetic signals that confer risk of type 1 (T1DM) and type 2 diabetes
(T2DM). Only 5 signals were associated with both T1DM and T2DM (‘colocalised signals’). At 4 of these
signals, variants that increased risk of T1DM decreased the risk of T2DM: (1) chromosome 16q23.1,
near the CTRB1/BCAR1 genes; (2) 11p15.5, near Insulin and IGF2; (3) 4p16.3, near TMEM129 and (4)
1p31.3, near PGM1. Only one signal showed directionally concordant effects, increasing the risks of
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both T1DM and T2DM: 9p24.2, near GLIS3. It is remarkable that, despite the knowledge of w60
genomic regions associated with T1DM and O200 associated with T2DM, there is so little overlap in the
genetic risk factors for these two forms of diabetes. Some have hoped that established treatments for
T2DM (e.g. metformin) might also have obvious benefits for patients with T1DM. It was even
hypothesised that both forms of diabetes shared a common genetic make-up but were exposed to
different in utero and postnatal environments. With that in mind, it seems even more striking that, of the
handful of cases of genetic overlap identified, most of the risk variants have directionally opposing
effects on T1DM and T2DM. These findings suggest that biological studies of one condition could still
shed some insights onto the other. However and unfortunately, the findings cast doubt on the
effectiveness of developing common treatments that would benefit both diseases.
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Polycystic ovary syndrome is transmitted via a
transgenerational epigenetic process
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Highlights

e Transmission of PCOS traits in mice occurs via an altered
DNA methylation landscape

e Metabolic- and inflammatory-related pathways are
dysregulated in models of PCOS

e Common hypomethylation signatures occur in a mouse
model of PCOS and in humans

e Identification of a novel epigenetic-based therapeutic
strategy for PCOS

) Mimouni et al., 2021, Cell Metabolism 33, 513-530

Updates

https://doi.org/10.1016/j.cmet.2021.01.004
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In Brief

Polycystic ovary syndrome (PCOS) is the
most common female reproductive and
metabolic disorder, but its pathogenesis
is still unknown. Here, Mimouni, Paiva

et al. report that in mice, transmission of
PCOS-like traits to multiple generations
occurs via an altered landscape of DNA
methylation and transcriptome
expression. These authors also identify
methylome markers in women with PCOS
as possible diagnostic landmarks and
candidates for epigenetic-based
therapies.
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Women With Polycystic Ovary Syndrome Have
an Increased Risk of Major Cardiovascular
Events: a Population Study

Thomas R. Berni,' Christopher L. Morgan,’ and D. Aled Rees”
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School of Medicine, Cardiff University, Cardiff CF24 4HQ, UK
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Abstract

Context: The effects of polycystic ovary syndrome (PCOS) on cardiovascular morbidity
and mortality are unclear.

Objective: This work aims to establish the relative risk of myocardial infarction (Ml),
stroke, angina, revascularization, and cardiovascular mortality for women with PCOS.
Methods: Data were extracted from the Clinical Practice Research Datalink Aurum
database. Patients with PCOS were matched to controls (1:1) by age, body mass index
(BMI) category, and primary care practice. The primary outcome was the time to major
adverse cardiovascular event (MACE); a composite end point incorporating MI, stroke,
angina, revascularization and cardiovascular mortality. Secondary outcomes were the
individual MACE end points.

Results: Of 219 034 individuals with a diagnosis of PCOS, 174 660 (79.7%) met the
eligibility criteria and were matched. Crude rates of the composite end point, MI, stroke,
angina, revascularization, and cardiovascular mortality were respectively 82.7, 22.7, 27.4,
32.8, 10.5, and 6.97 per 100 000 patient-years for cases, and 64.3, 15.9, 25.7, 19.8, 7.13,
and 7.75 per 100 000 patient-years for controls. In adjusted Cox proportional hazard
models (CPHMs), the hazard ratios (HRs) were 1.26 (95% Cl, 1.13-1.41), 1.38 (95% ClI, 1.11-
1.72), 1.60 (95% CI, 1.32-1.94), and 1.50 (95% CI, 1.08-2.07) for the composite outcome,
MI, angina, and revascularization, respectively. In a time-dependent CPHM, weight gain
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N
(HR 1.01; 1.00-1.01), prior type 2 diabetes mellitus (T2DM) (HR 2.40; 1.76-3.30), and social The Journal of Clinical Endocrinology & Metabolism, 2021, Vol. 106, No. 10, 3019-3033 =“
deprivation (HR 1.53; 1.11-2.11) increased risk of progression to the composite end point. doi:10.1210/clinem/dgab08

Conclusion: The risk of incident MI, angina, and revascularization is increased in young Clinical Research Article
women with PCOS. Weight and T2DM are potentially modifiable risk factors amenable to

ENDOCRINE
SOCETY

intervention.

Key Words: polycystic ovary syndrome, cardiovascular diseases, mortality, angina, myocardial infarction, stroke

Polycystic ovary syndrome (PCOS), the most common
endocrine condition affecting young women, is charac-
terized by hyperandrogenism, menstrual disturbance, and
subfertility. In addition to its well-recognized reproductive
sequelae, PCOS is now established as a metabolic disorder
underpinned by defects in insulin secretion and action. We
and others have confirmed that these lead to an increased
risk of type 2 diabetes mellitus (T2DM) (1).

In addition to insulin resistance, women with PCOS dis-
play a range of metabolic and vascular risk factors, including
central obesity (2), hypertension (3), and dyslipidemia (4),
which are commonly present at a young age. Studies have
shown that surrogate markers of cardiovascular risk are
increased in patients with PCOS, including carotid intima
media thickness (5), endothelial dysfunction (6), coronary
artery calcification (7), and arterial stiffness (8). However,
whether these disturbances lead to an increased risk of vas-
cular events and mortality is still unknown. A substudy of
the Women’s Ischemia Evaluation Study demonstrated that
women with PCOS had a higher prevalence of multivessel
cardiovascular disease (CVD), and significantly lower car-
diovascular event-free survival, than controls (9), results
that were later retracted because of a failure to replicate
these findings (10) but that have been included in previous
meta-analyses (11, 12). Other population-based studies
have been limited by comparatively small sample sizes
and/or a failure to adjust for important confounders such
as obesity (13-20). We (1) and others (21, 22) have pre-
viously failed to show an increased risk of cardiovascular
events in women with PCOS, although these studies were
likely underpowered because the crude incidence of cardio-
vascular and cerebrovascular events in this young female
population is low. Longer-term population-based studies
with a large sample size are therefore needed to clarify
these risks further.

To address these uncertainties, we reexplored vascular
outcomes in women with PCOS in a large primary care
research database in the United Kingdom, with a view to
exploiting the greater power offered by recent extension
of this data set to provide coverage of the population on a
much larger scale.

ENAOKPINOAOT IA - AIABHTOAQTIA - METABOAIEMOX €V6 )

Materials and Methods

This was a retrospective cohort study using primary care
data from the Clinical Practice Research Datalink (CPRD)
Aurum database, a longitudinal, anonymized research data-
base derived from 883 primary care practices in England.
CPRD Aurum contains records for more than 28 million
patients and is representative of the English population
in terms of age, sex, and deprivation (23). Approximately
70% of practices participate in a linkage scheme, by which
their patient records are linked to other data sources,
including the Hospital Episode Statistics (HES) data set,
which provides data on all inpatient and outpatient con-
tacts occurring within National Health Service hospitals in
the United Kingdom, and the Office for National Statistics
(ONS) mortality data set. HES and ONS data are available
for patients participating in the linkage scheme outside the
period of primary care registration.

Diagnostic information in CPRD Aurum is recorded
using a combination of SNOMED CT (UK Edition) and
Read code classification, a UK primary-care practice
standard. Diagnoses in HES and ONS data are recorded
using the 10th revision of the International Statistical
Classification of Diseases and Related Health Problems
classification (ICD-10). Surgical procedures in HES are re-
corded using the OPCS Classification of Interventions and
Procedures version 4 (OPCS-4) classification.

Patient Selection and Matching of Controls

The study was undertaken using data from CPRD Aurum
and linked HES and ONS mortality data sets. This study
included patients identified by CPRD as being of an accept-
able research quality (23), who were identified by diagnosis
codes both from CPRD Aurum and HES, and who were
eligible for linkage to the secondary care data. Patients
with a diagnosis of PCOS, recorded in the primary-care
data set using SNOMED codes and from HES by ICD-
10 code E0.28.2, from 1998 to 2017 were selected. The
earliest diagnosis date was selected as the index date and
only women aged 18 years or older were included.
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Exenatide, Dapagliflozin, or Phentermine/
Topiramate Differentially Affect Metabolic
Profiles in Polycystic Ovary Syndrome

Karen E. Elkind-Hirsch,"? N. Chappell,’ Ericka Seidemann,’ John Storment,?
and Drake Bellanger?

'Woman's Hospital Research Center, Woman’s Hospital, Baton Rouge, Louisiana 70817, USA; 2Woman'’s
Weight Loss and Metabolic Clinic, Woman'’s Hospital, Baton Rouge, Louisiana 70817, USA; and *Fertility
Answers, Woman'’s Hospital, Baton Rouge, Louisiana 70817, USA

ORCiD number: 0000-0003-3577-4009 (K. E. Elkind-Hirsch).

Abbreviations: AE, adverse event; AGR, android-to-gynoid fat ratio; BMI, body mass index; BP, blood pressure; BW, body
weight; CHOL, cholesterol; DAPA, dapagliflozin; DBP, diastolic blood pressure; DHEA-S, dehydroepiandrosterone sulfate;
DXA, dual-energy x-ray absorptiometry; EQW, exenatide; FAI, free androgen index; GLP1, glucagon-like peptide-1; GLP-
1RA, glucagon-like peptide-1 receptor agonist; HDL-C, high-density lipoprotein cholesterol; IGl, insulinogenic index; IS-SI,
insulin secretion—sensitivity index; LDL-C, low-density lipoprotein cholesterol; MBG, mean blood glucose; MET, extended-
release metformin; OGTT, oral glucose tolerance test; PCOS, polycystic ovary syndrome; PG, plasma glucose; PHEN/TPM,
phentermine topiramate extended release; SBP, systolic blood pressure; SGLT2i, sodium—glucose cotransporter 2 inhibitors;
SHBG, sex hormone-binding globulin; Sl ..., Matsuda’s insulin sensitivity index; T2DM, type 2 diabetes mellitus; TBF, total
body fat; TFM, total fat mass; TLR, trunk-to-leg fat ratio; TRG, triglycerides; TSH, thyrotropin; TT, total testosterone; WC,
waist circumference; WHR, waist-to-hip ratio; WHtR, waist-to-height ratio; XR, extended release.
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Abstract

Context: Glucagon-like peptide-1 receptor agonists and sodium-glucose cotransporter-2
inhibitors reduce weight and improve insulin sensitivity via different mechanisms.
Objective: The efficacy of once-weekly exenatide (EQW) and dapagliflozin (DAPA) alone
and coadministered (EQW/DAPA), DAPA/extended-release (ER) metformin (DAPA/MET),
and phentermine topiramate extended release (PHEN/TPM) on metabolic parameters,
body composition, and sex hormones were examined in obese women with PCOS.
Methods: Nondiabetic women (n = 119; aged 18-45 years) with a body mass index (BMI)
greater than 30 and less than 45 and polycystic ovary syndrome (National Institutes
of Health criteria) were randomly assigned in a single-blinded fashion to EQW (2 mg
weekly); DAPA (10 mg daily), EQW/DAPA (2 mg weekly/10 mg daily), DAPA (10 mg)/MET
(2000 mg XR daily), or PHEN (7.5 mg)/TPM (46 mg ER daily) treatment for 24 weeks.
Study visits at baseline and 24 weeks included weight, blood pressure (BP), waist (WC)
measures, and body composition evaluated by dual-energy x-ray absorptiometry (DXA).
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Oral glucose tolerance tests were conducted to assess glycemia and mean blood glucose
(MBG), and compute insulin sensitivity (Sl) and secretion (IS) measures. Sex steroids,
free androgen index (FAI), and lipid profiles were measured in the fasting sample.
Results: EQW/DAPA and PHEN/TPM resulted in the most loss of weight and total body
fat by DXA, and WC. Despite equivalent reductions in BMI and WC with PHEN/TPM, only
EQW/DAPA and EQW resulted in significantimprovements in MBG, Sl, and IS. Reductions
in fasting glucose, testosterone, FAI, and BP were seen with all drugs.

Conclusion: Dual therapy with EQW/DAPA was superior to either alone, DAPA/MET and
PHEN/TPM in terms of clinical and metabolic benefits in this patient population.

Key Words: SGLT2 inhibitor, GLP1 agonist, obesity, weight loss, insulin resistance, PCOS

Polycystic ovary syndrome (PCOS) is one of the most
common gynecological disorders, and it arises from multi-
factorial contributions including genetic, epigenetic, and
environmental factors (1-3). The growing body of evi-
dence linking PCOS to an inherited resistance to insulin
action, aggravated by lifestyle problems such as obesity,
poor diet, and physical inactivity has led to trials of dia-
betic therapies in patients with PCOS (4-6). Currently, a
number of antidiabetes medications have been approved
that facilitate weight loss and improve the underlying in-
sulin resistance. Glucagon-like peptide-1 (GLP-1) agonists
(GLP-1RAs) comprise a novel class of antidiabetic medica-
tions with multiple beneficial metabolic effects, including
glucose-dependent stimulation of insulin secretion (IS),
suppression of postprandial glucagon, inhibition of glu-
cose production, enhanced glucose disposal, and slowing
of gastric emptying in patients with type 2 diabetes mel-
litus (T2DM) (7). In addition to improving glucose toler-
ance, this class of drugs enhances satiety and weight loss.
There are a limited number of studies that have evaluated
the effect of GLP-1RAs in individuals without diabetes. In
a 160-week study, 2254 prediabetic participants were ran-
domly assigned to receive the GLP-1RA liraglutide vs pla-
cebo; liraglutide induced greater weight loss than placebo at
week 160 (-6% vs =1.9%) in individuals with prediabetes
(8). Clinical trials of GLP-1RA therapy in the treatment of
excess body weight (BW) in women with PCOS showed
that both liraglutide and exenatide were effective in weight
reduction either as monotherapy or in combination with
metformin (MET) (9, 10). Elkind-Hirsch et al further dem-
onstrated that exenatide treatment significantly improved
first-phase insulin responses to oral glucose administration
in obese PCOS women (10). However, while GLP-1RAs
have been associated with moderate weight loss, their use
is limited by the need for administration by injection and
gastrointestinal side effects.

Another newly approved class of glucose-lowering
medications, sodium-glucose cotransporter 2 inhibitors
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(SGLT2i) afford modest weight loss. These agents can be
administered orally and increase glycosuria, which also
produces an osmotic diuresis that, in part, contributes to
blood pressure (BP) reduction and calorie loss leading to
weight loss. These drugs have been shown to be effective
when used as monotherapy and as add-on therapy to
other diabetes medications (12). Studies of these agents
in the prediabetic population have been quite limited.
A 12-week, randomized, controlled trial was performed
with dapagliflozin (DAPA) at a dose of 10 mg daily in 24
individuals with metabolic syndrome that demonstrated
significant decreases in BW, body mass index (BMI), waist
circumference (WC), fasting glucose, and uric acid (13). In
another study of obese adults without diabetes, DAPA plus
once-weekly exenatide (EQW) dual therapy produced sus-
tained reductions in BW, prediabetes, and systolic blood
pressure (SBP) over 52 weeks (14). Studies of these drugs
in PCOS patients are also limited. In a recent trial there
was improvement in anthropometric parameters and body
composition in overweight and obese women with PCOS
after 12 weeks of treatment with the SGLT2i empagliflozin
compared to MET, although no changes were seen in hor-
monal or metabolic parameters (15). An advantage of the
SGLT2i over existing treatments is the weight loss seen
with SGLT2i is similar to that seen with GLP-1RAs, and
may be more acceptable because they are oral agents.

In the present study we measured the effects of 24 weeks
of treatment with EQW once-weekly and DAPA (dual
therapy or each alone), combination DAPA/MET extended
release (XR) (DAPA/MET), and phentermine topiramate
XR (PHEN/TPM) on metabolic profiles and body compos-
ition in obese, nondiabetic women with PCOS. The poten-
tial therapeutic effects of EQW/DAPA, EQW, DAPA, and
DAPA/MET have never been evaluated in the subpopulation
of obese nondiabetic women with PCOS. This is the first re-
port comparing the efficacy of a GLP-1RA and SGLT2i, in
combination and alone, SGLT2i plus MET vs a comparator
weight loss medication in this patient population.
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Polycystic Ovary Syndrome and Risk of Type 2 Diabetes,
Coronary Heart Disease, and Stroke
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Polycystic ovary syndrome (PCOS) has been associated
with diabetes and cardiovascular disease; however,
whether the relationship is causal is uncertain. We con-
ducted a two-sample Mendelian randomization study to
investigate the associations of PCOS with type 2 diabe-
tes, coronary heart disease (CHD), and stroke. Associ-
ation between PCOS and diabetes risk was examined in
European and Asian cohorts, both sex specific and sex
combined. Causal effects of PCOS on risks of CHD and
stroke were evaluated in European cohorts. Stroke was
analyzed as any stroke as well as four subtypes of stroke
(ischemic, large artery, cardioembolic, small vessel). We
found no association of genetically predicted PCOS with
risk of diabetes, CHD, or stroke. This suggests that PCOS
in and of itself does not increase the risk of these out-
comes. Other features of PCOS (obesity, elevated tes-
tosterone, low sex hormone binding globulin) may
explain the association between PCOS and cardiometa-
bolic diseases. In light of these results, efforts to prevent
cardiometabolic complications in PCOS should focus on
women with high-risk features rather than all women
with PCOS.

Polycystic ovary syndrome (PCOS) is one of the most
common endocrinopathies in women of reproductive age.
PCOS has been associated with significant adverse health
conditions including obesity, diabetes, dyslipidemia, car-
diovascular disease (CVD), sleep apnea, depression, and
nonalcoholic fatty liver disease. A key question is whether
these associations represent causal relationships. Such
knowledge is critical to efforts to prevent morbidity in
women with PCOS. The fact that PCOS is a syndrome
with multiple features complicates efforts to establish
causality between PCOS and adverse outcomes because

individual features may contribute differentially to
outcomes.

Observational epidemiologic studies do not establish
causality because the relationship between two conditions
may be driven by confounding factors or reverse causality.
To avoid these pitfalls, investigators have used genetics to
address questions of causality. In Mendelian randomiza-
tion (MR), a risk factor or exposure is represented by
genetic variants for that factor, which are then used in
instrument variable analysis to yield unconfounded evi-
dence to support causality of the exposure with an out-
come of interest. Completion of genome-wide association
studies (GWAS) of PCOS in Asian and European origin
cohorts (1-5) has made MR possible for analysis of the
relationship between PCOS and various traits and diseases.
Recent MR studies suggested that obesity, age of meno-
pause, insulin resistance/hyperinsulinemia, sex hormone
binding globulin (SHBG) levels, and depression may be
causal risk factors for PCOS (2,3).

A major focus in PCOS concerns its relationship with
cardiometabolic diseases. Experts in the field generally
agree that PCOS is a risk factor for type 2 diabetes, largely
based on a substantial literature documenting that insulin
resistance is frequent in women with PCOS. While obese
women with PCOS consistently have greater insulin re-
sistance than BMI-matched control subjects, some studies
but not others find that this is also the case for nonobese
PCOS (6,7). A meta-analysis of euglycemic-hyperinsulinemic
clamp studies concluded that women with PCOS are nearly
30% less insulin sensitive than control subjects, indepen-
dent of BMI but exacerbated by higher BMI and lower
SHBG (8). Several observational studies have found higher
rates of diabetes in women with PCOS versus unaffected
control subjects. A meta-analysis of these studies found
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increased prevalent impaired glucose tolerance (odds ratio
[OR] 3.26, 95% CI 2.17-4.90) and diabetes (OR 2.87, 95%
CI 1.44-5.72) in women with PCOS (9). Whether PCOS
also predisposes to coronary heart disease (CHD) and
stroke is less certain, given the lack of large long-term
studies following women with PCOS into older age, during
which CVD events mainly occur. Meta-analyses of available
case-control and cohort studies suggest that PCOS may
increase the risk of CHD (OR 1.44, 95% CI 1.13-1.84) and
stroke (OR 1.36, 95% CI 1.09-1.70), though risk estimates
decrease with adjustment for BMI (10,11). Given the high
clinical relevance of these questions, we carried out two-
sample MR analyses to determine whether genetically
increased risk of PCOS leads to an increased risk of type
2 diabetes, CHD, or stroke.

RESEARCH DESIGN AND METHODS

Instrumental Variables (Genetic Variants Associated
With PCOS)

In a GWAS meta-analysis of PCOS consisting of 10,074
PCOS case and 103,164 control subjects of European
ancestry, 14 independent single nucleotide polymorphisms
(SNPs) were reported to be associated with PCOS risk at
the genome-wide significance level (P < 5 X 1078 (2). Of
the 14 SNPs, all were included to construct the genetic
instrument for PCOS except SNP rs853854, because it is
a palindromic SNP (A/T) with an effect allele frequency
close to 50% (12). We included another independent SNP
(rs2349415), which was initially identified in Chinese
PCOS GWAS (4) and was significantly associated with
PCOS in the European PCOS meta-analysis (2). There-
fore, 14 SNPs in total were included in our instrument
for PCOS in Europeans (Table 1).

SNPs associated with PCOS in Asians were selected
from two PCOS GWAS conducted in cohorts of Han
Chinese ancestry (1,4). The GWAS by Chen et al. (1)
consisted of 4,082 PCOS case and 6,687 control subjects
and identified three independent SNPs strongly associ-
ated with PCOS. The GWAS of Shi et al. (4) including
10,480 case and 10,579 control subjects discovered 10
novel PCOS-associated SNPs. In total, 13 independent
SNPs were used as instrumental variables for PCOS in
Asians (Table 2).

We applied the F statistic to measure the strength of
the instrument variables, with values >10 reflecting
strong instruments (13). The 14-SNP instrument for
PCOS in Europeans had an F statistic of 39.5, and the
13-SNP instrument for PCOS in Asians had an F statistic
of 66.6.

Outcome Data Sources (GWAS of Diabetes, CHD, and
Stroke)

Summary-level data, both sex combined and sex stratified,
for type 2 diabetes GWAS in Europeans were obtained
from the DIAbetes Meta-ANalysis of Trans-Ethnic associ-
ation studies (DIAMANTE) consortium, which included
74,124 case and 824,006 control subjects of European
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ancestry (14). We obtained GWAS summary data on type
2 diabetes in Asians from the Asian Genetic Epidemiol-
ogy Network (AGEN) consortium with 77,418 case and
356,122 control subjects of East Asian ancestry (15).

Genetic association data on CHD were acquired from
the CHD GWAS meta-analysis of the UK Biobank (UKBB)
with the Coronary ARtery DIsease Genome wide Replica-
tion and Meta-analysis (CARDIoGRAM) plus the Coronary
Artery Disease (C4D) Genetics (CARDIoGRAMplusC4D)
consortium, which encompassed 34,541 CHD case and
261,984 control subjects from UKBB and 88,192 case and
162,544 control subjects from CARDIoGRAMplusC4D, of
whom ~90% were of European origin (16).

Summary statistics on stroke and stroke subtypes used
in the current study were from the MEGASTROKE con-
sortium including 40,585 case and 406,111 control sub-
jects of European ancestry (17). We evaluated five sets of
stroke subtypes, including any stroke, any ischemic stroke,
large artery stroke, cardioembolic stroke, and small vessel
stroke. Details of the studies included in our analysis are
shown in Table 3.

Statistical Analysis

Associations of PCOS with risks of CHD and stroke were
examined in European cohorts only. Association of PCOS
with diabetes risk was evaluated in both European and
Asian cohorts, both sex stratified and sex combined. MR
analyses in Europeans were conducted with the 14-SNP
instrument for PCOS in Europeans, while MR analyses in
Asians were carried out with the 13-SNP instrument for
PCOS in Asians.

Primary MR analyses were conducted with the inverse
variance weighted (IVW) method with random effects
(18). For each SNP, the ratio estimate of the causal effect
of an exposure (herein, PCOS) on an outcome is the ratio
of the effect of the SNP on the outcome over the effect of
the SNP on the exposure. In IVW, the overall estimate is
generated via [IVW meta-analysis of the ratio estimates
of all variants in the set of instrument variables. Given
that the IVW method may be affected by directional
pleiotropy (where a genetic variant affects the outcome
through a pathway other than the exposure), we per-
formed sensitivity analyses using MR-Egger (19) and
weighted median methods (20) to check for robustness
of the estimates from the IVW method. MR-Egger can
detect and correct for the bias due to directional pleio-
tropy because it allows a nonzero intercept and pro-
vides a consistent estimate of the causal effect under
the InSIDE (Instrument Strength Independent of Direct
Effect) assumption (the genetic associations with the
exposure are independent of the direct effects of the
genetic variants on the outcome) (19). The weighted
median approach can provide a consistent causal effect
estimate as long as at least 50% of the information
contributing to the analysis comes from valid instru-
mental variables (20). Furthermore, we tested the het-
erogeneity of the causal estimates using Cochran Q test
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Anti-MUllerian Hormone in PCOS: A Review

Informing International Guidelines
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Polycystic ovary syndrome (PCOS) affects 8-13% of women. The Rotterdam di-
agnostic criteria include polycystic ovarian morphology (PCOM) on ultrasound,
but given recognized challenges, serum anti-Mdllerian hormone (AMH) is pro-
posed as an alternative. To inform international PCOS guidelines, a systematic
review was completed. Key identified gaps include large international studies
in well-defined populations across the lifespan, clustering of AMH with PCOS
features, relationships to long-term health outcomes, and improved quality,
assay standardization, and sample handling, all needed to determine cut offs.
Here we identify research priorities to address these gaps and enhance AMH
utility in PCOS. Once issues are addressed, AMH levels could replace more
costly and less accessible ultrasound in PCOS diagnosis.

Challenges in Ultrasound PCOM Detection

PCOS is the most common endocrine disorder affecting women of reproductive age, with a re-
ported prevalence of 8-13% [1-5]. The condition is heterogeneous [6] and women may present
with reproductive, endocrine, metabolic, and psychosocial symptoms, which vary across their
lifespan [7]. The Rotterdam criteria require that women fulfil two of the following three criteria to
be diagnosed with PCOS: oligo- or anovulation, clinical and/or biochemical signs of
hyperandrogenism, and/or polycystic ovaries on ultrasound [8—10], with the exclusion of other
relevant disorders.

Within the diagnostic criteria, PCOM on ultrasonography is defined by either total ovarian volume
or follicle number per ovary (FNPO). Original cut offs for PCOM were based on limited evidence
[11] and were recently revised in the new international PCOS guidelines, while also highlighting
the controversy and challenges with this criterion [1-4]. Determining FNPO is operator and equip-
ment dependent, limiting accuracy and reproducibility. Equipment advances increase sensitivity
and in turn FNPO counts [1-4]. Ultrasound involves expensive equipment and trained personnel,
leading to increasing costs and impacting accessibility. The ultrasound approach
(transabdominal or transvaginal) impacts accuracy, and in some women transvaginal ultrasound
is unacceptable or may be perceived as invasive. Multifollicular appearance on ultrasound over-
laps with PCOM diagnostic cut offs especially in adolescents, while in older women with PCOS
cut-off values might be considerably lower [11]. Recent international PCOS guidelines now rec-
ommend against using ultrasound in PCOS diagnosis within 8 years of menarche and call for
greater accuracy in PCOS diagnostic criteria worldwide [1-4].

AMH as a Potential Alternative to Ultrasound PCOM Detection
AMH is a polypeptide of the transforming growth factor beta (TGF[3) family, solely secreted by
granulosa cells of the pre-antral and small antral ovarian follicles [12]. AMH has been shown in
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Abstract: SARS-CoV-2, the causative agent of COVID-19, infects host cells using the angiotensin I
converting enzyme 2 (ACE2) as its receptor after priming by host proteases, including TMPRSS2.
COVID-19 affects multiple organ systems, and male patients suffer increased severity and mortality.
Polycystic Ovary Syndrome (PCOS) is the most common endocrine disorder in reproductive-age
women and is characterized by hyperandrogenism, ovulatory dysfunction, and polycystic ovarian
morphology. PCOS is associated with obesity and cardiometabolic comorbidities, both being risk
factors associated with severe COVID-19 pathology. We hypothesize that elevated androgens in
PCOS regulate SARS-CoV-2 entry proteins in multiple tissues increasing the risk for this population.
Female mice were treated with dihydrotestosterone (DHT) for 90 days. Body composition was
measured by EchoMRI. Fasting glucose was determined by an enzymatic method. mRNA and
protein levels of ACE2, Tmprss2, Cathepsin L, Furin, Tmprss4, and Adam17 were quantified by
RT-qPCR, Western-blot, or ELISA in tissues, serum, and urine. DHT treatment increased body weight,
fat and lean mass, and fasting glucose. Ace2 mRNA was upregulated in the lung, cecum, heart,
and kidney, while downregulated in the brain by DHT. ACE2 protein was upregulated by DHT in
the small intestine, heart, and kidney. The SARS-CoV-2 priming proteases Tmprss2, Cathepsin L,
and Furin mRNA were upregulated by DHT in the kidney. ACE2 sheddase Adam17 mRNA was
upregulated by DHT in the kidney, which corresponded with increased urinary ACE2 in DHT treated
mice. Our results highlight the potential for increased cardiac, renal, and gastrointestinal dysfunction
in PCOS women with COVID-19.

Keywords: SARS-CoV-2; COVID-19; Polycystic Ovary Syndrome; androgens; angiotensin I convert-
ing enzyme 2; androgen receptor

1. Introduction

The continuing COVID-2019 pandemic, caused by the Severe Acute Respiratory Syn-
drome Coronavirus 2 (SARS-CoV-2), was declared a public health emergency by the World
Health Organization in January 2020. The SARS-CoV-2 virus has caused a global pandemic
reaching over 215 countries and led to over 110 million cases. Until the most recent SARS-
CoV-2 emergence, only two human coronaviruses had emerged in recent years. The 2002
SARS-CoV, which shares a 76% amino acid sequence homology to SARS-CoV-2, had a
10% case fatality rate and originated in China. Secondly, 2012 Middle East Respiratory
Syndrome Coronavirus (MERS-CoV) had a case-fatality rate of 35% and originated from the
Middle East [1]. Most known human betacoronaviruses primarily infect the nasopharynx,
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Abstract

Objective: Several recent observational studies have linked metabolic comorbidities to an increased risk from COVID-
19. Here we investigated whether women with PCOS are at an increased risk of COVID-19 infection.

Design: Population-based closed cohort study between 31 January 2020 and 22 July 2020 in the setting of a UK primary
care database (The Health Improvement Network, THIN).

Methods: The main outcome was the incidence of COVID-19 coded as suspected or confirmed by the primary care
provider. We used Cox proportional hazards regression model with stepwise inclusion of explanatory variables

(age, BMI, impaired glucose regulation, androgen excess, anovulation, vitamin D deficiency, hypertension, and
cardiovascular disease) to provide unadjusted and adjusted hazard risks (HR) of COVID-19 infection among women
with PCOS compared to women without PCOS.

Results: We identified 21 292 women with a coded diagnosis of PCO/PCOS and randomly selected 78 310 aged and
general practice matched control women. The crude COVID-19 incidence was 18.1 and 11.9 per 1000 person-years
among women with and without PCOS, respectively. Age-adjusted Cox regression analysis suggested a 51% higher risk
of COVID-19 among women with PCOS compared to women without PCOS (HR: 1.51 (95% Cl: 1.27-1.80), P < 0.001).
After adjusting for age and BMI, HR reduced to 1.36 (1.14-1.63)], P = 0.001. In the fully adjusted model, women with
PCOS had a 28% increased risk of COVID-19 (aHR: 1.28 (1.05-1.56), P = 0.015).

Conclusion: Women with PCOS are at an increased risk of COVID-19 infection and should be specifically encouraged to
adhere to infection control measures during the COVID-19 pandemic.

Significance statement: Women with polycystic ovary syndrome (PCOS) have an increased risk of cardio-metabolic
disease, which have been identified as a risk factor for COVID-19. To investigate whether the increased metabolic

risk in PCOS translates into an increased risk of COVID-19 infection, we carried out a population-based closed cohort
study in the UK during its first wave of the SARS-CoV-2 pandemic (January to July 2020), including 21 292 women with
PCOS and 78 310 controls matched for sex, age and general practice location. Results revealed a 52% increased risk of
COVID-19 infection in women with PCOS, which remained increased at 28% above controls after adjustment for age,
BMI, impaired glucose regulation and other explanatory variables.
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STUDY QUESTION: Are children of mothers with polycystic ovary syndrome (PCOS) or anovulatory infertility at increased risks of obe-
sity or diabetes?

SUMMARY ANSWER: Maternal PCOS/anovulatory infertility is associated with an increased risk of offspring obesity from early age and
diabetes in female offspring from late adolescence.

WHAT IS KNOWN ALREADY: Women with PCOS often have comorbid metabolic disorders such as obesity and diabetes, and chil-
dren of mothers with PCOS have an increased risk of subtle signs of cardiometabolic alterations.

STUDY DESIGN, SIZE, DURATION: This was a nationwide cohort study of all live births (n=1 105 997) during 1996-2014 in
Finland, excluding those with maternal diagnoses sharing signs and symptoms with PCOS (n = 8244). A total of | 097 753 births were in-
cluded and followed up until 3| December 2018.

PARTICIPANTS/MATERIALS, SETTING, METHODS: National registries were linked to identify births with maternal PCOS or
anovulatory infertility (n =24 682). The primary outcomes were diagnoses of obesity (ICD-10: E65, E66) and diabetes (ICD-10: EI0-E|4)
in offspring recorded in the Finnish Care Register for Health Care. Cox proportional hazards regression was modeled to analyze the risk
of offspring obesity and diabetes in relation to prenatal exposure to maternal PCOS/anovulatory infertility. Differently adjusted models
and stratified analyses were used to assess whether the risk was modified by maternal obesity or diabetes diagnoses, pre-pregnancy BMI,
fertility treatment or perinatal problems.

MAIN RESULTS AND THE ROLE OF CHANCE: Exposure to maternal PCOS/anovulatory infertility was associated with a higher
cumulative incidence of obesity in the children (exposed: 1.83%; 95% Cl 1.66-2.00% vs unexposed: 1.24%; 95% ClI 1.22—1.26%).
Accounting for birth factors and maternal characteristics such as obesity and diabetes diagnoses, the hazard ratio (HR) for obesity was in-
creased in offspring below 9 years of age (HR 1.58; 95% CI 1.30—1.81), and in those 10—|6years of age (HR 1.37; 95% CI [.19-1.57), but
not in those aged |7-22years (HR [.24; 95% CI 0.73-2.11). Sex-stratified analyses revealed similar risk estimates for boys (HR 1.48; 95%
Cl 1.31-1.68) and girls (HR 1.45; 95% CI 1.26—1.68). Notably, the joint effect of PCOS/anovulatory infertility and BMI-based pre-preg-
nancy obesity on offspring obesity (HR 8.89; 95% Cl 7.06—11.20) was larger than that of either PCOS/anovulatory infertility or obesity
alone. Furthermore, PCOS/anovulatory infertility was associated with offspring obesity in children without perinatal problems (HR [.27;
95% Cl 1.17—1.39), with larger effect size for maternal PCOS/anovulatory infertility and joint perinatal problems (HR 1.61; 95% CI 1.35—

© The Author(s) 2021. Published by Oxford University Press on behalf of European Society of Human Reproduction and Embryology.
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[.91). However, the risk estimates were comparable between maternal PCOS/anovulatory infertility with (HR 1.54; 95% CI |.17-2.03)
and without fertility treatment (HR 1.46; 95% CI 1.32—1.61). For offspring diabetes, the HR was increased only between |7 and 22 years
of age (HR 2.06; 95% Cl 1.23-3.46), and specifically for Type | diabetes in females (HR 3.23; 95% CI 1.41-7.40).

LIMITATIONS, REASONS FOR CAUTION: The prevalence of PCOS/anovulatory infertility in this study was 2.2%, lower than that
reported in previous studies. In addition, the incidence of obesity in offspring was lower than that reported in studies based on measured
or self-reported weight and height and may include mainly moderate and severe obesity cases who needed and/or actively sought medical
care. Moreover, mothers with PCOS/anovulatory infertility were identified based on ICD codes, with no information on PCOS
phenotypes. Furthermore, maternal pre-pregnancy BMI was available only from 2004. The PCOS/anovulatory infertility association with
female offspring diabetes was based on only a few cases. Mothers’ weight gain during pregnancy, use of fertility treatment other than
fresh or frozen IVF/ICSI, offspring lifestyle, as well as fathers’ age, medical disorders or medication prescriptions were not available for
this study.

WIDER IMPLICATIONS OF THE FINDINGS: These findings support that prenatal PCOS/anovulatory infertility exposure influences
metabolic health in the offspring from early age.

STUDY FUNDING/COMPETING INTEREST(S): This study was supported by Shandong Provincial Natural Science Foundation,
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Introduction

Polycystic ovary syndrome (PCOS) is a common endocrine-metabolic
disorder in reproductive-aged women, characterized by oligoovula-
tion/anovulation, clinical or biochemical hyperandrogenism, and poly-
cystic ovaries. Though women with PCOS have children as often as
women without PCOS (Joham et al., 2014), the affected women are
more likely to face fertility problems and to seek help from ART. In
addition, mothers with PCOS more often have pregnancy complica-
tions and less favorable pregnancy outcomes (Palomba et al., 2015;
Escobar-Morreale, 2018; Bahri Khomami et al., 2019). Furthermore,
PCQOS is featured by a range of metabolic dysfunctions, such as obesity
and Type 2 diabetes (Teede et al., 2018).

PCOS status, associated comorbidities and pregnancy complications,
provide a suboptimal intrauterine environment for the fetus. Together
with genetic predisposition, and in consistence with the Barker hypoth-
esis (Hales and Barker, 2001), PCOS may have implications for meta-
bolic health in offspring. A meta-analysis observed subtle signs of
altered cardiometabolic health such as increased insulin resistance
and HDL-cholesterol concentrations in PCOS-exposed offspring aged
2—17 years old (Gunning et al., 2020). In addition, cohort studies have
revealed higher post-stimulated insulin levels or hyperinsulinism in
PCOS-exposed daughters, present around puberty and persisting dur-
ing postmenarchal period (Sir-Petermann et al, 2007; Kent et dl.,
2008; Sir-Petermann et al., 2009; Crisosto et al., 2019). In male chil-
dren with PCOS exposure, heavier weight from infancy to adulthood,
and altered lipid metabolism during puberty have been reported
(Recabarren et al., 2008; Crisosto et al., 2017). Recently, a cohort
study found increased risks of PCOS diagnosis in daughters with ma-
ternal PCOS (Risal et al., 2019), but whether offspring with maternal
PCOS are more likely to develop metabolic diseases such as obesity
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and diabetes remains unknown. In the general population, perinatal
problems including preterm birth, large or small for gestational age
(SGA) have been well established as risk factors for metabolic health
(Mericq et al., 2017). Also, it was recently reported that children born
after fertility treatment were at increased risk of metabolic dysfunc-
tions (Cui et al, 2020). Whether a putative association of maternal
PCOS with offspring obesity and/or diabetes would be modified by
perinatal problems and fertility treatment, or not, is unknown.

Based on the nationwide birth cohort in Finland, this study aimed to
examine the risks of offspring obesity and diabetes until 22 years of age
in relation to maternal PCOS. The risks were assessed in both male and
female children. Differently adjusted models and stratified analyses were
performed to investigate the effects of maternal diagnosis of obesity and
diabetes, pre-pregnancy BMI, fertility treatment, and perinatal problems.

Materials and methods

Ethical statement

Study approvals were obtained from the Finnish authorities providing
the data, as well as the data protection authority (THL/1662/
5.05.00/2015, THL/1853/5.05.00/2016 and THL/1496/5.05.00/
2019). Based on regulations in Finland, informed consent was not re-
quired for analysis of anonymous data from registers.

Study population and data source

The index cases were all live births in Finland between 1996 and
2014, identified from the Drugs and Pregnancy Database (Artama
et al, 2011), originally registered in the Medical Birth Register (MBR).
Clinical diagnoses were retrieved from the Finnish Care Registers for
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Abstract

Polycystic ovary syndrome (PCOS) is one of the most common reproductive endocrine
disorders in women and despite this, diagnostic challenges, delayed diagnosis, and
less-than-optimal treatment regimens plague the condition. The International PCOS net-
work, consisting of geographically diverse international experts in PCOS as well as con-
sumers, engaged in a multi-year international evidence-based guideline development
process that was jointly sponsored by the European Society for Human Reproduction
and Embryology (ESHRE) and the American Society of Reproductive Medicine (ASRM).
The guideline was published in 2018 and endorsed by more than 40 international soci-
eties involved in PCOS. Translation of this evidence-based guideline to medical practice
and consumer groups remains a priority. However, there remain many challenges to
both understanding the diagnosis and treatment of PCOS. Evidence suggests that both
clinicians and consumers are not satisfied with the timeliness of diagnosis and treat-
ment options. This review summarizes the important findings for diagnosis and treat-
ment from the guidelines and expands on recent developments in the literature since its
publication. Special attention to diagnosis at the ends of the reproductive spectrum are
discussed and remaining areas of controversy are noted. Additionally, the review high-
lights some of the remaining challenges in the understanding and management of PCOS
to help guide clinicians and investigators in this perplexing condition.

Key Words: PCOS, pathophysiology, diagnostic criteria, metabolic disease, lifestyle intervention

Polycystic ovary syndrome (PCOS) is the most common  condition that, while extremely common, creates chal-

endocrinologic condition in women, affecting from 8% to  lenges in its diagnosis and management, as leading symp-

13% of reproductive-aged women (1, 2). It is an enigmatic toms may vary with age, and treatment may be tailored
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Anti-MUllerian Hormone in PCOS: A Review

Informing International Guidelines

Helena Teede,"* Marie Misso,' Eliza C. Tassone,' Didier Dewailly,? Ernest Hy Ng,2 Ricardo Azziz,*
Robert J. Norman,” Marianne Andersen? Stephen Franks,” Kathleen Hoeger? Samantha Hutchison,”
Sharon Oberfield,'® Duru Shah," Femke Hohmann,'? Sasha Ottey,'® Preeti Dabadghao,'* and

Joop S.E. Laven'

Polycystic ovary syndrome (PCOS) affects 8-13% of women. The Rotterdam di-
agnostic criteria include polycystic ovarian morphology (PCOM) on ultrasound,
but given recognized challenges, serum anti-Mdllerian hormone (AMH) is pro-
posed as an alternative. To inform international PCOS guidelines, a systematic
review was completed. Key identified gaps include large international studies
in well-defined populations across the lifespan, clustering of AMH with PCOS
features, relationships to long-term health outcomes, and improved quality,
assay standardization, and sample handling, all needed to determine cut offs.
Here we identify research priorities to address these gaps and enhance AMH
utility in PCOS. Once issues are addressed, AMH levels could replace more
costly and less accessible ultrasound in PCOS diagnosis.

Challenges in Ultrasound PCOM Detection

PCOS is the most common endocrine disorder affecting women of reproductive age, with a re-
ported prevalence of 8-13% [1-5]. The condition is heterogeneous [6] and women may present
with reproductive, endocrine, metabolic, and psychosocial symptoms, which vary across their
lifespan [7]. The Rotterdam criteria require that women fulfil two of the following three criteria to
be diagnosed with PCOS: oligo- or anovulation, clinical and/or biochemical signs of
hyperandrogenism, and/or polycystic ovaries on ultrasound [8—10], with the exclusion of other
relevant disorders.

Within the diagnostic criteria, PCOM on ultrasonography is defined by either total ovarian volume
or follicle number per ovary (FNPO). Original cut offs for PCOM were based on limited evidence
[11] and were recently revised in the new international PCOS guidelines, while also highlighting
the controversy and challenges with this criterion [1-4]. Determining FNPO is operator and equip-
ment dependent, limiting accuracy and reproducibility. Equipment advances increase sensitivity
and in turn FNPO counts [1-4]. Ultrasound involves expensive equipment and trained personnel,
leading to increasing costs and impacting accessibility. The ultrasound approach
(transabdominal or transvaginal) impacts accuracy, and in some women transvaginal ultrasound
is unacceptable or may be perceived as invasive. Multifollicular appearance on ultrasound over-
laps with PCOM diagnostic cut offs especially in adolescents, while in older women with PCOS
cut-off values might be considerably lower [11]. Recent international PCOS guidelines now rec-
ommend against using ultrasound in PCOS diagnosis within 8 years of menarche and call for
greater accuracy in PCOS diagnostic criteria worldwide [1-4].

AMH as a Potential Alternative to Ultrasound PCOM Detection
AMH is a polypeptide of the transforming growth factor beta (TGF[3) family, solely secreted by
granulosa cells of the pre-antral and small antral ovarian follicles [12]. AMH has been shown in
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dysfunction, and PCOS-like metabolic traits including increased body weight; white and
brown fat pad weights; fasting serum triglyceride and glucose levels, and blood glu-
cose incremental area under the curve.Treatment with a NK3R antagonist (MLE4901) did
not impact the observed reproductive defects. In contrast, following NK3R antagonist
treatment, PCOS-like females displayed decreased total body weight, adiposity, and adi-
pocyte hypertrophy, but increased respiratory exchange ratio, suggesting NK3R antag-
onism altered the metabolic status of the PCOS-like females. NK3R antagonism did not
improve circulating serum triglyceride or fasted glucose levels. Collectively, these find-
ings demonstrate that NK3R antagonism may be beneficial in the treatment of adverse
metabolic features associated with PCOS and support neuroendocrine targeting in the
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Abstract

Polycystic ovary syndrome (PCOS) is a prevalent endocrine condition characterized by
a range of endocrine, reproductive, and metabolic abnormalities. At present, manage-
ment of women with PCOS is suboptimal as treatment is only symptomatic. Clinical and
experimental advances in our understanding of PCOS etiology support a pivotal role
for androgen neuroendocrine actions in PCOS pathogenesis. Hyperandrogenism is a
key PCOS trait and androgen actions play a role in regulating the kisspeptin-/neurokinin
B-/dynorphin (KNDy) system. This study aimed to investigate if targeted antagonism of
neurokinin B signaling through the neurokinin 3 receptor (NK3R) would reverse PCOS
traits in a dihydrotestosterone (DHT)-induced mouse model of PCOS. After 3 months,
DHT exposure induced key reproductive PCOS traits of cycle irregularity and ovulatory
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development of novel therapeutic strategies for PCOS.

Key Words: hyperandrogenism, polycystic ovary syndrome (PCOS), animal model, neuroendocrine

Polycystic ovary syndrome (PCOS) is a heterogenous endo-
crine condition that affects up to 20% of women of re-
productive age (1-3). Women with PCOS can suffer from
a wide range of ill-health traits as PCOS is associated
with adverse reproductive, endocrine, metabolic, and psy-
chological features (4, 5). Using the Rotterdam criteria,
a woman is diagnosed with PCOS if she exhibits 2 of 3
features (clinical and/or biochemical hyperandrogenism,
oligo-ovulation or anovulation, and polycystic ovary
morphology [PCOM]) on ultrasound after exclusion of all
other differential diagnoses (5). PCOS is associated with
obesity, metabolic syndrome, hyperinsulinemia, insulin re-
sistance, hepatic steatosis, and dyslipidemia, and heightens
the risk of type 2 diabetes and cardiovascular disease (4,
6-8). Despite the high prevalence and significant health im-
pact of PCOS, there is no specifically approved treatment
for PCOS (9) and current treatment strategies for PCOS are
suboptimal as they rely on treatment of symptoms (5). At
present, mechanism-based treatments remain unavailable
as the etiology of PCOS remains unclear. Hence, there is a
real need for ongoing research to define the causative fac-
tors driving PCOS pathogenesis.

Hyperandrogenism represents a major feature of PCOS
(5, 10). Numerous findings support a causative role for
androgen excess acting via the androgen receptor (AR) in
driving the pathogenesis of PCOS (11, 12). Exposure of
nonhuman primates (13), sheep (14-16), and rodents (17)
to androgen excess reliably induces the development of a
range of key PCOS-like traits that closely resemble features
of human PCOS. Blockade of androgen actions by the AR
antagonist flutamide restores menstrual regularity and ovu-
lation in some women with PCOS (18), and rectifies repro-
ductive and/or metabolic traits in PCOS mouse and sheep
models (19-22). Genetically modified mice that exhibit
haplo- or complete AR insufficiency are protected against
the development of PCOS traits (23, 24). Importantly, in-
activation of AR solely in the brain protects female mice

ENAOKPINOAOTIA - AIABHTOAQT A - METABOAIEMOE. €V8 )

from developing the majority of reproductive and meta-
bolic PCOS-like traits (24, 25). This highlights the brain
as a key site at the core of PCOS pathogenesis and neuro-
endocrine AR-mediated pathways as potential targets for
the development of novel therapeutic strategies.

The key neuroendocrine aberration in women with
PCOS is increased luteinizing hormone (LH) pulse fre-
quency driven by an increase in activity of gonadotropin-
releasing hormone (GnRH) neurons in the hypothalamus
(4). GnRH neuron activity and the pattern of pulsatile
GnRH secretion are highly dependent upon homeostatic
feedback from gonadal steroid hormone signaling in the
brain. While GnRH neurons express estrogen receptor (ER)
[, they do not express AR, ERa, or progesterone receptors
(26). Hence, steroid-mediated negative feedback regula-
tion is largely facilitated through the neuronal network
that lies upstream to the GnRH neurons. The kisspeptin-/
neurokinin B-/dynorphin-expressing “KNDy” neurons
form a network that play a critical role in mediating go-
nadal steroid hormone feedback to GnRH neurons and
control episodic GnRH/LH release (27-31). It is proposed
that the colocalized KNDy peptides, in neurons of the ar-
cuate nucleus (ARC), work in concert to regulate GnRH/
LH pulse dynamics. Neurokinin B (NKB) activates local
KNDy neurons through reciprocal connections within the
ARC, promoting kisspeptin release and subsequent GnRH
neuron activation and peptide secretion, while dynorphin
plays a role in pulse termination (32). NKB can act through
several tachykinin receptors (NK1R-NK3R); however,
NK3R has the highest affinity for NKB (33). In humans,
loss of function mutation in NK3R results in pubertal delay
(34) and specific antagonism of NK3R decreases LH pulse
frequency in women (35). KNDy neurons express AR (36)
and AR-mediated actions have been shown to regulate the
KNDy system (26). Moreover, KNDy neurons in ARC of
rodents, sheep, and pigs appear to be targets for metabolic
hormones such as leptin and insulin like growth factor 1
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Abstract

Polycystic ovary syndrome (PCOS) is a common reproductive disorder characterized by
elevated androgens and antimillerian hormone (AMH). These hormones remain ele-
vated throughout pregnancy, and potential effects of hormone exposure on offspring
from women with PCOS remain largely unexplored. Expanding on recent reports of
prenatal AMH exposure in mice, we have fully characterized the reproductive conse-
guences of prenatal AMH (pAMH) exposure throughout the lifespan of first- and second-
generation offspring of both sexes. We also sought to elucidate mechanisms underlying
pAMH-induced reproductive effects. There is a known reciprocal relationship between
AMH and androgens, and in PCOS and PCOS-like animal models, androgen feedback is
dysregulated at the level of the hypothalamus. Kisspeptin neurons express androgen re-
ceptors and play a critical role in sexual development and function.We therefore hypothe-
sized that pAMH-induced reproductive phenotypes would be mediated by androgen
signaling at the level of kisspeptin cells. We tested the pAMH model in kisspeptin-specific
androgen receptor knockout (KARKO) mice and found that virtually all pAMH-induced
phenotypes assayed are eliminated in KARKO offspring compared to littermate controls.
By demonstrating the necessity of androgen receptor in kisspeptin cells to induce pAMH
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phenotypes, we have advanced understanding of the interactions between AMH and an-
drogens in the context of prenatal exposure, which could have significant implications

for children of women with PCOS.

Key Words: antimiillerian hormone, androgen receptor, kisspeptin, PCOS, prenatal hormone exposure

Polycystic ovary syndrome (PCOS) affects 1 in 10
reproductive-age women and is the most common cause
of anovulatory infertility (1). PCOS classically presents
with disrupted ovulation, polycystic ovaries, and androgen
excess. Hyperandrogenism persists throughout any preg-
nancies (2-5), with potential consequences for offspring.
Daughters from women with PCOS have a 5-fold increased
risk for developing PCOS themselves (6), and sons have
been shown to have altered hormones during puberty (7,
8). Since loci identified by PCOS genome-wide association
studies account for less than 10% of disease heritability (9)
and more than 20% of the variation observed in PCOS can
be explained by environmental factors (10), nongenetic in-
fluences such as altered gestational hormones could confer
risk to offspring.

In addition to the characteristic increase in androgens,
antimiillerian hormone (AMH) levels have been found to cor-
relate with the severity of clinical manifestations of PCOS,
including signs of hyperandrogenism (11-14), and genetic
studies in PCOS women have identified associations between
androgen levels and polymorphisms in the genes encoding
AMH and its ligand-binding receptor, AMHR2 (15-17). In
PCOS patients, ovarian follicles are arrested at a stage in fol-
licular development when AMH production is highest (18),
and each individual follicle produces more AMH than follicles
from healthy controls (19). AMH levels in follicular fluid and
serum are at least 5- and 3-fold higher, respectively, in PCOS
women (20-22). These increased AMH levels remain elevated
into the second trimester of pregnancy and at term (23, 24).
The effects of prenatal AMH exposure on offspring have yet
to be fully examined.

Although AMH is clearly dysregulated in PCOS, only
one group has explored the effects of prenatal AMH
(pPAMH) exposure thus far (23, 25). In mice, periph-
eral administration of AMH late in gestation resulted in
marked reproductive disruptions in female offspring (23).
pPAMH females showed delayed puberty and disrupted
early estrous cycling, as well as alteration at all levels of
the hypothalamic-pituitary-gonadal (HPG) axis. pAMH-
induced reproductive phenotypes are transgenerational,
with second- and third-generation females also affected
(25). However, initial investigations did not examine time
points beyond puberty and early adulthood. Assessments of
late adulthood are especially relevant because in utero an-
drogen exposure results in altered reproductive senescence
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in mice (26). Further, possible consequences to pAMH male
offspring have not been explored, and underlying patho-
physiological mechanisms have yet to be fully elucidated.

One proposed pathway for pAMH-induced reproductive
effects is AMH action at the level of the hypothalamus to ac-
tivate the HPG axis and favor excess androgen production
(23). Although peripherally administered AMH does not cross
the placenta, it does alter maternal serum hormones and pla-
cental gene expression to create an androgenic environment
in utero (23). Prenatal androgen excess in mice contributes
to the development of PCOS-like reproductive features (26-
29). pAMH phenotypes can be reversed and prevented with
a gonadotropin-releasing hormone (GnRH) antagonist (23),
further suggesting a central, androgen-mediated mechanism.
However, the contribution of androgens to pAMH-induced
phenotypes has not been directly tested.

Because GnRH neurons do not express androgen re-
ceptors (ARs), androgens would act upstream, possibly on
hypothalamic kisspeptin neurons. Kisspeptin neurons in
the arcuate nucleus (ARC) of the hypothalamus are con-
sidered the pacemakers of pulsatile GnRH release (30) and
are critical for normal sexual maturation and function (31).
Normally, androgens negatively feed back to the hypo-
thalamus by binding to AR in ARC kisspeptin neurons,
decreasing kisspeptin expression and suppressing lutein-
izing hormone (LH) pulses (32). In PCOS and PCOS-like
mouse models, sex steroid feedback to the HPG axis is al-
tered, as LH pulsatility remains high despite the presence
of elevated androgens (23, 33, 34). Together, this evidence
led us to hypothesize that the pAMH-induced reproductive
phenotype would be mediated by androgen signaling at the
level of kisspeptin cells.

Here, we characterize a full profile throughout the life-
span of first- and second-generation pAMH offspring of
both sexes. Using Cre-LoxP technology, we generated a
kisspeptin-specific AR knockout (KARKO) mouse line
and assessed the reproductive consequences of pAMH in
KARKO offspring to determine whether androgens were
mediating this phenotype and where they might be acting.
We found that nearly every pAMH-induced deficit present
in controls was eliminated in their KARKO littermates. By
determining the necessity of AR in kisspeptin cells to in-
duce pAMH phenotypes, we have advanced understanding
of the interactions between AMH and androgens in the
context of prenatal exposure.
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ABSTRACT

Objective: This systematic review and meta-analysis aimed to summarize the available evidence
regarding circulating kisspeptin and anti-miillerian hormone (AMH) and the homeostasis model
assessment of insulin resistance (HOMA-IR) index in adolescents and women with and without
polycystic ovary syndrome (PCOS).
Method: We performed a comprehensive literature search in Medline, Embase, Cochrane, Scopus, and
Web of Science for studies evaluating circulating kisspeptin levels in women with and without PCOS
published until September 24th, 2020. Co-primary outcomes were the HOMA-IR index and AMH. The
quality of included studies was assessed using the Newcastle-Ottawa Scale. Random-effects models were
used to estimate outcomes, and effects reported as mean difference (MD) or standardized MD (SMD) and
their 95 % confidence interval (CI). The systematic review and meta-analysis was registered in the
International Prospective Register of Systematic Reviews (PROSPERO) as number CRD42020205030.
Results: We evaluated 18 studies including, 1282 PCOS cases and 977 controls. Participants with PCOS
were younger (MD = —2.38 years, 95 %CI -4.32 to -0.44), with higher BMI (MD = 1.16, 95 % CI 0.54-1.78),
waist-to-hip ratio (MD = 0.04, 95 %CI 0.02 to 0.05), circulating kisspeptin (SMD = 1.15, 95 %CI 0.68-1.62),
luteinizing hormone (SMD = 1.29, 95 %CI 0.76-1.83), AMH (SMD = 0.97, 95 %CI 0.60-1,34), total
testosterone (SMD = 2.48, 95 %CI 1.73-3.23), free testosterone (SMD = 1.37, 95 %CI 0.56-2.17), and
dehydroepiandrosterone sulphate (SMD = 0.72, 95 %CI 0.32-1.13) levels, and Ferriman-Gallwey score
(SMD =5.08, 95 %Cl 2.76-7.39), and lower sex hormone-binding globulin level (SMD = —1.34, 95 %CI —2.15
to —0.52). Besides, participants with PCOS had higher HOMA-IR index (SMD = 0.76, 95 %CI1 0.35-1.17), and
circulating insulin (SMD = 0.75, 95 %CI 0.30-1.19), leptin (SMD = 2.82, 95 %CI 1.35-4.29), and triglycerides
(SMD = 2.15, 95 %CI 1.08-3.23) levels than participants without the syndrome. The meta-regression did
not identify significant factors influencing circulating kisspeptin.
Conclusion: Patients with PCOS showed higher kisspeptin, LH, insulin, AMH, and androgen levels and
HOMA-IR index, and lower sex hormone-binding globulin levels than those without the syndrome.
© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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Abbreviations: AMH, Anti-miillerian hormone; BMI, Body mass index; CI,
Confidence interval; DHEA-S, dehydroepiandrosterone sulphate; FSH, Follicle-
stimulating hormone; GnRH, gonadotrophin-releasing hormone; HDL, High density
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Kisspeptins are a group of brain neuropeptides initially
described as metastasis suppressors [1]. The kisspeptin precursor
has 145 amino acids that, by proteolysis, produce kisspeptin-54
(also know as metastin) that is considered the active product.
Kisspeptin 13 and kisspeptin-14 are products from the degradation
of kisspeptin-54 [2,3]. Kisspeptin (encoded by KISS1) influences
gonadotrophin-releasing hormone (GnRH) and luteinizing hor-
mone (LH) secretion and might contribute to the development of

0301-2115/© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).

ENAOKPINOAOFIA s AIABHTOAQTIA - METABOAIEMOX €V6 )

PLOS ONE

I'YNAIKEIA ANATMAPAIQIH | NEKTAPIA =HTA

L)

Check for
updates

G OPEN ACCESS

Citation: Hanem LGE, Salvesen @, Madsen A,
Sagen JV, Mellgren G, Juliusson PB, et al. (2021)
Maternal PCOS status and metformin in
pregnancy: Steroid hormones in 5-10 years old
children from the PregMet randomized controlled
study. PLoS ONE 16(9): e0257186. https://doi.org/
10.1371/journal.pone.0257186

Editor: John W. Apolzan, Pennington Biomedical
Research Center, UNITED STATES

Received: August 20, 2020
Accepted: August 20, 2021
Published: September 9, 2021

Copyright: © 2021 Hanem et al. This is an open
access article distributed under the terms of the
Creative Commons Attribution License, which
permits unrestricted use, distribution, and
reproduction in any medium, provided the original
author and source are credited.

Data Availability Statement: We are not able to
make our data publicly available, for ethical and
legal reasons. Data contain potentially identifyable
or sensitive patient information. The restrictions
have been imposed by the Regional Ethical
Committee of central Norway (rek-midt@mbh.ntnu.
no, tel: 7359 75 11, REC central Norway), by
consultant Ramunas Kazakauskas (ramunas.
kazakauskas@ntnu.no, tel: 73 59 75 10, REC
central Norway). Making our data publicly available
is not in accordance with participant consent, as

RESEARCH ARTICLE

Maternal PCOS status and metformin in
pregnancy: Steroid hormones in 5-10 years
old children from the PregMet randomized
controlled study

Liv Guro Engen Hanem@'?*, @yvind Salvesen®, André Madsen®*°*®, Jgrn V. Sagen*®,
Gunnar Mellgren®*>”, Petur Benedikt Juliusson®®2, Sven Magnus Carlsen'?®,
Eszter Vanky''%*, Rgnnaug @degard’->1"*

1 Department of Clinical and Molecular Medicine, Faculty of Medicine and Health Sciences, Norwegian
University of Science and Technology, Trondheim, Norway, 2 Children’s clinic, St. Olavs Hospital, Trondheim
University Hospital, Trondheim, Norway, 3 Department of Public Health and Nursing, Faculty of Medicine and
Health Sciences, Norwegian University of Science and Technology, Trondheim, Norway, 4 Hormone
Laboratory, Haukeland University Hospital, Bergen, Norway, 5 Department of Clinical Science, University of
Bergen, Bergen, Norway, 6 Department of Pediatrics, Haukeland University Hospital, Bergen, Norway, 7 KG
Jebsen Centre for Diabetes Research, University of Bergen, Bergen, Norway, 8 Department of Health
Registries, Norwegian Institute of Public Health, Bergen, Norway, 9 Department of Endocrinology, St. Olavs
Hospital, Trondheim University Hospital, Trondheim, Norway, 10 Department of Obstetrics and Gynecology,
St. Olavs Hospital, Trondheim University Hospital, Trondheim, Norway, 11 Centre for Obesity Research,
Dept. of Surgery St. Olav University Hospital, Trondheim, Norway

I These authors share last authorship on this work.
* liv.g.e.hanem@ntnu.no

Abstract

Objective

Polycystic ovary syndrome (PCOS) is a common endocrine disorder, with potential effects
on offspring both genetically and through altered intrauterine environment. Metformin, which
ameliorate hormonal disturbances in non-pregnant women with PCOS is increasingly used
in pregnancy. It passes the placenta, and the evidence on potential consequences for off-
spring endocrine development is scarce. We explore the potential effects of maternal PCOS
status and intrauterine metformin exposure on offspring steroid hormone levels.

Design
This is a follow-up study of 5-10 years old children from the PregMet-study—a randomized

controlled trial comparing metformin (2000 mg/day) to placebo during PCOS pregnancies.
Of the 255 children invited, 117 (46%) were included.

Methods

There was no intervention in this follow-up study. Outcomes were serum levels of andro-
stenedione, testosterone, SHBG, cortisol, 17-hydroxyprogesterone, 11-deoxycortisol and
calculated free testosterone converted to gender-and age adjusted z-scores from a Norwe-
gian reference population. These were compared in i) placebo-exposed children versus
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PCOS compared to normo-androgenic women with PCOS (adjusted FR 0.60 (95% Cl 0.52-0.69)), followed by mildly hyperandrogenic
women with PCOS (adjusted FR 0.84 (95% Cl 0.77-0.93)). Compared to early anti-androgenic treatment users, late users exhibited a
lower probability of childbirth after spontaneous conception (adjusted FR 0.79 (95% CI 0.68-0.92)).

LIMITATIONS, REASONS FOR CAUTION: We lacked direct information on the intention to conceive and the androgenic biochemi-
cal status of the PCOS participants, applying instead the use of anti-androgenic medications as a proxy of hyperandrogenism. The duration
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Early initiation of anti-androgen
treatment is associated with increased
probability of spontaneous conception
leading to childbirth in women with
polycystic ovary syndrome: a
population-based multiregistry cohort

of anti-androgenic treatment utilized is not known, only the age at prescription. Results are not adjusted for BMI, but for obesity diagnosis.
The period of follow-up (10years) was restricted by the need to include only those women for whom data were available on the dispens-
ing of medications during adolescence (born between 1987 and 1996). Women with PCOS who did not seek medical assistance might
have been incorrectly classified as not having the disease. Such misclassification would lead to an underestimation of the true association
between PCOS and outcomes.

WIDER IMPLICATIONS OF THE FINDINGS: Early initiation of anti-androgen treatment is associated with better spontaneous fertility
rate. These findings support the need for future interventional randomized prospective studies investigating critical windows of anti-
androgen treatment.

STUDY FUNDING/COMPETING INTEREST(S): This study was funded by the Health Research Council of New Zealand (18-671),
the Swedish Society of Medicine and the Uppsala University Hospital. Evangelia Elenis has, over the past year, received lecture fee from
Gedeon Richter outside the submitted work. Inger Sundstrém Poromaa has, over the past 3 years, received compensation as a consultant
and lecturer for Bayer Schering Pharma, MSD, Gedeon Richter, Peptonics and Lundbeck A/S. The other authors declare no competing
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STUDY QUESTION: Is anti-androgen treatment during adolescence associated with an improved probability of spontaneous conception
leading to childbirth in women with polycystic ovary syndrome (PCOS)?

SUMMARY ANSWER: Early initiation of anti-androgen treatment is associated with an increased probability of childbirth after spontane-
ous conception among women with PCOS.

WHAT IS KNOWN ALREADY: PCOS is the most common endocrinopathy affecting women of reproductive age. Hyperandrogenism
and menstrual irregularities associated with PCOS typically emerge in early adolescence. Previous work indicates that diagnosis at an earlier
age (<25 years) is associated with higher fecundity compared to a later diagnosis.

STUDY DESIGN, SIZE, DURATION: This population-based study utilized five linked Swedish national registries. A total of I5 106
women with PCOS and 73 786 control women were included. Women were followed from when they turned |8 years of age until the
end of 2015, leading to a maximum follow-up of |0years. First childbirth after spontaneous conception was the main outcome, as identi-
fied from the Medical Birth Registry.

PARTICIPANTS/MATERIALS, SETTING, METHODS: Participants included all women born between 1987 and 1996 with a diagno-
sis of PCOS in the Swedish Patient Registry and randomly selected non-PCOS controls (ratio |:5). Information on anti-androgenic treat-
ment was retrieved from the Swedish Prescribed Drug Registry with the use of Anatomic Therapeutic Chemical (ATC) codes. Women
with PCOS who were not treated with any anti-androgenic medication were regarded as normo-androgenic, while those treated were
regarded as hyperandrogenic. Women were further classified as being mildly hyperandrogenic if they received anti-androgenic combined
oral contraceptive (aaCOC) monotherapy, or severely hyperandrogenic if they received other anti-androgens with or without aaCOCs.
Early and late users comprised women with PCOS who started anti-androgenic treatment initiated either during adolescence (< |8years
of age) or after adolescence (> |8 years), respectively. The probability of first childbirth after spontaneous conception was analyzed with
the use of Kaplan—Meier hazard curve. The fecundity rate (FR) and 95% confidence interval for the time to first childbirth that were con-
ceived spontaneously were calculated using Cox proportional hazards regression models, with adjustment for obesity, birth year, country
of birth and education level.

MAIN RESULTS AND THE ROLE OF CHANCE: The probability of childbirth after spontaneous conception in the PCOS group com-
pared to non-PCOS controls was | 1% lower among normo-androgenic (adjusted FR 0.68 (95% CI 0.64-0.72)), and 40% lower among
hyperandrogenic women with PCOS (adjusted FR 0.53 (95% CI 0.50-0.57)). FR was lowest among severely hyperandrogenic women with
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Introduction

Polycystic ovary syndrome (PCOS) is an endocrinopathy affecting
women of reproductive age with a reported prevalence ranging from 5
to 25% (March et al, 2010; Rosenfield and Ehrmann, 2016; Wolf
et al, 2018). PCOS is characterized by clinical or biochemical hyperan-
drogenism, menstrual irregularities and ultrasonographic polycystic
ovarian morphology (Rosenfield and Ehrmann, 2016). Symptoms typi-
cally emerge during early adolescence (Driscoll, 2003; Ryan et dl.,
2018) and may persist into adulthood. The common denominator for
PCOS development appears to be ovarian and/or adrenal hyperan-
drogenism in synergy with tissue-selective insulin-resistant hyperinsulin-
ism (Ibanez et al, 2017; Witchel et al, 2019). The disorder is
multifactorial and heterogeneous, implicating both intrauterine and
postnatal environmental factors, as well as endocrinological, genetic
and epigenetic factors (Rosenfield and Ehrmann, 2016). PCOS patho-
genesis likely results from the combination of a prenatal predisposing
factor (referred to as a ‘first hit’) with an activating postnatal factor (re-
ferred to as the ‘second hit’) (Rosenfield, 2020). For example, geneti-
cally susceptible girls or those exposed to androgen excess in utero
develop hyperandrogenism prepubertally through hyperactivation of
their hypothalamic—pituitary—ovarian (HPO) axis; that, in addition to
the normal physiological or obesity-related hyperinsulinism during ado-
lescence, potentiates the hyperandrogenic state and accelerates the
syndrome’s clinical manifestations and/or aggravates the syndrome’s
clinical course (Bremer, 2010). A more recent evolution of this idea
suggests that a mismatch between prenatal and postnatal weight gain,
resulting in greater hepatovisceral fat, drives accelerated body growth
and maturation, which in turn establishes persistent PCOS features
(de Zegher et dl., 2018).

In population-based studies (Koivunen et al., 2008; West et al., 2014;

to achieve childbirth and give birth to a lower number of children com-
pared to non-PCOS counterparts. A novel finding was the fact that
PCOS diagnosis at an earlier age (<25 years) was associated with higher
fecundity rate (FR) compared to a later diagnosis (Persson et al., 2019).
Since symptoms appear to be progressive in women with PCOS, timely
interventions that improve hyperandrogenism, either directly or indi-
rectly through lowering insulin levels, have been recommended
(Bremer, 2010). Therefore, whether specific interventions, such as phar-
macological treatment during a specific therapeutic window, i.e. during
adolescence, can decrease androgen actions and mitigate the future ad-
verse effects of PCOS remains unknown.

Clinical and animal-based evidence indicates that long-term anti-an-
drogen therapy can restore impaired reproductive function. Long-term
AR blockade is associated with improved testosterone levels and ovu-
latory function in adult women with PCOS (De Leo et al., 1998;
Paradisi et al, 2013), and a restoration of normal steroid hormone
feedback to the reproductive axis (Eagleson et al., 2000). In addition,
in prenatally androgenized mice that model PCOS in adulthood
(Sullivan and Moenter, 2004; Moore et al., 2013; Moore et al., 2015;
Silva et al, 2018), anti-androgen therapy restores estrous cyclicity
(Sullivan and Moenter, 2004; Silva et al., 2018). In addition, continuous
androgen blockade from an ‘adolescent’ period following puberty is as-
sociated with improved ovarian morphology and a reversal of brain
wiring changes induced by prenatal androgen exposure (Silva et dl.,
2018).

Therefore, our study hypothesizes that the probability of childbirth
after spontaneous conception among PCOS women improves if pre-
ceded by anti-androgen therapy during adolescence. The aim of the
current study was therefore to explore whether treatment with anti-
androgen medications initiated during adolescence is associated with a
higher probability of childbirth after spontaneous conception in women
with PCOS.
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Diet—androgen interactions in female macaques 445

LARGE SCALE DATA: None.

LIMITATIONS, REASONS FOR CAUTION: The small sample size and heterogeneity in metabolic effects observed in the T + WSD
group are limitations of the current study, with only a subset of animals in this group showing impaired insulin resistance relative to
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controls. In addition, obesity in the C group prevented comparisons to lean animals.
WIDER IMPLICATIONS OF THE FINDINGS: Hyperandrogenemia combined with WSD had a greater impact on insulin sensitivity
and ovarian function than either treatment alone.

STUDY FUNDING/COMPETING INTEREST(S): This work was supported by NIH grant P50 HDO071836 to C.T.R, J.H. and
C.T. and P51 ODOI 1092 for support of the Oregon National Primate Research Center. All authors declare no competing interests.

Individual and combined effects of
5-year exposure to
hyperandrogenemia and
Western-style diet on metabolism
and reproduction in female rhesus
macaques

Key words: hyperandrogenemia/ polycystic ovary syndrome/ obesity/ high-fat diet/ post-partum

isolation or combination with a WSD, can contribute to a further meta-

Introduction

bolic decline in the post-partum period, which is often observed in
Polycystic ovary syndrome (PCOS) is a prevalent cause of subfertility,

affecting an estimated 5—-10% of reproductive-age women in the USA
(Azziz et al., 2016). The most commonly used diagnostic criteria

women who experience gestational diabetes (Kim et al., 2002; Bellamy
et al, 2009). The current study sought to expand upon our previous
reporting in this model into 5 years of continuous T, WSD and T +
WSD treatment on overall metabolic and reproductive health. In addi-
tion, we examined whether those animals that experienced a pregnancy
in Year 4 of treatment showed differential metabolic responses in the

require that women have at least two of the following symptoms:

Cecily V. Bishop"z’*, Diana Takahashi?, Emily Mishler',
Ov D. Slayden', Charles T. Roberts'?, Jon Hennebold'*, and
Cadence True'?

oligo- or anovulation, polycystic ovaries upon ultrasound and hyperan-
drogenemia. In addition, patients with PCOS have higher rates of both
obesity and insulin resistance, which also have a negative impact on
fertility (Clark et al., 1995, 1998; Pasquali et al, 2003; Brewer and
Balen, 2010; Rubin et al, 2017; Yao et al., 2017). Consistent with
worsened measures of insulin sensitivity, PCOS women are at

acute and long-term post-partum period.

'Division of Reproductive & Developmental Sciences, Oregon National Primate Research Center, Beaverton, OR, USA “Department of
Animal and Rangeland Sciences, College of Agricultural Sciences, Oregon State University, Corvallis, OR, USA >Division of
Cardiometabolic Health, Oregon National Primate Research Center, Beaverton, OR, USA “Department of Obstetrics & Gynecology,

Oregon Health & Science University, Portland, OR, USA

*Correspondence address. Department of Animal and Rangeland Sciences, College of Agricultural Sciences, Oregon State University,
Withycombe Hall Room 112, Corvallis, OR 97331, USA. E-mail: cecily.bishop@oregonstate.edu

Submitted on August 26, 2020; resubmitted on October 20, 2020; editorial decision on October 28, 2020

STUDY QUESTION: What is the impact of prolonged exposure to hyperandrogenemia (T), Western-style diet (WSD) and the
combination on metabolic and reproductive function in female rhesus macaques, particularly in the post-partum period?

SUMMARY ANSWER: Combined T + WSD worsened measures of insulin sensitivity and parameters of cyclicity following prolonged
(5 years) exposure, but there was no effect on post-partum metabolic function.

WHAT IS KNOWN ALREADY: Women with hyperandrogenemia due to polycystic ovary syndrome are at higher risk for gestational
diabetes and Type 2 diabetes post-partum, but it is unknown if this is related to hyperandrogenemia. Hyperandrogenemia in the presence
of a WSD worsens metabolic function in female nonhuman primates.

STUDY DESIGN, SIZE, DURATION: Female rhesus macaques began treatment near menarche (roughly 2.5 years of age) consisting of
either cholesterol (control; C) or testosterone (T) implants (average serum levels |.4ng/ml) and exposure to standard monkey chow or a
WSD (I5 vs 36% of calories from fat, respectively). The four groups were maintained on treatment for 3 years, underwent a fertility trial
in Year 4 and continued with treatments through Year 5.

PARTICIPANTS/MATERIALS, SETTING, METHODS: Metabolic measurements (glucose tolerance tests and double X-ray absorpti-
ometry scans) were performed yearly, and results from 5 years of treatment are reported for all animals. Animals were bled daily for
30days at 5 years to capture changes in ovarian cycle hormones, and ultrasound measurements were performed during the early follicular
and luteal phase.

MAIN RESULTS AND THE ROLE OF CHANCE: After 5 years of treatment, WSD exposure moderately increased body weight
and body fat, although control animals also had a high body mass index due to ad libitum feeding. Animals in the T + WSD group had
increased fasting insulin and insulin secretion during an intravenous glucose tolerance test. WSD exposure also altered ovarian cycles,
delaying the time to the E2 surge, decreasing progesterone and anti-Miillerian hormone levels and increasing the number of antral follicles
present by ultrasound. Longitudinal assessment of metabolic function for only those animals that became pregnant in Year 4 of treatment
revealed no differences in post-partum metabolism between groups, although WSD resulted in overall elevated weights, body fat and
measures of insulin resistance.

© The Author(s) 2020. Published by Oxford University Press on behalf of European Society of Human Reproduction and Embryology. All rights reserved.
For permissions, please email: journals.permissions@oup.com
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increased risk of developing gestational diabetes during pregnancy
(Pan et al, 2015; Rubin et al, 2017; Yao et al., 2017). Gestational
diabetes further increases the risk for the development of Type 2
diabetes post-partum (Kim et al, 2002; Bellamy et al., 2009). It is
unclear from clinical data whether the risk for gestational diabetes
and post-partum Type 2 diabetes in PCOS patients is secondary to
PCOS-associated obesity, or if it may be inherent to the disease and
elevated levels of androgens.

Our group has developed a nonhuman primate model to explore
the independent and combined impact of elevated androgens and an
obesogenic Western-style diet (WSD) on metabolic and reproductive
health. Female macaques were exposed to elevated testosterone (T),
WSD or the combination (T + WSD) beginning at puberty. The timing
of treatment initiation was chosen to mimic the emergence of hyperan-
drogenemia in obese adolescent females at this developmental period
(McCartney et al., 2006, 2007). Previous data have shown the most sig-
nificant metabolic and reproductive impairments were present in the
combination T + WSD group, consistent with the hypothesis that both
factors may contribute to adverse health outcomes in PCOS patients
(True et al., 2017; Bishop et al, 2018a, b). The T + WSD group had
the greatest insulin resistance and lowest fertility rate, although signifi-
cant heterogeneity in response to treatment was present in this group
as well. Animals that failed to achieve pregnancy after three timed mat-
ings during the window of fertility, or that had unviable pregnancies,
had higher levels of fasting insulin compared to those that conceived,
suggesting that hyperinsulinemia and insulin resistance are associated
with infertility. Because animals that became pregnant tended to have
better indices of insulin sensitivity, only modest group differences during
gestation were observed, including elevated fasting glucose levels and
reduced glucose clearance during a second-trimester intravenous glu-
cose tolerance test (ivGTT) in the T + WSD group compared to con-
trols (Bishop et al, 2018a). It is unknown whether androgens, in
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Materials and methods

Animals

All animal procedures were approved by the Oregon National
Primate Research Center (ONPRC) Institutional Animal Care and Use
Committee and comply with the Animal Welfare Act and the APA
Guidelines for Ethical Conduct in the Care and Use of Nonhuman
Animals in Research. The model and treatments have been described
previously (True et al., 2017). Female rhesus macaques, aged roughly
2.5 years at the time of treatment initiation, were in one of four treat-
ment groups: control animals receiving cholesterol implants and a con-
trol diet (C), animals receiving T implants and a control diet (T),
animals receiving cholesterol implants and a WSD and animals receiv-
ing T implants and a WSD (T + WSD). Average serum T levels in the
T-treated group were [.35ng/ml compared to an average value of
0.27ng/ml in cholesterol-treated animals (True et al, 2017). The
WSD (Purina 5LOP) has roughly 36% of calories from fat compared
to the 15% of calories from fat in standard monkey chow (Purina
5000/5052). Animals were typically pair-housed in the same treatment
group and maintained on a 0700-1900 light cycle with ad libitum ac-
cess to water. All animals underwent 3 years of treatment, and in the
fourth year, underwent a fertility trial where they were mated with a
proven male breeder over a maximum of three menstrual cycles
during the window of fertility. A large subset of the animals became
pregnant and had pregnancies terminated by C-section in the third
trimester, as reported previously (Bishop et al, 2018a). T and/or
WSD treatments were continued throughout and after the fertility trial
up to 5 years of treatment.

Metabolic measurements

Body composition and ivGTTs were not performed at a specific men-
strual cycle stage and have been described previously (True et al., 2017).
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Abstract

Aberration in microRNA expression or DNA methylation is a causal factor for polycystic ovarian syndrome. However, the
epigenetic interactions between miRNA and DNA methylation remain unexplored in PCOS. We conducted a novel
integrated analysis of RNA-seq, miRNA-seq, and methylated DNA-binding domain sequencing on ovarian granulosa cells
to reveal the epigenetic interactions involved in the pathogenesis of PCOS. We identified 830 genes and 30 miRNAs that
were expressed differently in PCOS, and seven miRNAs negatively regulated target mRNA expression. 130 miRNAs’
promoters were significantly differently methylated, while 13 were associated with miRNA expression. Furthermore, the
hypermethylation of miR-429, miR-141-3p, and miR-126-3p’ promoter was found related to miRNA expression suppression
and therefore their corresponding genes upregulation, including XIAP, BRD3, MAPK 14, and SLC7A5. Our findings provide
a novel insight in PCOS. The consequential reversal of genes silencing may participate in PCOS pathogenesis and served as
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potential molecular targets for PCOS.

Introduction

Polycystic ovarian syndrome (PCOS) is one of the most
prevalent endocrine disorders with the symptoms of
hyperandrogenism, chronic anovulation, and polycystic
ovaries [1]. It is also considered to be a common cause of
body malfunction in women, with symptoms including
hirsutism, acne, obesity, menstrual dysfunction, and infer-
tility. It also appears to be associated with an increased risk
of metabolic aberrations, including insulin resistance and
hyperinsulinism, type 2 diabetes mellitus, dyslipidemia,
cardiovascular disease, and endometrial carcinoma [2, 3].
Ovarian granulosa cells (GCs) have been demonstrated
to play a major role in deciding the fate of follicles. In the

Supplementary information The online version of this article (https://
doi.org/10.1038/s10038-020-0819-6) contains supplementary
material, which is available to authorized users.
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early stage of follicle development, oocyte apoptosis results
in follicular atresia-induced ambient GC death, which
results in molecules that are essential for oocyte develop-
ment and maintenance as well as self-renewal by apoptotic
processes [4, 5]. Therefore, it is important to investigate the
role of GCs in the pathogenesis of PCOS.

Current research has shown that the influence of multiple
factors, including age, the environment/lifestyle, and the
disease state environment, can modify the clinical pre-
sentation of PCOS via epigenetic modifications [6]. DNA
methylation and microRNAs (miRNAs) are two main epi-
genetic modifications in the regulation of gene expression.
MiRNAs are small noncoding RNAs acting as post-
transcriptional negative regulators of gene expression,
which are involved in the regulation of various diseases
such as diabetes, insulin resistance, inflammatory disease,
and cancer. Meanwhile, aberrant DNA methylation man-
ifests in both global genome stability preservation and in
localized gene promoter changes, which influences the
transcription of disease-causing genes [7].

Recently, compelling evidence has indicated the roles of
DNA methylation and miRNAs in PCOS, respectively.
Previous studies detected significant alteration in genome-
wide DNA methylation and transcriptional patterns in
human ovaries, GCs, and the adipose tissue of PCOS
involved in metabolic disturbances [8—10]. These studies
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1 | INTRODUCTION

Nowadays, that 5%-20% of reproductive-age women are suffering
from PCOS. However, PCOS is still an intractable problem in med-

ical society.

Polycystic ovary syndrome (PCOS) is the most common endocrine disorder in
women at reproductive age. However, the underlying pathogenic mechanisms have
not been completely understood. Hyperandrogenism is an important clinic feature
in patients with PCOS, suggesting its pathologic role in the development and pro-
gression of PCOS. However, the actual role of androgen and the related signals in
PCOS and PCOS-related complications have not yet been clarified. In this review,
we surveyed the origin and effects of androgen on PCOS and the related complica-
tions, highlighted the cellular signals affecting androgen synthesis and summarized
the pathological processes caused by hyperandrogenism. Our review well reveals the
important mechanisms referring the pathogenesis of PCOS and provides important

clues to the clinic strategies in patients with PCOS.

androgen, cell signal, complication, hyperandrogenism, PCOS

Hyperandrogenism is an important criterion for diagnosis to
PCOS. In patients with PCOS, incidence rate of hyperandrogenism
is as high as 60%-80%. Androgen hyperactivation leads to ovulation
disorder, menstrual disorder, hairy and acne, suggesting that hyper-

androgenism is not only a clinical characteristic of PCOS, but also an
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analysis fat mass and free testosterone were independent predictors of AGox, Gnonox,
and A% FFA, whereas only fat mass predicted ALox.

Conclusion: In women with PCOS, regardless of phenotype, insulin-mediated substrate
use is impaired. This phenomenon is greater in individuals with the classic phenotype.
Free testosterone plays an independent role in insulin action abnormalities in glucose
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Abstract

Context: Few studies have explored in vivo insulin action on substrate use in women
with PCOS. In particular, no data are available in women with different PCOS phenotypes.
Objective: The aim of the study was to evaluate insulin action on glucose (Gox) and lipid
(Lox) oxidation, nonoxidative glucose metabolism (Gnonox), and serum free fatty acids
(FFAs) in different PCOS phenotypes.

Methods: Participants included 187 nondiabetic women with PCOS diagnosed according
to the Rotterdam criteria. Data from a historical sample of 20 healthy women were used as
reference values. Whole-body substrate use data were obtained by the hyperinsulinemic
euglycemic clamp associated with indirect calorimetry. Serum androgens were assessed
by liquid chromatography—-mass spectrometry and equilibrium dialysis.

Results: During hyperinsulinemia, the increase of Gox (AGox), Gnonox, as well as the
suppression of Lox (ALox) and serum FFA (A% FFA) were altered in each PCOS phenotype.
Moreover, Gnonox and A% FFA were lower in women with the classic phenotype than
in those with the ovulatory or the normoandrogenic phenotypes, and AGox was lower
in women with the classic than in those with the ovulatory phenotype. In multivariable
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and lipid metabolism.

Key Words: glucose oxidation, lipid oxidation, lipolysis, insulin sensitivity, PCOS phenotypes, androgens

Insulin resistance is a common finding in women with poly-
cystic ovary syndrome (PCOS). When evaluated by gold-
standard methodologies, this metabolic abnormality affects
about 70% to 75% of patients, involving the large majority
of overweight-obese women and more than half of normal-
weight women (1, 2).

By using the hyperinsulinemic euglycemic clamp, in-
sulin action on glucose metabolism is directly measured
as the amount of glucose metabolized by the whole body,
with skeletal muscle being the predominant tissue in
hyperinsulinemic conditions (3). Interestingly, when the
clamp is combined with calorimetry, it is possible to esti-
mate separately in vivo insulin action both on the oxidative
(Gox) and nonoxidative (Gnonox) glucose metabolism, as
well as on lipid oxidation (Lox) (4). Moreover, the assess-
ment of serum free fatty acid (FFA), at baseline and during
hyperinsulinemia, gives information on insulin inhibition
of lipolysis, that is, on adipose tissue insulin resistance.

Available data on substrate use in women with PCOS
are limited, and they mainly refer to obese individuals
with both hyperandrogenism and oligoanovulation (ie, the
classic phenotype of PCOS) (5, 6). A reduced insulin action
in Gox, Lox, and Gnonox was found in some studies that
included obese women with PCOS, compared with obese
controls. However, conflicting results have been reported
when both obese and lean participants were investigated
(7-9). In these studies, the impairment of insulin action has
been attributed either to obesity (8) or to PCOS status (9).
It is noteworthy that other major clinical characteristics of
these women, such as hyperandrogenemia, were generally
not taken into account when analyzing these parameters.

Interestingly, divergence in whole-body glucose metab-
olism between the different phenotypes of PCOS has been
documented and suggests that not all women with PCOS
are exposed to the same metabolic risk (10). In particular,
women with both hyperandrogenism and oligoanovulation
(ie, with the classic phenotype of PCOS) showed a more
severe insulin resistance on whole-body glucose use than
women without oligoanovulation (the ovulatory pheno-
type) or without hyperandrogenism (the normoandrogenic
phenotype).
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To better define the metabolic risk of women with PCOS,
it would be useful to assess insulin action on substrate use
in women with different PCOS phenotypes. To the best of
our knowledge, no data on this issue are available yet.

The aim of this study was to evaluate insulin action on
Gox, Gnonox, Lox, as well as on serum FFA concentra-
tion in a well-characterized cohort of women with PCOS,
including individuals with different phenotypes of the syn-
drome, and to establish the potential role of excess body fat
and excess androgen in these alterations.

Materials and Methods
Participants

A total of 187 White women with PCOS with normal
glucose tolerance were included in the present retro-
spective study. All were individuals who had undergone
a hyperinsulinemic euglycemic clamp procedure associ-
ated with indirect calorimetry, and all were among the
women recruited to the Verona PCOS Pathophysiology
and Phenotype (Verona 3P) Study (10). All these women
were referred to the outpatient clinic of the Division of
Endocrinology, Diabetes and Metabolism of the Verona
Hospital (Italy), for hirsutism and/or menstrual abnor-
malities. PCOS was diagnosed according to the Rotterdam
workshop criteria, that is, the presence of at least 2 of
the 3 following features: clinical and/or biochemical
hyperandrogenism, chronic oligoanovulation, and poly-
cystic ovarian morphology (PCOm), after exclusion of
secondary causes (11). Clinical hyperandrogenism was
defined by the presence of hirsutism (modified Ferriman-
Gallwey score > 8), and biochemical hyperandrogenism
by increased free testosterone levels, according to the
Androgen Excess and PCOS Society consensus statement
on PCOS (12). Chronic oligoanovulation was diagnosed
by the presence of either oligomenorrhea (< 8 cycles/year)
or, in women with regular menses, by luteal-phase serum
progesterone of less than 12 nmol/L during 2 consecu-
tive menstrual cycles. PCOm was diagnosed according
to the Rotterdam workshop recommendations (11),
whenever possible by a transvaginal approach. To rule
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ARTICLE INFO ABSTRACT
Keywords: A naturally occurring bovine model with excess follicular fluid androstenedione (High A4), reduced fertility, and
Bovine granulosa polycystic ovary syndrome (PCOS)-like characteristics has been identified. We hypothesized High A4 granulosa

Excess androgens

’ cells (GCs) would exhibit altered cell proliferation and/or steroidogenesis. Microarrays of Control and High A4
Transcriptome

Cell cycle arrest GCs combined with Ingenuity Pathway Analysis indicated that High A4 GCs had cell cycle inhibition and

Gell identity increased expression of microRNAs that inhibit cell cycle genes. Granulosa cell culture confirmed that A4

AMH treatment decreased GC proliferation, increased anti-Miillerian hormone, and increased mRNA for CTNNBIP1.
Increased CTNNBIP1 prevents CTNNB1 from interacting with members of the WNT signaling pathway thereby
inhibiting the cell cycle. Expression of CYP17A1 was upregulated in High A4 GCs presumably due to reduced FOS
mRNA expression compared to Control granulosa cells. Furthermore, comparisons of High A4 GC with thecal and
luteal cell transcriptomes indicated an altered cellular identity and function contributing to a PCOS-like
phenotype.

1. Introduction such as congenital adrenal hyperplasia also result in reproductive dis-

ruptions (e.g. precocious puberty), virilization, and metabolic syn-

It is well established that high androgen concentrations, both
circulating and within the ovary, are associated with ovarian dysfunc-
tion and systemic metabolic issues. Ovarian hyperandrogenism as seen
with polycystic ovary syndrome (PCOS) causes symptoms such as hir-
sutism, anovulation, and metabolic dysfunction (which also compounds
fertility problems) (Azziz et al., 2009; Hayek et al., 2016; Padwal, 2020;
Rosenfield and Ehrmann, 2016). Other causes of hyperandrogenism

dromes (Azziz et al., 2004; Hayek et al., 2016; Merke and Bornstein,
2005; Rosenfield and Ehrmann, 2016). Androgens affect many systems,
including the hypothalamic-pituitary-gonadal axis. Disrupted regulation
of gonadotropin releasing hormone and gonadotropins are sufficient to
substantially impact fertility (Bateman and Patisaul, 2008; Dierich et al.,
1998; Viau, 2002). There are also local effects of androgens on the
follicular cells within the ovary. The theca cells of the follicle are

Abbreviations: A4, androstenedione; GCs, granulosa cells; IPA, Ingenuity Pathway Analysis; LLCs, large luteal cells; PCA, Principal Component Analysis; PCOS,
Polycystic Ovary Syndrome; SLCs, small luteal cells; TCs, theca cells; AMH, Anti-Mullerian Hormone; CTNNB1, beta-catenin; CTNNBIP1, catenin beta interacting

protein 1; WNT, wingless-type mouse mammary tumor virus integration site.
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EnINESY 090l Uopei va AngEe{ UNoyn ia NpATaon Tou BEG0BIAoTAHATO EVETEY
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HEAETGV peTal € Ghheg OpHOVEG, BEV QVOREVETaI TETOI0 BUVaIKG OV

NEPINTON TG EVaVBIKIIG TE0TooTEPOVNG,
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Norma®, auEdve v téon yia chkpmnon UBarog Kal BnpIoUpYia OBAWATOX,
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Enanthate/Norma®
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oMV Gveo Koiia, B16yKwoN ToU ANATO f eVBEIEEIG fog, npénet om lapopikii b

Vo 0UNEpIANgBE{ N PIBQVETNTa Gykou Tou Ao TTpEnel va SIveTal MOdoxf o GoBEVElG Mou éxouy MpoSidBean
V0 QVANTUEN 01BAOTOG, KaBGTt N BEQQNE(a e QVBPOYGVa HNOpE va GUVOBEVETaL NG QUENLIEVN KaTaKpATaN
vatpiou [ BA. Napdypago 48. <AveniBULTEG evépyelecy)

Atapaxéc nigng

H T€0roaTEp6vN MpENet v XpNOIRIONOLE(Ta HE Npocoxi o€ aoBeVe( e BpopBoguAia, KaBoG npEay peAEteq
ped v {a kat avapopEG v O€ QUTOUG ToUG C0BEVEIG KaT T BIdpKEW Be-
paneiag pe teotootepévn.

Te aoBeveic nou NGoxouv ané 00Baph KapBLaKHA, NNATKA A VEGPIKA GVENGPKELD f LOXAULKH KOPBIOKA V600,
1 BEPaNE(a HE TeaT00TEPGVN HOpE( va Npokahéoet 00BaPES EMMAOKEG MoU XapaKINPIZovIaL ané oi6nua e
i XcwpiG OUHEOPNTIKHA KapBLaK GVENGpKela. Z€ tétaa nepificoon, n Bepaneia npénet va Biakonel apéows, H

Meté ané ur {a 6ev elval anapaitntn N Adwn 161KV BEPANEUTIKGY PETPWV EKTEC AN T Blakonf
G Bepaneiag e T pdpuaKo f peiwan e 56ong

Ta BeBopiéva ofelag ToEkoTTag BEXVOUV 6L N EVaVBIKN TEOTOTTEPGVN, 0 EOTERAG MOU MEPIEXETaL oTo Testosterone
Enanthate/

Norma®, KTatdooETal oI Hn-TOEIKEG OUGIES, LIETE and EpanaE xopAynan. AKGLIN Kat LETd and epanaE xophynon
§60nG NOAaMAGoLaG T BepaneUTIKAG, Sev avapEveTal KIvBUVog ToEK6TTaC,

5. DAPMAKOAOFIKEE IAIOTHTEE

5.1. DapPaKOBUVAHIKE 1B16TTEG

appakoBepaneuTikh Katnyopia: AvSpoydva

Kwbixég ATC: GO3BAO3

1€0T00TEPGVN EVBEXETaLVa Npokahéaet aJENan TG apTPLaKIAG NENG Kal 10
60 NPENEL Va XPNOOMOIE(TaL e MPOCOXN O GVBPES HE unéptaon. To ninebo Teatoatepévng Ba npénet va
NOpAKOAOUBEITaL KATG TV EVOPEN KA OE TAKIG XPOVIKG BLa0TAIATa Katd T BIGpKELD TG Bepaneia, Ot kAol
watpoi Ba npénet va npooapyaZouy T Booohoyia o€ aropiki BTN NpoKelEvoU Va B1aopaAZouy T Siathpnan
EUYOVABIKGOY EMNEBLOV TEOTOOTEPOVNG, Ee QOBEVEIG Mou AaBAVOUY paKpoXpGvia Bepaneia e avBpoyova, ot
GKGAOUBEG EQYAOTNPIOKEG NOPAHETPOL B MPENEL ENIONG VG NGPOKOAOUBOUVIOL TKTIKG: OIHOORQIpVN KL aipia-
ToKpinG, BoKIoiEq AaTikS Aettoupyiag Km)\mlﬁmplko NPOQA. YIGPXE NEPIOPIOEVN ELNEP(a OXETKG pE TV
aogaleia ka v 10 TG Xpriong o o€ 00Beveiq nhikiag dve
v 65 etv. Eni ou napoviog, Bev undpxet nuorpmvia OXETKG i TG EWBIKEC Y10 TV NAK{G TEG 0vagopaG yia
v teatootepévn. QoT600 Ba pénetva AauBAvETaL UNGyn 61 1A GUOIOAOYLKG ENINEBA TETa0TEPOVNG TTOV 0P
pELdvovIaL H TV auEavpevn nhuia. H xphon evéong TeaTootepévng Bev evBeikvutal o€ naibia kat ephBoug
(M napdypago 4.2. «Aog0hoya Kal pAnog xophynanGs]

Tnadan €KT6G ané v . propel va £0EL ENMTGXUVON TNG OWHATKAG V4~
MTUENG Kat MPOpN GUYKAEION TeoV ENMQUOELY TeoV 0TTGV, HE OUVENEa Heioon 1ou Tehikol youg, H evavBikt
6ev npénet va xpn {ta1 o€ yuvaikeg 8161, avéAoya e v aToikh euaioBnota o Gpéon

TV VBPOYGVCOV, 0L YUVGIKES MTOPE Val ELpaVIa0UY NI appEevomainang, m.x. akpi, Saoutpixiopee, aAayég
T xpoié G eoviig. Mpolindpxousa Gvoia atov Unvo nope( va enibevcoBel. Ta avBpoydva Sev evbeikvuvial
VG TV Mpoaycoyh TG puikii aVAMTUENG Kat TV GUENON TG CwHaTIKAG (KavetnTag (anéBoand) oe uyth dropa.

0w pie 6Aa T AN B1aAJLaTa, 1o Testosterone Enanthate/Norma® npéne( va evieta auatnpdsg evbo-

Uiia Kot MOAD apY. MVEUHOVIKGG ikpoepBOAIOHGG ané EAaIiBn BLaAUKaTa pope( va 0Bnynaet ot onpeia
Kal gupTEpata O BAXag, SUOMVOLa Kal NGVOG oto Bdpaxa. Mope( va undpxouv Kat GMa oneia kat
oupmdpata Goeav 6nwg abiadeota, unepiBpwola, GAn, napa-
Bnola, i ouykonf. AUTEG 0L VIBPGOEL; HOPE{ V MIPOKUYOUY KT T BLAPKELD i GHEOWG HETA TV €VEan Kat
eivaL avaotpéyipiec, H Bepanela elval 0uvABwG UNOCTPIKWKTE 1.X. XOPRYNON OEUYBVOU.

To ma® NEpLEXE 6G BPOOTIKG OUOTATIKG £va NAPAYLOYO TG UOIKAG OVBPIKAG
OPHOVN ToU PGAOU, TG T€0T0TEPOVNG, H EVavBIki TEaTootepovn pnope val EEGAEipeL 1a OUMMTGOaTa oy
napouotaZoviat GTav UNGPXEL avenapKela avBpoyvav. H evepyog Hopen,

LEtd and T Bepaneia e TV evéotun evaveiki TeaTootepGvn 250 ma/ml atoug avBpanou

Bev ébwoe evBEiEeIG 6Tt Ta oneppaTodwdpta UioTavial onotaBhnote BAGBN, n onoia HopEi va oBnyhoet o

5LANOTIES f PE(WON TG YOVIBTNTOG TOUG aNoYGVoUG, H EVEOLN evavBiki TEaTooTEpGVN Bev MPENeL va Xo-

PYERG1 KTE T BIGPKELG TG KINNG, AGY6) TG MIBAVEINTA ApREVONOINONG TV BNAUKCY euBpUcw. ATéoo,

épeuveg epBpL Bualtepa . Bev €600V evBEEEG 6T NPENEL va GvapEvovial GNAEG

BAGBEG OV OVANTUEN TV OpYaVCwY.

Tonik avektikéta

MEAETEG TOMKAG QVEKTIKGTNTAG, HET and evBoputkd X0prynan, E5€IEav 61t n MPOMIOVIKA Kal N EvavBIki Teoto-

aTEpOVN Bev QUEGVOLY Tov EpeBlopd Mou pokalel and evos Tou 0 BiaAUING O BIEATNG Nou nepiéxera oo
ma® éxel { €nil NOAG XpGvia 0€ MOAUGPIBUES POPHOKOTEXVIKEG

HOPEG 110U npoopiZovia yia avBpdnvn xphon. Ze auté o 610ty Bev NEPOUOIGOTIKAY QAIVGYIEVa TONIKaD

£pEBIOLI0U, M0 VA GVIITIBEVIGL 0TV MEpaTEpL XpRon Tou

Ot épeuveg nou BLEEAXBNOaY e Tov EAaIEdBN BLaAUTN Mou nepiéxetal oto Testosterone Enanthate/Norma®

Bev é6woav evBeiEEis euaoBTonoinanG, Aev éxouy GieEaxBel EnIP6oBETeG épeuve euaioBtonoinang yia v

MpONIOVIKT: Kal T evavBikri ADKETd £t KAVIKG epnelpiog BetEan

o6 onoieq UNMPEE Unoyia CAREPYUKCOY aVIIBPGOEWY. Acv EXEL, wOTB0 noBeltel EexaBapn paoTPISTTa

euaioBntonoinong,

Tuvohikd, ta BiaBéola 6 euphpata Bev VOV VIPPROELS G MPOG Th OU én

Xpion 10U GtV QVBPWIO, OTIG MPOTEWBHEVEG EVBEIEELS Kal EQUuAaylzc
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8. APIOMOZ AAEIAZ KYKAO®OPIAT

Tesosterane Enanlhate/Norma" inj sol. 250mg/ml 45%5103 m 2008
ErKPI

EvavBikh teotootepdvi

Anoppégnon
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MetaBoAop6g
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The European Academy of Andrology (EAA) ultrasound study
on healthy, fertile men: Scrotal ultrasound reference ranges
and associations with clinical, seminal, and biochemical

characteristics
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Abstract

Background: Scrotal color Doppler ultrasound (CDUS) still suffers from lack of stand-
ardization. Hence, the European Academy of Andrology (EAA) has promoted a mul-
ticenter study to assess the CDUS characteristics of healthy fertile men (HFM) to
obtain normative parameters.

Objectives: To report and discuss the scrotal organs CDUS reference ranges and
characteristics in HFM and their associations with clinical, seminal, and biochemical
parameters.

Methods: A cohort of 248 HFM (35.3 £ 5.9years) was studied, evaluating, on the same
day, clinical, biochemical, seminal, and scrotal CDUS following Standard Operating
Procedures.

Results: The CDUS reference range and characteristics of the scrotal organs of HFM
are reported here. CDUS showed a higher accuracy than physical examination in de-
tecting scrotal abnormalities. Prader orchidometer (PO)- and US-measured testicu-
lar volume (TV) were closely related. The US-assessed TV with the ellipsoid formula
showed the best correlation with the PO-TV. The mean TV of HFM was ~ 17 ml. The
lowest reference limit for right and left testis was 12 and 11 ml, thresholds defining
testicular hypotrophy. The highest reference limit for epididymal head, tail, and vas
deferens was 12, 6, and 4.5 mm, respectively. Mean TV was associated positively with
sperm concentration and total count and negatively with gonadotropins levels and
pulse pressure. Subjects with testicular inhomogeneity or calcifications showed lower
sperm vitality and concentration, respectively, than the rest of the sample. Sperm nor-
mal morphology and progressive motility were positively associated with epididymal
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head size/fvascularization and vas deferens size, respectively. Increased epididymis
and vas deferens sizes were associated with MAR test positivity. Decreased epididy-
mal tail hamogeneity/vascularization were positively associated with waistline, which
was negatively associated with intratesticular vascularization. CDUS varicocele was
detected in 37.2% of men and was not associated with seminal or hormonal param-
eters. Scrotal CDUS parameters were not associated with time to pregnancy, number
of children, history of miscarriage.

Conclusions: The present findings will help in better understanding male infertility
pathophysiology, improving its management.

Andrology. 2021:9:559-576.
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1 | INTRODUCTION

One out of ten men of reproductive age suffers from fertility
problems,*® Despite many technical advances that have impraved
diagnostic skills, the causes of male infertility are still obscure in

half of cases.!*

To fill this gap, in infertility clinics the imaging
of the male genital tract (MGT) has been used more and more
to detect MGT abnormalities? Among imaging technigues, color
Doppler ultrasound (CDUS) is the easiest to perform, less expen-
sive, and time consuming, and is essentially free of side effects,
CDUS is the gold standard for scrotal investigation, assessing re-
productive-, inflammatory-, and oncological-related features.*% In
fact, scrotal CDUS can detect alterations in size, echotexture, and
vascularization of the testis and epididymis that could eventually
be associated with sperm abnormalities or inflammation {orchi-
tis, epididymitis).*” In particular, various testicular US parameters
can be combined to predict sperm and testosterone levels impair-
ment.” In addition, scrotal COUS can detect lesions within the tes-
tis and epididymis suggesting benign or malignant findings A7
Furthermore, scrotal COUS provides information on epididymal
and deferential abnarmalities or agenesis, often correlated with
obstructive infertility,™* Finally, scrotal COUS is able to detect
and stage varicocele, which can exert a negative impact on sperm
parameters,**7 Hence, scrotal COUS has a relevant impact not
anly on reproductive but also on general male health, detecting
abnormalities with a higher accuracy than physical examination®
and, often, than ather imaging technigues.”

Although CDUS is widely used to explore the MGT, there is

still no consensus on the method to assess several gualitative

ENAOKPINOAOT'IA - AIABHTOAQIIA - METABOAIZMOZ evs )

healthy fertile men, scrotal ultrasound, scrotal organs reference ranges, scrotal organs
narmative parameters, clinical seminal hormonal and metabolic parameters

and quantitative COUS parameters. In addition, in clinical prac-
tice, there are often operator-dependent differences among so-
nographers in assessing and interpreting CDUS parameters.
Furthermare, MGT normative parameters and the cutoff for distin-
gulshing normal and pathologic features are still lacking.? Finally,
the possible correlation/impact of several CDUS findings on semen
parameters and male fertility is still unclear.” The aforementioned
critical issues exert either a scientific or a clinical practice neg-
ative impact, including low comparability and reproducibility of
data among ocperators, and no evidence-based CDUS reports for
patients, respectively. Due to the lack of MGT-CDUS standard-
ization, the European Academy of Andrology (EAA) has promoted
an international multicenter study entitled "Standardization of
the MGT-CDUS parameters in healthy, fertile men” (shortened
to “EAA ultrasound study”; see http/fwww andrologyacademy.
net/studies) ** aimed at establishing a cohort of healthy, fertile
men of reference te defing MGT-CDUS normative parameters. In
a previous study'® on this cohort of 248 healthy, fertile men, we
described: (a} the development and methodology of the "EAMA ul-
trasound study,” (i) the clinical, seminal, and blochemical parame-
ters of the cohaort, and {jii) the carrelations of both fertility history
and seminal features with the aforementioned parameters. In par-
ticular, we reported that the seminal characteristics of the popu-
lation studied were consistent with those reported by the WHOM
for the 50th and 5th centile for fertile men. This finding identifies
the EAA cohort as a reference population te assess MGT-CDUS
normative para meters,?

In the present study, we report and discuss the scrotal organs
reference ranges and characteristics in healthy, fertile men, and
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Testosterone treatment to prevent or revert type 2 diabetes
in men enrolled in a lifestyle programme (T4DM):

a randomised, double-blind, placebo-controlled, 2-year,
phase 3b trial

Gary Wittert, Karen Bracken*, Kristy P Robledo®, Mathis Grossmann*, Bu B Yeap*, David ] Handelsman®, Bronwyn Stuckey*, Ann Conway*,
Warrick Inder*, Robert McLachlan, Carolyn Allan, David Jesudason, Mark Ng Tang Fui, Wendy Hague, Alicia Jenkins, Mark Daniel, Val Gebski,
AnthonyKeech

Summary

Background Men who are overweight or obese frequently have low serum testosterone concentrations, which are
associated with increased risk of type 2 diabetes. We aimed to determine whether testosterone treatment prevents
progression to or reverses early type 2 diabetes, beyond the effects of a community-based lifestyle programme.

Methods T4DM was a randomised, double-blind, placebo-controlled, 2-year, phase 3b trial done at six Australian
tertiary care centres. Men aged 50-74 years, with a waist circumference of 95 cm or higher, a serum testosterone
concentration of 14-0 nmol/L or lower but without pathological hypogonadism, and impaired glucose tolerance (oral
glucose tolerance test [OGTT] 2-h glucose 7-8-11-0 mmol/L) or newly diagnosed type 2 diabetes (provided OGTT 2-h
glucose =15 -0 mmol/L) were enrolled in a lifestyle programme and randomly assigned (1:1) to receive an intramuscular
injection of testosterone undecanoate (1000 mg) or placebo at baseline, 6 weeks, and then every 3 months for 2 years.
Randomisation was done centrally, including stratification by centre, age group, waist circumference, 2-h OGTT
glucose, smoking, and first-degree family history of type 2 diabetes. The primary outcomes at 2 years were type 2
diabetes (2-h OGTT glucose =11-1 mmol/L) and mean change from baseline in 2-h OGTT glucose, assessed by
intention to treat. For safety assessment, we did a masked monitoring of haematocrit and prostate-specific antigen,
and analysed prespecified serious adverse events. This study is registered with the Australian New Zealand Clinical
Trials Registry, ACTRN12612000287831.

Findings Between Feb 5, 2013, and Feb 27, 2017, of 19022 men who were pre-screened, 1007 (5%) were randomly
assigned to the placebo (n=503) and testosterone (n=504) groups. At 2 years, 2-h glucose of 11-1 mmol/L or higher on
OGTT was reported in 87 (21%) of 413 participants with available data in the placebo group and 55 (12%) of
443 participants in the testosterone group (relative risk 059, 95% CI 0-43 to 0-80; p=0-0007). The mean change from
baseline 2-h glucose was —0-95 mmol/L (SD 2-78) in the placebo group and —1-70 mmol/L (SD 2. 47) in the testosterone
group (mean difference —0-75 mmol/L, —1-10 to —0-40; p<0-0001). The treatment effect was independent of baseline
serum testosterone. A safety trigger for haematocrit greater than 54% occurred in six (1%) of 484 participants in the
placebo group and 106 (22%) of 491 participants in the testosterone group, and a trigger for an increase of 075 pg/mL
or more in prostate-specific antigen occurred in 87 (19%) of 468 participants in the placebo group and 109 (23%) of
480 participants in the testosterone group. Prespecified serious adverse events occurred in 37 (7- 4%, 95% C15-4 t0 10-0)
of 503 patients in the placebo group and 55 (10-9%, 8-5 to 13-9) of 504 patients in the testosterone group. There were
two deaths in each group.

Interpretation Testosterone treatment for 2 years reduced the proportion of participants with type 2 diabetes beyond
the effects of a lifestyle programme. Increases in haematocrit might be treatment limiting. Longer-term durability,
safety, and cardiovascular effects of the intervention remain to be further investigated.

Funding Australian National Health and Medical Research Council, Bayer, Eli Lilly, University of Adelaide, and
WW (formerly Weight Watchers).

Copyright © 2020 Elsevier Ltd. All rights reserved.

Introduction Florey Adelaide Male Ageing Study, incident diabetes was
Low serum testosterone concentrations, which are increased in men with a serum testosterone concentration
common in men who are overweight or obese, are of less than 16 nmol/L (461 ng/dL).* In a systematic review
associated with an increased risk of incident type 2 and meta-analysis,” men with a serum testosterone con-
diabetes.! In an analysis of longitudinal data from the centration greater than 15-5 nmol/L (447 ng/dL) had a
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Abstract

Context: Testosterone treatment increases bone mineral density (BMD) in hypogonadal
men. Effects on bone microarchitecture, a determinant of fracture risk, are unknown.
Objective: We aimed to determine the effect of testosterone treatment on bone
microarchitecture using high resolution-peripheral quantitative computed tomography
(HR-pQCT).
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Methods: Men =50 years of age were recruited from 6 Australian centers and were
randomized to receive injectable testosterone undecanoate or placebo over 2 years on the human
background of a community-based lifestyle program. The primary endpoint was cortical
volumetric BMD (vBMD) at the distal tibia, measured using HR-pQCT in 177 men (1
center). Secondary endpoints included other HR-pQCT parameters and bone remodeling
markers. Areal BMD (aBMD) was measured by dual-energy x-ray absorptiometry (DXA)
in 601 men (5 centers). Using a linear mixed model for repeated measures, the mean
adjusted differences (95% CI) at 12 and 24 months between groups are reported as
treatment effect.

Results: Over 24 months, testosterone treatment, versus placebo, increased tibial
cortical vBMD, 9.33 mg hydroxyapatite (HA)/em?) (3.96, 14.71), P< 0.001 or 3.1% (1.2, 5.0);
radial cortical vBMD, 8.96 mg HA/cm® (3.30, 14.62), P=0.005 or 2.9% (1.0, 4.9); total tibial
vBMD, 4.16 mg HA/em? (2.4, 6.19), P<0.001 or 1.3% (0.6, 1.9); and total radial vBMD,
4.42 mg HA/cm® (1.67, 7.16), P=0.002 or 1.8% (0.4, 2.0). Testosterone also significantly
increased cortical area and thickness at both sites. Effects on trabecular architecture were
minor. Testosterone reduced bone remodeling markers CTX, -48.1 ng/L [-81.1, -15.1],
P<0.001 and PINP, -6.8 ng/L[-10.9, -2.7], P< 0.001. Testosterone significantly increased
aBMD at the lumbar spine, 0.04 g/cm? (0.03, 0.05), P < 0.001 and the total hip, 0.01 g/cm?

reproduction

Maternal occupational exposure to
endocrine-disrupting chemicals during
pregnancy and semen parameters in
adulthood: results of a nationwide
cross-sectional study among Swiss
conscripts

M. Istvan', R. Rahban??, B. Dananche', A. Senn??, E. Stettler>>,

(0.01, 0.02), P<0.001.

Conclusion: In men =50 years of age, testosterone treatment for 2 years increased
volumetric bone density, predominantly via effects on cortical bone. Implications for

fracture risk reduction require further study.

Key Words: testosterone, bone, microarchitecture, T4DM

Pathological hypogonadism due to pituitary or testicular
disease 1s a risk factor for osteoporosis in men (1) and
testosterone replacement increases bone mineral density
(BMD) (2). Observational studies in community dwelling
men suggest that age-related reductions in circulating sex
steroids are associated with loss of BMD (3) and increased
fracture risk (4), effects which are reversed by testosterone
treatment in randomized controlled clinical trials (RCT)
(5-7). Such RCTs have utilized dual-energy x-rav absorp-
tiometry (DXA) (5, 6}, measuring areal BMD (aBMD), or
more recently quantitative computed tomography (QCT)
(7) measuring volumetric BMD (vBMD). Previous findings
suggest that testosterone treatment increases BMD pre-
dominantly at the lumbar spine, inferring a predominant
effect on trabecular bone (5-7).

Although QCT measures cortical and rrabecular bone ar
central sites, it lacks sufficient resolution to provide infor-
mation about microstructure. By contrast, high resolution-
peripheral QCT (HR-pQCT) can distinguish cortical from
trabecular bone with sufficiently high precision to accur-
ately elucidate microarchitecture of cortical and trabecular
structures (8) and predict fracture risk independent of
aBMD and Fracrure Risk Assessment Tool (FRAX) score
(9). RCTs assessing the effects of testosterone treatment
on bone microarchitecture defined by HR-pQCT in men

are lacking. Therefore we conducted Testosterone for Bone
(T4Bone), a planned substudy of Testosterone for Diabetes
Mellitus (T4DM), a 2-year placebo-controlled RCT testing
whether testosterone treatment reduces the incidence of
type 2 diabetes mellitus (10, 11). In T4Bone we investi-
gated the effects of testosterone treatment on vBMD and
bone microarchitecture as well as on aBMD at the lumbar
spine and proximal femur. As longirudinal studies report an
association between lowered sex steroids and bone loss at
cortical sites (12-14) and changes in cortical bone may be
more closely associated with fracture risk (15-18), cortical
vBMD at the tibia, a weight-bearing site, was chosen as the
primary prespecified endpoint. Areal bone mineral density
at lumbar spine was the main outcome of the second aim,

the DXA study.

Methods
Study Design

T4DM was a randomized, placebo-controlled, double-blind,
2-year trial conducted in 6 Australian academic centers
testing whether testosterone treatment prevents or reverses
tvpe 2 diabetes in high-risk men beyond the effects of a life-
style program (10, 11). The T4Bone substudy assessed the
effects of testosterone treatment on skeletal outcomes. Bone
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STUDY QUESTION: Is there a relationship between maternal occupational exposure to endocrine-disrupting chemicals (EDCs) during
pregnancy and the semen quality of their sons?

SUMMARY ANSWER: Our results suggest an association between maternal occupational exposure to potential EDCs, especially to
pesticides, phthalates and heavy metals, and a decrease in several semen parameters.

WHAT IS KNOWN ALREADY: Sexual differentiation, development and proper functioning of the reproductive system are largely
dependent on steroid hormenes. Although there is some animal evidence, studies on maternal exposure to EDCs during pregnancy and its
effect on the semen quality of sons are scarce and none have focused on maternal occupational exposure.

STUDY DESIGN, SIZE, DURATION: A cross-sectional study aiming to evaluate semen quality was carried out among Swiss conscripts
aged |8 to 22 years between 2005 and 2017.

PARTICIPANTS/MATERIALS, SETTING, METHODS: Conscript and parent questionnaires were completed prior to the collection
of a semen sample. Semen parameters were categorised according to the guidelines of the World Health Organization (WHO). Data on
maternal employment during pregnancy were provided by the parent questionnaire. Maternal occupational exposure to potential EDC
categories was defined using a job-exposure matrix (JEM). Logistic regressions were used to analyse the relationship between maternal
occupational exposure to EDCs and each semen parameter adjusted for potential confounding factors. Results are presented using odds
ratios and 95% confidence intervals.

MAIN RESULTS AND THE ROLE OF CHANCE: In total, 1,737 conscripts provided a conscript and parent questionnaire, as well as a
semen sample; among these 1,045 of their mothers worked during pregnancy. Our study suggests an association between occupational
exposure of mothers during pregnancy to potential EDCs and low semen volume and total sperm count, particularly for exposure to
pesticides (OR 2.07, 95% CI 1.11-3.86 and OR 2.14, 95% CI 1.05-4.35), phthalates (OR 1.92, 95% CI 1.10-3.37 and OR 1.89, 95% Cl
1.01-3.55), and heavy metals (OR 2.02, 95% Cl 1.14-3.60 and OR 2.29, 95% CI |.21-4.35). Maternal occupational exposure to heavy
metals was additionally associated with a low sperm concentration (OR 1.89, 95% CI 1.06-3.37).

LIMITATIONS, REASONS FOR CAUTION: Several limitations should be noted, such as the indirect method for maternal
occupational exposure assessment during the pregnancy (JEM) and the cross-sectional design of the study.

© The Author(s) 2021. Published by Oxford University Press on behalf of European Society of Human Reproduction and Embryclogy. All rights reserved.
For permissions, please email: journals. permissions@oup.com
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WIDER IMPLICATIONS OF THE FINDINGS: Our observations reinforce the need to inform pregnant women of potential hazards doi:10.1210/clinem/dgaa743 ENDOCRINE
Clinical Research Article SOCIETY

during pregnancy that could impair their child's fertility. Additional studies are needed to confirm the involvement of EDCs.

STUDY FUNDING/COMPETING INTEREST(S): This work was supported by the Swiss Centre for Applied Human Toxicology:
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Humans, Animals and Ecosystems’, the Medical Services of the Swiss Army (DDPS) and Medisupport. The authors declare they have no
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Abstract

Context: Serum testosterone concentrations decline with age, while serum sex hormone-
binding globulin (SHBG) concentrations increase.

Objective: To analyze associations of baseline serum testosterone and SHBG
concentrations, and calculated free testosterone (cFT) values, with all-cause and cause-
specific mortality in men.

Design, Setting, and Participants: The UK Biobank prospective cohort study of
community-dwelling men aged 40-69 years old, followed for 11 years.
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Main Outcome Measures: All-cause, atherosclerotic cardiovascular disease (CVD) and
cancer-related mortality. Cox proportional hazards regression was performed, adjusting
for age, waist circumference, medical conditions, and other covariates. Models for

testosterone included SHBG and vice versa.

Results: In a complete case analysis of 149 436 men with 10 053 deaths (1925 CVD and
4927 cancer-related), men with lower testosterone had a higher mortality rate from
any cause (lowest vs highest quintile, Q1 vs Qb5, fully-adjusted hazard ratio [HR] = 1.14,
95% confidence interval [Cl] = 1.06-1.22, overall trend P < 0.001), and cancer (HR = 1.20,
Cl = 1.09-1.33, P < 0.001), with no association for CVD deaths. Similar results were seen
for ¢FT. Men with lower SHBG had a lower mortality rate from any cause (Q1 vs Q5,
HR =0.68, Cl =0.63-0.73, P< 0.001), CVD (HR = 0.70, Cl = 0.59-0.83, P< 0.001), and cancer
(HR = 0.80, Cl = 0.72-0.89, P < 0.001). A multiply imputed dataset (N = 208 425, 15 914
deaths, 3128 CVD-related and 7468 cancer-related) and analysis excluding deaths within
the first 2 years (9261, 1734, and 4534 events) yielded similar results.

Conclusions: Lower serum testosterone is independently associated with higher all-
cause and cancer-related, but not CVD-related, mortality in middle-aged to older men.
Lower SHBG is independently associated with lower all-cause, CVD-related, and cancer-
related mortality. Confirmation and determination of causality requires mechanistic

studies and prospective trials.

Freeform/Key Words: testosterone, sex hormone-binding globulin, mortality, cardiovascular disease, cancer

As men grow older, serum testosterone concentrations de-
cline, while concentrations of its main binding protein, sex
hormone-binding globulin (SHBG), increase (1). Obesity
and medical comorbidiries contribute to the decline in cir-
culating testosterone (2, 3). Obesity, particularly central
adiposity and insulin resistance, is associated with lower
SHBG concentrations, and liver or thyroid discase are asso-
ciated with higher SHBG concentrations (4, 5).

Previous studies have reported no associations of testos-
terone concentrations with mortality (6-10), or associated
lower testosterone with higher all-cause mortality (11-17).
Similarly, associations of testosterone concentrations with
cardiovascular disease (CVD)-related deaths are incon-
sistent: some studies reported no associations (6, 8, 10,
13, 17, 18), while others reported inverse associations (11,
12, 14, 15, 19). Cancer is another major cause of death.
Testosterone concentrations have been inversely associated
with cancer mortality in some studies (11, 16), positively
associated in one study (20), and not associated in other
studies (12, 19). Several cohort studies have reported no
association of SHBG concentrations with mortality, nor
with deaths from CVD (6, 8, 17-19, 21). Other studies in
middle-aged and older men (20, 22), and men with dia-
betes (23-25), associated higher SHBG concentrations with
mortality. In addition to inconsistent results, the heterogen-
eity of these studies with respect to geography, participant
selection, and covariates included in different analytical

models adds further uncertainty to the findings.

ENAOKPINOAOTIA = AIABHTOAQI'IA - METABOAIZMOZ €V8 )

To accommodate the relationship berween serum tesros-
terone and SHBG, free testosterone is commonly calculated
from (total) testosterone and SHBG using formulae based
on mass action equations (calculated free testosterone
[cFT]) (26, 27). Some studies reported similar findings for
¢FT and (roral) testosterone concentrations with respect to
mortality in men (10, 16, 19), whereas some reported as-
sociations of low ¢FT but not (total) testosterone with all-
cause (7, 9) or CVD-related mortality (20). Thus, studies of
¢FT and mortality risk in men have reported inconsistent
results, and it remains unclear whether ¢FT offers add-
itional information over testosterone alone for mortality-
related outcomes.

A sufficiently large dataser with a correspondingly large
number of outcome events would clarify the associations
of serum testosterone and SHBG with mortality, enabling
more precise estimates of effect sizes. Analysis of deaths
from any cause, CVD, and those that are cancer-related
could be performed. Associations of serum testosterone
and SHBG with mortality outcomes could also be com-
pared with associations of ¢FT. The UK Biobank, with a
large number of men from a broadly based community-
dwelling population who were prospectively followed for
outcome events, is ideally suited to this purpose (28).

We aimed to clucidate the associations of circulating
testosterone, SHBG, and ¢FT with overall mortality
and CVD and cancer-related deaths in a large cohort of

community-dwelling men aged 40-69 years from the UK
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Male hypogonadism (MH) is a common endocrine disorder. However, uncertainties

guidelines on testosterone replacement therapy that have been driven pre-

dominantly by single disciplines. The Society for Endocrinology commissioned this
Dr Richard Quinton, Endocrine Unit, Leazes
Wing - Level 6, Royal Victoria Infirmary,
Queen Victoria Rd, Newcastle-upon-Tyne, treating patients with MH. This guideline has been compiled using expertise from
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new guideline to provide all care providers with a multidisciplinary approach to

endocrine (medical and nursing), primary care, clinical biochemistry, urology and
reproductive medicine practices. These guidelines also provide a patient perspective

to help clinicians best manage MH.
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Abstract

Background: A severe male infertility factor has been associated with both lower
health status and increased mortality in infertile men.

Objectives: To investigate reproductive factors associated with health status impair-
ment in infertile men over a 10-year time frame since the first clinical evaluation.
Materials and methods: Data from 899 infertile men were analysed at baseline
between 2003 and 2010. Health-significant comorbidities were scored with the Charl-
son Comorbidity Index. Patients were followed up yearly recording any worsening in
their health status until 2019. Cox regression models were used to estimate hazard
ratios and 95% confidence intervals of Charlson Comorbidity Index score increase.
Results: At a median follow-up of 136 months (Interquartile range: 121, 156), 85 men
(9.5%) depicted an increase of their baseline Charlson Comorbidity Index score of at
least one point. The most frequent reason for Charlson Comorbidity Index upgrade was
cancer (34%), cardiovascular diseases (29%) and diabetes mellitus (22%). Compared
to patients without a Charlson Comorbidity Index increase, patients with a Charl-
son Comorbidity Index increase presented with higher body mass index and follicle-
stimulating hormone values, a higher rate of baseline Charlson Comorbidity Index > 1
(all p < 0.01) and a greater proportion of non-obstructive azoospermia (p < 0.001). In
the Cox regression model, the patient’s BMI (p < 0.001), baseline Charlson Comorbid-
ity Index > 1 (p < 0.01) and azoospermia status (p = 0.001) were found to be indepen-
dently associated with Charlson Comorbidity Index increases.

Conclusions: Almost 10% of men presenting for primary infertility had a decrease of
the overall health status already in the relatively short 10-year time frame after the
first presentation. Non-obstructive azoospermic men showed the worst health status

impairment and should be strictly followed-up regardless of their fertility status.

KEYWORDS
comorbidities, follow-up, health, infertility, male, risk factor, spermatozoa

© 2021 American Society of Andrology and European Academy of Andrology
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Purpose: The summary presented herein represents Part I of the two-part series dedicated to the Diagnosis and Treatment of Infertility
in Men: AUA/ASRM Guideline. Part I outlines the appropriate evaluation of the male in an infertile couple. Recommendations proceed
from obtaining an appropriate history and physical exam (Appendix I), as well as diagnostic testing, where indicated. .
Materials/Methods: The Emergency Care Research Institute Evidence-based Practice Center team searched PubMed", Embase”, and
Medline from January, 2000 through May, 2019. When sufficient evidence existed, the body of evidence was assigned a strength
rating of A (high), B (moderate), or C (low) for support of Strong, Moderate, or Conditional Recommendations. In the absence of
sufficient evidence, additional information is provided as Clinical Principles and Expert Opinions. (Iable 1) This summary is being
simultaneously published in Fertility and Sterility and The Journal of Urology.

Results: This Guideline provides updated, evidence-based recommendations regarding evaluation of male infertility as well as the
association of male infertility with other important health conditions. The detection of male infertility increases the risk of
subsequent development of health problems for men. In addition, specific medical conditions are associated with some causes for
male infertility. Evaluation and treatment recommendations are summarized in the associated algorithm. (Figure 1)

Conclusion: The presence of male infertility is crucial to the health of patients and its effects must be considered for the welfare of
society. This document will undergo updating as the knowledge regarding current treatments and future treatment options continues
to expand. (Fertil Steril® 2021;115:54-61. ©2020 by American Urological Association Education and Research, Inc. and American So-
ciety for Reproductive Medicine.)

El resumen esta disponible en Espanol al final del articulo.

Keywords: Male infertility, evaluation, chemotherapy, surgery, health
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BACKGROUND

The overall goal of the male evaluation
is to identify conditions that may affect
management or health of the patient or
their offspring. The specific goals of the
evaluation of the infertile male are to
identify the following:

o potentially correctable conditions;

e irreversible conditions that are
amenable to assisted reproductive
technologies (ART)using the sperm
of the male partner;

o irreversible conditions that are not
amenable to the above, and for

which donor insemination or adop-
tion are possible options;

e life- or health-threatening condi-
tions that may underlie the infertility
or associated medical comorbidities
that require medical attention; and

e genetic abnormalities or lifestyle and
age factors that may affect the health
of the male patient or of offspring
particularly if ART arc to be
employed.

In this guideline, the term “male” or

“men” is used to refer to biological or

genetic men.

The complete unabridged version of the guideline is available at https:fwww.asrm.org/news-and-

publications/practice-committee-documents/.

Fertility and Sterility® Vol. 115, No. 1, January 2021 0015-0282/$36.00
Copyright 2020 by American Urological Association Education and Research, Inc. and American 5o-
ciety for Reproductive Medicine. Published by Elsevier Inc.

https://doi.org/10.1016/j fertnstert.2020.11.015

GUIDELINE STATEMENTS
Assessment

1. For initial infertility evaluation,
both male and female partners
should undergo concurrent assess-
ment. (Expert Opinion)

2. Initial evaluation of the male for
fertility should include a reproduc-
tive history. (Clinical Principle)
Initial evaluation of the male should
also include one or more semen an-
alyses (SAs). (Strong Recommenda-
tion; Evidence Level: Grade B)

3. Men with one or more abnormal
semen parameters or presumed male
infertility should be evaluated by a
male reproductive expert for complete
history and physical examination as
well as other directed tests when indi-
cated. (Expert Opinion)
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Purpose: The summary presented herein represents Part 11 of the two-part series dedicated to the Diagnosis and Treatment of Infertility
in Men: AUA/ASRM Guideline. Part 11 outlines the appropriate management of the male in an infertile couple. Medical therapies,
surgical techniques, as well as use of intrauterine insemination (IUI)/in vitro fertilization (IVF)/intracytoplasmic sperm injection
(ICSI) are covered to allow for optimal patient management. Please refer to Part I for discussion on evaluation of the infertile male
and discussion of relevant health conditions that are associated with male infertility.

Materials/Methods: The Emergency Care Research Institute Evidence-based Practice Center team searched PubMed®, Embase®, and
Medline from January 2000 through May 2019. When sufficient evidence existed, the body of evidence was assigned a strength rating
of A (high), B (moderate), or C (low) for support of Strong, Moderate, or Conditional Recommendations. In the absence of sufficient
evidence, additional information is provided as Clinical Principles and Expert Opinions. (Table 1) This summary is being
simultaneously published in Fertility and Sterility and The Journal of Urology.

Results: This Guideline provides updated, evidence-based recommendations regarding management of male infertility. Such
recommendations are summarized in the associated algorithm. (Figure 1)

Conclusion: Male contributions to infertility are prevalent, and specific treatment as well as assisted reproductive techniques are effec-
tive at managing male infertility. This document will undergo additional literature reviews and updating as the knowledge regarding
current treatments and future treatment options continues to expand. (Fertil Steril® 2021;115:62-9. ©2020 by American Urological
Association Education and Research, Inc. and American Society for Reproductive Medicine.)

El resumen esta disponible en Espaiiol al final del articulo.

Keywords: Male infertility, evaluation, chemotherapy, surgery, health

BACKGROUND

Failure to conceive within 12 months of
attempted conception is due in whole or
in part to the male in approximately
one-half  of all infertile couples.
Although many couples can achieve a
pregnancy with assisted reproductive
technologies (ART), evaluation of the
male is important to identify conditions
that may be medically important,
counsel men regarding future health
considerations and to most appropri-
ately direct therapy. Most male factor
conditions are specifically treatable
with medical or surgical therapy, while

others may only be managed with
donor sperm or adoption.

In this guideline, the term “male” or
“men” is used to refer to biological or
genetic men.

Treatment

Varicocele Repair/Varicocelectomy.

25. Surgical varicocelectomy should
be considered in men attempting
to conceive, who have palpable
varicocele(s), infertility, and
abnormal  semen  parameters,
except  for azoospermic  men.
(Moderate Recommendation; Evi-
dence Level: Grade B)

The complete unabridged version of the guideline is available at https/fwww.asrm.org/news-and-

publications/practice-committee-documents/.

Fertility and Sterility® Vol. 115, No. 1, January 2021 0015-0282/536.00
Copyright ©2020 by American Urological Association Education and Research, Inc. and American So-
ciety for Reproductive Medicine. Published by Elsevier Inc.

https:/idoi.org/10.1016/j.fertnstert.2020.11.016

26, Clinicians should not recommend
varicocelectomy for men with non-
palpable varicoceles detected solely
by imaging. (Strong Recommenda-
tion; Evidence Level: Grade ()

27. For men with clinical varicocele
and non-obstructive azoospermia
(NOA),  couples  should be
informed of the absence of defin-
itive evidence supporting varico-
cele repair prior to ART. (Expert
Opinion)

Varicoceles have long been recog-
nized as a condition that can affect
male fertility, where correction of a
clinical varicocele can result in sub-
stantial improvements in semen pa-
rameters and the chance of achieving
a pregnancy. The largest most recent
meta-analysis by Wang et al. reported
significantly higher pregnancy rates
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Context: The present summary of the European Association of Urology (EAU) guidelines
is based on the latest guidelines on male sexual health published in March 2021, with a
last comprehensive update in January 2021,

Objective: To present a summary of the 2021 version of the EAU guidelines on sexual and
reproductive health.

Evidence acquisition: A literature review was performed up to January 2021, The guide-
lines were updated, and a strength rating for each recommendationwas included based on
either a systematic review of the evidence or a consensus opinion from the expert panel.
Evidence synthesis: Late-onset hypogonadism is a clinical condition in the ageing male
combining low levels of circulating testosterone and specific symptoms associated with
impaired hormone production and/or action. A comprehensive diagnostic and thera-
peutic work-up, along with screening recommendations and contraindications, is
provided. Erectile dysfunction (ED) is the persistent inability to attain and maintain
an erection sufficient to permit satisfactory sexual performance. Along with a detailed
basic and advanced diagnostic approach, a novel decision-making algorithm for treating
ED inorder to better tailor therapy to individual patients is provided. The EAU guidelines
have adopted the definition of premature ejaculation (PE), which has been developed by
the International Society for Sexual Medicine. After the subtype of PE has been defined,
patient's expectations should be discussed thoroughly and pharmacotherapy must be
considered as the first-line treatment for patients with lifelong PE, whereas treating the
underlying cause must be the initial goal for patients with acquired PE. Haemospermia is
defined as the appearance of blood in the ejaculate. Several reasons of haemospermia
have been acknowledged; the primary goal over the management work-up is to exclude
malignant conditions and treat any other underlying cause.

Conclusions: The 2021 guidelines on sexual and reproductive health summarise the
most recent findings, and advise in terms of diagnosis and treatment of male hypogo-
nadism and sexual dysfunction for their use in clinical practice. These guidelines reflect
the multidisciplinary nature of their management.

Patient summary: Updated European Association of Urology guidelines on sexual and
reproductive health are presented, addressing the diagnosis and treatment of the most
prevalent conditions in men. Patients must be fully informed of all relevant diagnostic
and therapeutic options and, together with their treating physicians, decide on optimal
personalised management strategies.

© 2021 European Association of Urology. Published by Elsevier B.V. All rights reserved.

1. Introduction

2. Evidence acquisition

The most recent summary of the European Association of
Urology (EAU) guidelines on male sexual health were
published in 2010 [ 1] and 2012 |2]. The present summary is
based on the latest guidelines published in March 2021 3],
with the last comprehensive update in January 2021. The
2021 version of the EAU guideline document is a further
comprehensive update of the 2020 guidelines, which
already includes an update of the 2018 versions of male
sexual dysfunction, Male infertility, and male hypogonad-
ism, along with several new topics. It must be emphasised
that guidelines present the best evidence available to the
experts, who have participated fully in the evaluation of all
the material revised systematically for individual chapters.

This article summarises the EAU guideline recommen-
dations on male sexual health management (namely, late-
onset hypogonadism [LOH], erectile dysfunction [ED],
premature ejaculation [PE], and recurrent haemospermia).
The panel presents a summary of these latter conditions
because of their epidemiological importance, and a number
of innovative updates in terms of their management and
their relevance to men's health. Moreover, the full text on
male sexual health management can be found in the EAU
guideline textbook and at uroweb.org [3].

The panel performed a broad and comprehensive literature
search, covering all sections of the guidelines. Databases
searched included Medline, EMBASE, and the Cochrane
Libraries, covering a time frame between 2013 and 2020 and
restricted to English-language publications.

A strength rating has been provided for each recommen-
dation according to the EAU Guideline Office methodology
(modified from the Grading of Recommendations Assessment,
Development and Evaluation [GRADE] methodology) [4].

3. Evidence synthesis
3.1.  Male hypogonadism

3.1.1.  Definition and epidemiology

Male hypogonadism is a disorder associated with decreased
functional activity of the testes, with decreased production
andfor action of androgens and/or impaired sperm produc-
tion [5]. This is caused by poor testicular function or as a
result of inadequate stimulation of the testes by the
hypothalamic-pituitary-gonadal (HPG) axis. Likewise, sev-
eral congenital or acquired disorders causing impaired
action of androgens have also been described [5].
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Abstract

Context: Low total 25-hydroxyvitamin D (25(0OH)D) has been associated with mortality.
Whether vitamin D in its free form or 1,25-dihydroxyvitamin D (1,25(0OH),D), provide any
additional information is unclear.
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Abstract

Androgens are potent drugs reguiring prescription for valid medical indications but
are misused for invalid, unproven, or off-label reasons as well as being abused without
prescription for illicit nonmedical application for performance or image enhancement.
Following discovery and first clinical application of testosterone in the 1930s, commer-
cialization of testosterone and synthetic androgens proliferated in the decades after
Werld War II. It remains among the oldest marketed drugs in therapeutic use, yet after
8 decades of clinical use, the sole unequivocal indication for testosterone remains in
replacement therapy for pathological hypogonadism, organic diserders of the male re-
productive system. Nevertheless, wider claims assert unproven, unsafe, or implausible
benefits for testosterone, mostly representing wishful thinking about rejuvenation. Over
recent decades, this created an epidemic of testosterone misuse involving prescription
as a revitalizing tonic for anti-aging, sexual dysfunction and/or obesity, where efficacy
and safety remains unproven and doubtful. Androgen abuse originated during the Cold
War as an epidemic of androgen doping among elite athletes for performance enhance-
ment before the 1980s when it crossed over into the general community to become an
endemic variant of drug abuse in sufficiently affluent communities that support an il-
licit drug industry geared to bodybuilding and aiming to create a hypermasculine body
physigue and image. This review focuses on the misuse of testosterone, defined as pre-
scribing without valid clinical indications, and abuse of testosterone or synthetic an-
drogens (androgen abuse), defined as the illicit use of androgens without prescription
or valid indications, typically by athletes, bodybuilders and others for image-oriented,
cosmetic, or occupational reasons.

Key Words: androgen, aging, testosterong, synthetic androgens, SARMs, anabolic steroid, drug abuse
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Abstract

Background: It is now 11 years since publication of the WHO 2010 guidelines for
semen assessment values, and it is critical to determine whether they are still valid
and/or whether they should be modified.

Objectives: To utilise data published since 2010 and combine these with data used in
the 2010 assessment to provide an updated and more comprehensive representation
of the fertile man. This may be utilised to present an updated distribution of values
for use by WHO in 2021.

Materials and Methods: Two specific analyses were performed namely, (1) Analysis
1: Examination of published data following publication of WHO 2010 [termed 2010-
2020 data]. (2) Analysis 2: Examination of the data used to help formulate the 2010
distribution of values combined with the data from Analysis (1) [termed WHO 2020].
Results: In total, data from more than 3500 subjects, from twelve countries and five
continents were analysed. The 5™ centile values for concentration, motility and mor-
phology are: 16 x 10%/ml, 30% progressive motility [42% total motility] and 4% normal
forms.

Discussion: This study presents substantial additional information to establish more
comprehensive and globally applicable lower reference values for semen parameters
for fertile men although they do not represent distinct limits between fertile and sub-
fertile men. There are still data missing from many countries and, some geographical
regions are not represented. Moreover, the number of subjects although significant is
still relatively low (<4000).

Conclusion: These distributions of values now include semen analysis providing a
more global representation of the fertile man. Increasing the number of subjects pro-
vides robust information that is also more geographically representative.

KEYWORDS
semen analysis, WHO, reference values, fertile man

[Correction added on XX April 2021, after first online publication: the funding information has been updated in this version].
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Effect of varicocelectomy on sperm
deoxyribonucleic acid fragmentation
rates in infertile men with clinical
varicocele: a systematic review and
meta-analysis

Filipe Tendrio Lira Neto, M.D.,*P Matheus Roque, M.D., Ph.D_,“ and Sandro C. Esteves, M.D., Ph.D @&t

@ Andros Recife, Andrology Clinic, Recife, Brazil; ® Department of Urology, Instituto de Medicina Integral Professor
Fernando Figueira, Recife, Brazil; © Department of Reproductive Medicine, Mater Prime, 04029-200 Sao Paulo, Brazil;
9 ANDROFERT, Andrology and Human Reproduction Clinic, Referral Center for Male Reproduction, 13075-460 Campinas,
Brazil; © Division of Urclogy, Department of Surgery, University of Campinas (UNICAMP), Campinas, Brazil, and
f Department of Clinical Medicine, Faculty of Health, Aarhus University, Aarhus, Denmark

Objective: To evaluate the effect of varicocelectomy on sperm deoxyribonucleic acid fragmentation (SDF) rates in infertile men with
clinical varicocele.

Design: Systematic review and meta-analysis.

Setting: Not applicable.

Patient(s): Infertile men with clinical varicocele subjected to varicocelectomy.

Intervention(s): Systematic search using PubMed/Medline, EMBASE, Cochrane's central database, Scielo, and Google Scholar to
identify relevant studies published from inception until January 2021. We included studies comparing SDF rates before and after
varicocelectomy in infertile men with clinical varicocele.

Main Outcome Measure(s): The primary outcome was the difference between the SDF rates before and after varicocelectomy. A meta-
analysis of weighted data using random-effects models was performed. Results were reported as weighted mean differences (WMD) with
95% confidence intervals (Cls). Subgroup analyses were performed on the basis of the SDF assay, varicocelectomy technique,
preoperative SDF levels, varicocele grade, follow-up time, and study design.

Result(s): Nineteen studies involving 1,070 patients provided SDF data. Varicocelectomy was associated with reduced postoperative
SDF rates (WMD —7.23%; 95% CI: —8.86 to —5.59; F=9 19%). The treatment effect size was moderate (Cohen’s d = 0.68; 95% C1: 0.77 to
0.60). The pooled results were consistent for studies using sperm chromatin structure assay, terminal deoxynucleotidyl transferase-
mediated dUTP-biotin nick end labeling, sperm chromatin dispersion test, and microsurgical varicocele repair. Subgroup analyses
showed that the treatment effect was more pronounced in men with elevated vs. normal preoperative SDF levels, but the impact of
varicocele grade remained equivocal. Meta-regression analysis demonstrated that SDF decreased after varicocelectomy as a function
of preoperative SDF levels (coefficient: 0.23; 95% CI: 0.07 to 0.39).

Conclusion(s): We concluded that pooled results from studies including infertile men with clinical varicocele indicated that varicoce-
lectomy reduced the SDF rates. The treatment effect was greater in men with elevated (vs. normal) preoperative SDF levels. Further
research is required to determine the full clinical implications of SDF reduction for these men. (Fertil Steril® 2021;116:696-712.
©2021 by American Society for Reproductive Medicine.)

El resumen esta disponible en Espaiol al final del articulo.

Key Words: Male infertility, oxidative stress, semen, sperm DNA fragmentation, varicocele

Discuss: You can discuss this article with its authors and other readers at https://www.fertstertdialog.com/posts/32128
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RANKL regulates male reproductive function

Martin Blomberg Jensen® 2™, Christine Hjorth Andreassen® 7, Anne largensen® *7, John Erik Nielsen®,
Li Juel Mortensen?, Ida Marie Boisen'?, Peter Schwarz® **, lorma Toppari®, Roland Baron® ?,
Beate Lanske? & Anders Juul®®

Infertile man have few treatment options. Here, we demonstrate that the transmembrane
receptor activator of MF-kB ligand (RAMNKL) signaling system is active in mouse and human
testis. RANKL is highly expressed in Sertali cells and signals through RANEK, expressed in
most germ cells, whereas the RANEL-inhibitor ostecprotegerin (OPG) is expressed in germ
and peritubular cells. OPG treatment increases wild-type mouse sperm counts, and mice with
glabal or Sertali-specific genefic suppression of Rankl have increased male fertility and sperm
counts, Moreover, RAMNEL levels in seminal fluid are high and distinguishes normal from
infertile men with higher specificity than total sperm count, In infertile men, one dose of
Denosumab decreases RAMNKL seminal fluid concentration and increases serum Inhibin-B and
anti-Millerian-hormone levels, but semen quality only in a subgroup, This translational study
suggests that RANKL is a regulator of male reproductive function, however, predictive bio-

markers for treatment-outcome requires further investigation in placebo-controlled studies.
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Reproduction and International Center for Research and Research Traiming in Endoenine Disruption of Male Reproduetion and Child Health (EDMaRC),
Rigshospitalet, University of Copenbagen, Copenhagan, Denmark. dDepar1ment of Endocrinalogy, Rigshespitalet, University of Copenhagen,
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Serum Insulin-like Factor 3 Levels Are Reduced
in Former Androgen Users, Suggesting Impaired
Leydig Cell Capacity
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Abstract

Context: lllicit use of anabolic androgenic steroids (AAS) is frequently observed in
men and is associated with subsequent testosterone deficiency although the long-term
effect on gonadal function is still unclear. Serum insulin-like factor 3 (INSL3) has been
suggested to be a superior biomarker of Leydig cell secretory capacity compared to
testosterone.

Objective: This study aimed to investigate serum INSL3 concentrations in AAS users.
Methods: This community-based, cross-sectional study included men aged 18 to
50 years, involved in recreational strength training and allocated to 1 of 3 groups: never-
AAS users as controls (n = 44), current (n = 46), or former AAS users (n = 42) with an
average duration since AAS cessation of 32 (23 ; 45) months.

Results: Serum INSL3 was lower in current AAS users and former AAS users than in
controls, median (interquartile range), 0.04 pg/L (nondetectable [ND]-0.07 ng/L) and
0.39 ng/L (0.24-0.62 ng/L) vs 0.59 pg/L (0.45-0.72 ng/L), P less than .001. Former AAS users
exhibited lower serum INSL3 levels than controls in a multivariable linear regression
even after adjusting for serum total testosterone (TT) and other relevant confounders,
(B) (95% Cl), -0.16 ng/L (95% CI, -0.29 to -0.04 ng/L), P equal to .011. INSL3 and TT were
not associated in the model, P equal to .821. Longer accumulated AAS duration (log2)
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Abstract

Androgens are potent drugs requiring prescription for valid medical indications but
are misused for invalid, unproven, or off-label reasons as well as being abused without
prescription for illicit nonmedical application for performance or image enhancement.
Following discovery and first clinical application of testosterone in the 1930s, commer-
cialization of testosterone and synthetic androgens proliferated in the decades after
World War Il. It remains among the oldest marketed drugs in therapeutic use, yet after
8 decades of clinical use, the sole unequivocal indication for testosterone remains in
replacement therapy for pathological hypogonadism, organic disorders of the male re-
productive system. Nevertheless, wider claims assert unproven, unsafe, or implausible
benefits for testosterone, mostly representing wishful thinking about rejuvenation. Over
recent decades, this created an epidemic of testosterone misuse involving prescription
as a revitalizing tonic for anti-aging, sexual dysfunction and/or obesity, where efficacy
and safety remains unproven and doubtful. Androgen abuse originated during the Cold
War as an epidemic of androgen doping among elite athletes for performance enhance-
ment before the 1980s when it crossed over into the general community to become an
endemic variant of drug abuse in sufficiently affluent communities that support an il-
licit drug industry geared to bodybuilding and aiming to create a hypermasculine body
physique and image. This review focuses on the misuse of testosterone, defined as pre-
scribing without valid clinical indications, and abuse of testosterone or synthetic an-
drogens (androgen abuse), defined as the illicit use of androgens without prescription
or valid indications, typically by athletes, bodybuilders and others for image-oriented,
cosmetic, or occupational reasons.

Key Words: androgen, aging, testosterone, synthetic androgens, SARMs, anabolic steroid, drug abuse
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Prenatal chemical exposures and semen parameters 1949

WIDER IMPLICATIONS OF THE FINDINGS: Our observations reinforce the need to inform pregnant women of potential hazards
during pregnancy that could impair their child’s fertility. Additional studies are needed to confirm the involvement of EDCs.

STUDY FUNDING/COMPETING INTEREST(S): This work was supported by the Swiss Centre for Applied Human Toxicology:
SCAHT and the ‘Fondation privée des Hopitaux Universitaires de Genéve’. The collection of human biological material used for this study
was supported by the FABER Foundation, the Swiss National Science Foundation (SNSF): NFP 50 ‘Endocrine Disruptors: Relevance to
Humans, Animals and Ecosystems’, the Medical Services of the Swiss Army (DDPS) and Medisupport. The authors declare they have no
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Maternal occupational exposure to

endocrine-disrupting chemicals during
pregnancy and semen parameters in
adulthood: results of a nationwide
cross-sectional study among Swiss
conscripts
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Submitted on October 5, 2020; resubmitted on January 23, 202 |; editorial decision on January 28, 202

STUDY QUESTION: Is there a relationship between maternal occupational exposure to endocrine-disrupting chemicals (EDCs) during
pregnancy and the semen quality of their sons?

SUMMARY ANSWER: Our results suggest an association between maternal occupational exposure to potential EDCs, especially to
pesticides, phthalates and heavy metals, and a decrease in several semen parameters.

WHAT IS KNOWN ALREADY: Sexual differentiation, development and proper functioning of the reproductive system are largely
dependent on steroid hormones. Although there is some animal evidence, studies on maternal exposure to EDCs during pregnancy and its
effect on the semen quality of sons are scarce and none have focused on maternal occupational exposure.

STUDY DESIGN, SIZE, DURATION: A cross-sectional study aiming to evaluate semen quality was carried out among Swiss conscripts
aged 18 to 22 years between 2005 and 2017.

PARTICIPANTS/MATERIALS, SETTING, METHODS: Conscript and parent questionnaires were completed prior to the collection
of a semen sample. Semen parameters were categorised according to the guidelines of the World Health Organization (WHO). Data on
maternal employment during pregnancy were provided by the parent questionnaire. Maternal occupational exposure to potential EDC
categories was defined using a job-exposure matrix (JEM). Logistic regressions were used to analyse the relationship between maternal
occupational exposure to EDCs and each semen parameter adjusted for potential confounding factors. Results are presented using odds
ratios and 95% confidence intervals.

MAIN RESULTS AND THE ROLE OF CHANCE: In total, 1,737 conscripts provided a conscript and parent questionnaire, as well as a
semen sample; among these 1,045 of their mothers worked during pregnancy. Our study suggests an association between occupational
exposure of mothers during pregnancy to potential EDCs and low semen volume and total sperm count, particularly for exposure to
pesticides (OR 2.07, 95% CI 1.11-3.86 and OR 2.14, 95% Cl 1.05-4.35), phthalates (OR 1.92, 95% CI 1.10-3.37 and OR 1.89, 95% ClI
1.01-3.55), and heavy metals (OR 2.02, 95% CI 1.14-3.60 and OR 2.29, 95% CI 1.21-4.35). Maternal occupational exposure to heavy
metals was additionally associated with a low sperm concentration (OR 1.89, 95% CI 1.06-3.37).

LIMITATIONS, REASONS FOR CAUTION: Several limitations should be noted, such as the indirect method for maternal
occupational exposure assessment during the pregnancy (JEM) and the cross-sectional design of the study.

© The Author(s) 2021. Published by Oxford University Press on behalf of European Society of Human Reproduction and Embryology. All rights reserved.
For permissions, please email: journals.permissions@oup.com
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Introduction

Humans are exposed to numerous environmental agents that can be
harmful for their reproductive capacity. In particular, male reproductive
function is known to be highly sensitive to a number of chemical com-
pounds generated by industrial and agricultural activities (Bonde et al.,
1996; Spira and Multigner, 1998). There is convincing evidence that
exposure to chemical agents present in certain occupational activities
and environments during adulthood can affect testicular function and
male fertility (De Fleurian et al., 2009; Wang et al., 2016; Sifakis et al.,
2017; Radke et al., 2018). Furthermore, exposure during antenatal de-
velopment is suspected to influence male reproductive health later in
life, including fertility (Guo et al, 2000; Charlier and Foidart, 2005;
Mocarelli et al, 201 1; Axelsson et al., 2015; Ho et al., 2017; Hart
et al, 2018a).

Sexual development and proper functioning of the reproductive sys-
tem are largely dependent on steroid hormones. It has been suggested
that developmental exposure to chemicals with hormonal properties,
also called endocrine-disrupting chemicals (EDCs), particularly those
that mimic steroid sex hormones, alter the endocrine system and can
lead to reproductive dysfunction in adulthood (Sharpe and
Skakkebaek, 1993).

Numerous animal studies have shown that gestational exposure to
selected EDCs may influence male reproductive-tract development, in-
cluding that of the testis as well as sperm production and quality in
adulthood (Sharpe, 2001; Ho et al, 2017). However, human studies
are scarce (Bonde et al., 2016). Most available studies in humans have
focused on individual chemical agents, based on samples of limited
size, and have reported inconsistent results. Although several studies
have reported reduced sperm parameters (number, motility and mor-
phology) or reduced fecundity in men born to mothers who took di-
ethylstilbestrol during pregnancy, others have not (Giusti et al., 1995;
Ho et al., 2017). Maternal exposure to the industrial by-products poly-
chlorinated bipehnyls (PCBs) during pregnancy was shown to be asso-
ciated with impaired sperm motility and morphology in the context of
the ingestion of contaminated oil in food (Guo et al., 2000) but this as-
sociation was not observed in young Danish men prenatally exposed
to background levels (Vested et al., 2014). Charlier and Foidart
(Charlier and Foidart, 2005) reported higher maternal levels of p, p’-
dichlorodiphenyldichloroethylene (DDE, the main persistent metabo-
lite of the insecticide dichlorodiphenyltrichloroethane, DDT) in |9 sub-
fertile men relative to 23 fertile men at the time of semen analysis in a
small case-control study. However, in a Danish population-based preg-
nancy cohort, maternal levels of p'p’-DDE and PCBs during pregnancy
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were not associated with later semen quality in 166 sons in early adult
life (Vested et al., 2014). Exposure to heptachlor epoxide during preg-
nancy following milk contamination in Hawaii was also not associated
with semen parameters of 216 young men (Luderer et al., 2013). Two
mother—child cohorts have studied maternal exposure to phthalates
during pregnancy and semen parameters in adulthood. One was
conducted in Sweden on |12 conscripts and showed an association
between maternal concentrations of two phthalate metabolites,
mono-carboxy-iso-octyl phthalate (MCiOP) and mono-(2-ethyl-5-
hydroxylhexyl) phthalateand low semen volume (Axelsson et al.,
2015). The second focused on |l men from the Raine Australian
pregnancy cohort and found an association between mono-ethyl
phthalateand low semen volume and between MCIiOP and lowsperm
motility (Hart et al., 2018b). Finally, maternal exposure to bisphenol A
(BPA) during pregnancy has been shown to positively but marginally
correlate with sperm concentration and sperm motility in young men
(Hart et al., 2018a). The overall inconsistency of these results may be
explained by different levels of exposure between studies and potential
residual confounding and exposure measurement error, particularly
for non-persistent chemicals, such as phthalates and BPA, for which
exposure was determined using only one or two measurements.

None of the above studies have examined occupational exposure
to EDCs during pregnancy, a situation in which exposure is likely
greater than that for the general population. Here, we sought to assess
whether occupational exposure during pregnancy to potential EDCs,
according to the classification and job-exposure matrix (JEM) devel-
oped by Van Tongeren et al. (2002) and expanded by Brouwers et al.
(2009), could be associated with semen quality in young adult men.

Materials and methods

Study population

This cross-sectional study took place in Switzerland, where the military
draft system requires that more than 97% of all young men aged be-
tween |8 and 22 years attend a 2- to 3-day military camp to undergo
a medical examination for determination of their fitness for military
service. Young men with a serious chronic disease or physical or men-
tal disability were excluded from the study. Between 2005 and 2017,
conscripts of all recruitment centres, covering all 26 cantons (member
states of the Swiss confederation) located in Lausanne (Vaud), Ruti
(Zirich), Windisch (Aargau), Monteceneri (Ticino), Sumiswald (Bern)
and Mels (St-Gallen), were sequentially invited to participate in this
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Infertile men have few treatment options. Here, we demonstrate that the transmembrane
receptor activator of NF-kB ligand (RANKL) signaling system is active in mouse and human
testis. RANKL is highly expressed in Sertoli cells and signals through RANK, expressed in
most germ cells, whereas the RANKL-inhibitor osteoprotegerin (OPG) is expressed in germ
and peritubular cells. OPG treatment increases wild-type mouse sperm counts, and mice with
global or Sertoli-specific genetic suppression of Rankl have increased male fertility and sperm
counts. Moreover, RANKL levels in seminal fluid are high and distinguishes normal from
infertile men with higher specificity than total sperm count. In infertile men, one dose of
Denosumab decreases RANKL seminal fluid concentration and increases serum Inhibin-B and
anti-Millerian-hormone levels, but semen quality only in a subgroup. This translational study
suggests that RANKL is a regulator of male reproductive function, however, predictive bio-
markers for treatment-outcome requires further investigation in placebo-controlled studies.
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Abstract

The WHO Classification of Endocrine Tumours designates pituitary neoplasms as aden-
omas. A proposed nomenclature change to pituitary neuroendocrine tumors (PitNETs)
has been met with concern by some stakeholder groups. The Pituitary Society coordin-
ated the Pituitary Neoplasm Nomenclature (PANOMEN) workshop to address the topic.
Experts in pituitary developmental biology, pathology, neurosurgery, endocrinology,
and oncology, including representatives nominated by the Endocrine Society, European
Society of Endocrinology, European Neuroendocrine Association, Growth Hormone
Research Society, and International Society of Pituitary Surgeons. Clinical epidemiology,
disease phenotype, management, and prognosis of pituitary adenomas differ from that
of most NETs. The vast majority of pituitary adenomas are benign and do not adversely
impact life expectancy. A nomenclature change to PitNET does not address the main
challenge of prognostic prediction, assigns an uncertain malignancy designation to be-
nign pituitary adenomas, and may adversely affect patients. Due to pandemic restric-
tions, the workshop was conducted virtually, with audiovisual lectures and written précis
on each topic provided to all participants. Feedback was collated and summarized by
Content Chairs and discussed during a virtual writing meeting moderated by Session
Chairs, which yielded an evidence-based draft document sent to all participants for re-
view and approval. There is not yet a case for adopting the PitNET nomenclature. The
PANOMEN Workshop recommends that the term adenoma be retained and that the topic
be revisited as new evidence on pituitary neoplasm biology emerges.
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Abstract

Guidelines and consensus statements ensure that physicians managing acromegaly patients have access to current information
on evidence-based treatments to optimize outcomes. Given significant novel recent advances in understanding acromegaly
natural history and individualized therapies, the Pituitary Society invited acromegaly experts to critically review the current
literature in the context of Endocrine Society guidelines and Acromegaly Consensus Group statements. This update focuses
on how recent key advances affect treatment decision-making and outcomes, and also highlights the likely role of recently
FDA-approved therapies as well as novel combination therapies within the treatment armamentarium.

Table 1 Presentation. monitoring, and oulcomes: summary points

Presentation, comorbidities, and mortality

Although men present at a younger age than do women, women may show both increased incidence and mortality risk. (MQ, DR)

Biochemical control remains the strongest predictor of patient outcomes, reflecting improvements in glucose metabolism, OSA, cardiovascular
disease, and VFs. However, structural heart and joint changes are unlikely to resolve. (MQ. DR)

The observed decline in reported mortality among acromegaly patients is likely due to more effective therapies, which, in turn, yield higher
biochemical control rates and reduce the likelihood of developing respiratory and cardiovascular comorbidities that increase mortality. Rate
of thyroid malignancies is not greater among acromegaly patients than among those without the condition. After screening colonoscopy at
diagnosis, further testing should be performed similar to the general population, as per previous recommendations. (LQ, DR)

Assays

Reference GH nadir levels after OGTT using the IDS-iSYS assay accounting for BMI, sex, and ethinylestradiol-containing oral contraceptive use
confirm the importance of these factors as confounders in GH measurements. (MQ, SR)

IGF-I levels measured 6 weeks postoperatively can be used in most patients to assess remission, although patients with mildly elevated IGF-I
may yet normalize by 3-6 months. (MQ. SR)

Sex, age, and surgical outcomes

Women, especially when postmenopausal, may exhibit lower surgical remission rates from TSS, as they tend to have larger and more invasive
tumors that are less amenable to total resection. (LQ, DR)

Patient age is likely not a predictor of surgical outcomes, nor does it impact the favorable effects of postsurgical remission on alleviating disease
comorbidities. (LQ. DR)

Radiotherapy outcomes

Long-term follow-up of patients treated with SRS and FRT show that approximately half achieve and maintain biochemical control. However, up
to one-third of patients with normal pituitary function develop hypopituitarism. confirming the need for ongoing monitoring. (LQ. SR)

Table2 Medical therapy: summary points

Injectable SRL

Older age, female sex, lower IGF-I levels, and tumor T2 MRI hypointensity at baseline predict more favorable long-term biochemical responses
to primary lanreotide 120 mg therapy every 4 weeks. (MQ. SR)

Recent studies confirm that extended-dosing intervals (> 4 weeks) for 120 mg lanreotide may be effective among selected patients previously
controlled with long-acting SRLs. (LQ, DR)

Several studies confirm efficacy of pasireotide LAR for some patients uncontrolled on lanreotide or octreotide LAR. However, rates of treatment-
induced hyperglycemia and DM are high, requiring careful monitoring for glycemic side effects. (HQ, SR)

Pegvisomant

Ten-year follow-up from ACROSTUDY shows a 73% biochemical control rate with very low rates of transient elevated transaminases and 6.8%
exhibiting tumor growth visible on MRI. (HQ, SR)

Pegvisomant use in patients with DM improves glucose metabolism independent of IGF-1 control, but does not affect glycemic endpoints in
patients without DM. (MQ, SR)

Patients with DM and those with a higher BMI require higher doses of pegvisomant and more rapid up-titration to achieve IGF-I normalization.
(MQ, SR)

Combination therapy with SRL + pegvisomant

Low-dose octreotide LAR or lanreotide plus weekly pegvisomant is a cost-effective and efficacious option for patients requiring combination
therapy. (HQ. SR)

Combination of pasireotide plus pegvisomant can yield biochemical control rates exceeding 70% even when pegvisomant doses are kept low.
However, the addition of pegvisomant does not ameliorate the high rates of pasireotide-induced hyperglycemia. (MQ, SR)

Patient selection for combination pasireotide plus pegvisomant should be carefully considered. (LQ. DR)
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Table 3 Oral octreotide capsules: recommendations

How should OO0C be integrated into the current treatment algorithm for medical management of acromegaly?

0OC are suitable for patients who have demonstrated complete or partial biochemical response on injectable octreotide or lanreotide. (HQ. SR)
Rationale: As octreotide and lanreotide have similar efficacy, patients who have responded to these injectable agents are candidates for OOC
therapy, and results of the OPTIMAL study demonstrate that biochemically controlled patients (IGF-1< 1.0 x ULN) on stable doses of inject-
able octreotide or lanreotide maintain response to OOC [4]. There are no data regarding efficacy of switching patients from pasireotide LAR to
OOC.There are no data on the use of OOC as primary medical therapy in SRL-naive patients. However, it is reasonable to expect that patients
who respond to injectable octreotide LAR or lanreotide in this setting would also respond to OOC

Due to a lack of available data, OOC is not currently recommended for patients who have tumor characteristics predictive of octreotide resist-
ance. (MQ, S5R) Rationale: Tumor characteristics associated with octreotide and lanreotide resistance (e.g.. MRI T2 hyperintensity, sparsely
granulated tumors) [5, 6] are presumed to also predict resistance to OOC

How should O0C be initiated ?

0O0C is initiated at a dose of 40 mg/day, given as 20 mg capsules twice per day taken 1 h before a meal or 2 h after a meal to maximize bioavail-
ability. (MQ, SR) However, clinical study data suggest a starting dose of 60 mg/d may be optimal for most patients. Rationale: The 40 mg/
day dose is the approved initiation dose [7]. Most responders in the OPTIMAL study up-titrated to 60 mg/d or 80 mg/d by study end, and all
patients enrolling in the open label extension study were reinitiated at the 60 mg/d dose [4, 8]

0OC should be initiated at the time of the previously scheduled SRL injection. (HQ, SR) Rationale: In clinical trials, OOC was initiated at the
time of the next SRL injection, i.., at the end of the once-monthly injection period [4, 9]. IGF-I levels may increase toward the end of the
injection period with waning of injectable drug levels [10], and likely account for reported exacerbation of acromegaly symptoms [11-13]

How should OO0C dose be escalated?

0OC can be up-titrated by an increment of 20 mg every 2—4 weeks based on IGF-I and clinical symptoms. (MQ, SR) Rationale: The pharma-
cokinetics of OOC [14] enable a dose titration every 2-4 weeks. This is a more rapid escalation compared with injectable SRLs, which often
are up-titrated every 3 months. Slower litration may risk re-emergence of disease signs and symptoms and loss of biochemical control

Ewropean [ournal of Endocrinology
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Abstract

Objective: To report the final long-term safety and efficacy analyses of patients with acromegaly treated with
pegvisomant from the ACROSTUDY.

Design: Global (15 countries), multicentre, non-interventional study (2004-2017).

Methods: The complete ACROSTUDY cohort comprised patients with acromegaly, who were being treated with
pegvisomant (PEGY) prior to the study or at enrolment. The main endpoints were long-term safety (comorbidities,
adverse events (AEs), pituitary tumour volumes, liver tests) and efficacy (IGFT changes).

Results: Patients (n= 2221} were treated with PEGY for a median of 9.3 years (range, 0-20.8 years} and followed up for
a median of 7.4 years (range, 0-13.9 years). Before PEGY, 96.3% had received other acromegaly treatments (surgery/
radiotherapy/medications). Before PEGY treatment, 87.2% of patients reported comorbidities. During ACROSTUDY,
5567 AEs were reported in 56.5% of patients and of these 613 were considered treatment-related (in 16.5% of patients)
and led to drug withdrawal in 1.3%. Pituitary imaging showed a tumour size increase in 7.1% of patients; the majority
(71.1%) reported no changes. Abnormal AST or ALT liver tests occurred in 3.2% of patients. 1GFT normalization rate
improved over time, increasing from 11.4% at PEGV start to 53.7% at year 1, and reaching 75.4% at year 10 with the
use of =30 mg PEGV/day in an increasing proportion of patients.

Conclusion: This comprehensive review of the complete cohort in ACROSTUDY confirmed the overall favourable
benefit-to-risk profiie and high efficacy of PEGY as mono- and combination therapy in patients with an aggressive
coursefuncontrofled/active acromegaly requiring long-term medical therapy for control.

Europeon fownal af
Endocrinology
(2021) 185, 525-538
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Incidence of Benign and Malignant Tumors
in Patients With Acromegaly Is Increased:
A Nationwide Population-based Study
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Abbweviations: GH, growth hormone; ICD, Internationzl Classification of Diseases; IGF-1, msulin-lke growth factor 1; IGFEP-
3, msulin-like growth factor 1-binding protsin 3; NC, not calculated; 5D, standard daviation; SIR, standardized incidence
ratic; SMR, standardized mortality ratio.
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Abstract

Context: Whether cancer risk in acromegaly 15 increased remains controversial, and the
risk of benign tumors has been hittle studied.

Objective: To investigate the incidence of benign and malignant tumors in acromegaly in
& nationwide population-based study.

Methods; Adult patients diagnosed with acromegaly between 1987 and 2017 were
identified in the Swedish Mational Patient Registry. The diagnoses of benign and
malignant tumors were recorded. Standardized incidence ratios {SIRs) and standardized
mortality ratios {SMHAs) for neoplasms with 95% Cls were calculated using the Swedish
general population as reference.

Results: The study included 1296 patients {52% women). Mean (SD) age at diagnosis
was 516 (14.7) years. Median {range) follow-up time was 11.7 (0-31) years. Owverall, 186
malignancies were identified in acromegalic patients compared with 144 expected in
the general population (SIR 1.3; 96% Cl 1.1-1.56). The incidence of colorectal and anal
cancer (SIR 1.5; 95% CI 1.0-2.2), and renal and ureteral cancer {SIR 4.0; 95% C| 2.3-6.5]
was increased, whereas the incidence of malignancies of the respiratory system, brain,
prostate, and breast was not. Only 3 cases of thyroid cancer were recorded. Mortality due
to malignancies was not increased (SMR 1.1; 95% Cl 0.9-1.4). Incidence of benign tumors
was increased more than 2-fold (SIR 2.4; 95% CI 2.1-2.7).

3488 The Jowrna! of Clinical Endocrinclogy & Metabelizm, 2021, Vol. 108, No. 12

Conclusion: Patients with acromegaly had anincreased risk of both benign and malignant
tumors, including colorectal and anal cancer, and renal and ureteral cancer. Whether
this is associated with acromegaly itself or due to more intensive medical surveillance
remains to be shown.
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Lancet Diabetes Endocrinol 2021 Dec 22;S2213-8587(21)00296-5.doi: 10.1016/S2213-
8587(21)00296-5.

Maintenance of response to oral octreotide compared with injectable somatostatin receptor
ligands in patients with acromegaly: a phase 3, multicentre, randomised controlled trial

Maria Fleseriu!, Alexander Dreval 2, Irina Bondar3, Gulnar Vagapova#, Djuro Macut3, Yulia G
Pokramovich2, Mark E Molitch® Nina LeonovaZ Gerald Raverot® Elena Grineva?, Yury E
Poteshkin 12, Yossi Gilgun-Sherki !, William H Ludlam!2, Gary Patou!!, Asi Haviv 1, Murray B
Gordon B, Nienke R Biermasz 4, Shlomo Melmed 13, Christian J Strasburger 1¢

Abstract

Background: Despite biochemically responding to injectable somatostatin receptor ligands
(iISRLs), many patients with acromegaly experience treatment burdens. We aimed to assess
maintenance of biochemical response and symptomatic control with oral octreotide capsules versus
iSRLs in patients with acromegaly who previously tolerated and responded to both.

Methods: This global, open-label, randomised controlled phase 3 trial was done in 29 clinical sites
in Austria, France, Germany, Hungary, Italy, Lithuania, Russia, Serbia, Spain, and the USA.
Eligible patients were adults aged 18-75 years with acromegaly who were receiving iSRLs (long-
acting octreotide or lanreotide autogel) for at least 6 months before baseline with a stable dose for
at least 4 months, and were deemed to be biochemically responding (insulin-like growth factor I
[IGF-I] <1-3 x upper limit of normal [ULN] and mean integrated growth hormone <2-5 ng/mL). In
the 26-week run-in phase, all patients received oral octreotide (40 mg a day, optional titration to 60
or 80 mg a day). Eligibility for the randomised treatment phase was completion of the run-in phase
as a biochemical responder (IGF-I <1-3 x ULN and mean integrated growth hormone <2-5 ng/mL
at week 24) and investigator assessment of acromegaly being adequately controlled. Patients were
randomly assigned (3:2) to oral octreotide capsules or iSRL at the same dose and interval as before
enrolment. Randomisation and drug dispensing were conducted through a qualified randomisation
service provider (eg, interactive web or voice response system). The primary endpoint was a non-
inferiority assessment (margin -20 percentage points) of proportion of participants maintaining
biochemical response throughout the randomised treatment phase (IGF-I <1-3 x ULN using time-
weighted average; assessed by comparing the lower bound of the 2-sided 95% CI for the difference
in biochemical response between groups). IGF-I was assessed once a month during the run-in and
randomised treatment phases (single sample). Efficacy and safety assessments were performed on
the randomised population. This trial is registered with ClinicalTrials.gov, NCT02685709.

Findings: Between Feb 11, 2016, and Aug 20, 2020, 218 patients were assessed for eligibility. 72
patients were excluded, and 146 participants were enrolled into the run-in phase. 116 patients
completed the run-in phase and 30 participants discontinued treatment. 92 participants were
randomly assigned to oral octreotide (n=55) or iSRL (n=37). 50 (91%) of 55 participants who
received oral octreotide (95% CI 44-53) and 37 (100%) of 37 participants who received iSRLs (34-
37) maintained biochemical response. The lower bound of the 2-sided 95% CI for the adjusted
difference in proportions between the two treatment groups achieved the prespecified non-
inferiority criterion of -20% (95% CI -19-9 to 0-5). 19 (35%) of 55 participants in the oral octreotide
group and 15 (41%) of 37 participants in the iSRL group had treatment-related adverse events; the
most common of which in both groups were gastrointestinal.

Interpretation: Oral octreotide was non-inferior to iSRL treatment, and might be a favourable
alternative to iSRLs for many patients with acromegaly.
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been identified and new treatments apprved for use  alss included. Meethertands response.” A negative result strongly predicts absence of  total cortisol concentrations * ® Measuring dexamethasone  gng pentat scences, Untersity
These new developments highlight the need for updates m‘: mn Cushing’s syndrome. At higher cutoff points (eg. 5 pgfdl.  concomitantly with corisol. wsing laboratory-specific  of Semingham, Brmingtam,
i Gk al pidilnes o this ok o g harede M ethods s [138 nmolfL]), DST sensitivity is reduced™ Cortisol ranges of expected valies, can mduce the risk for N E@R PR Conte
The Fil'u.iggy Society mmamdiz-é?ﬁmﬂmm Workshop co-chaite and steering committee members mu:m ™ concentrations of less than 1-8 pgldl ecdudes [alse-positive resuls ™ False-negative results are less :::mm
workshop in October, 2020, to discuss management of  identified 2% discrete topics mlsted to Cushing's diseass  Fmit [ Bogramwsb MO dysregulated  cortisol production  from an  adrenal  commen, typically resulting from inhibition of devameth- - yeasn Farmers, simingham,
Cushing's disease. critically review current biterature, and  diagnosis, complications, and reatment 1o be addressed.  MEruleor Sao ks, incidentaloma;® in this setting. values higher than Spgfdl.  asome metabolism by concomitant medications such as U (4 KewiSil); Depariment
e i : : a0 Pk, Braus dentify patients with ted cortisl fluoxetine, cimetidine, or diltizzem, leading 1o a higher SEMocsiogy. Qe
rovide recommendations for screening and diagnosis;  Methods for critical review of the literamre, orksho gruely iy weiih dprepila TENPAI,. Clngh HED u, el A o Highes
¢ B Boets =R P - ok Afteiets LT, secretion from an incidentaloma with overt Cushings  biologically available dose. Decreased CBG and albumin R L
optimal use of and monitoring outromes fom sergery,  lectures, and workshop discussions ate described in the  Univenity Hospital Etangen, £ : x » T S
il My, s metimticn Shisapy Al Lientiboition 4o > Germany concentrations, which mn be noted in patients with  rounaanonmse,
< A y {Frofid Buchieider MIY; Keck concurment nephrotic syndrome. also might produce a  Bimingham, U (N Cxitai;
and management of disease-related and treatment-related i i S ‘Stanford Unirersty, Stanford,
complications. The focus was on pitsitary, rather than D nosis of Cushing's syndrome: screening, o€ Souther Caltformts, : Fr— S ¥ ; T, USA P L Estrnebonid ;
adrenal ot ectopic Cushing's syndrome, and overlapping rmatory, and localisation modalities LosAngeles, 8, USA ﬁmﬂmmcmmm#bﬂﬁqgﬂﬁm UEE x"mm
= = L TRH= ! hommane: D5T-d test. Whorka,
topics that had bem recently r_wered in other consensus Lahuﬂtutytﬁls ; : '}'_Dmm-m'i Fss-mf mmwngi,p:_ i R At least two or thres 24h urine collections are advised to  [ProfOF Keby MOk Centre
sEtements or reviews were not induded. DHagnosis of Cushing's syndrome is often delayed for o o' o ? mmtamummmm! Smmndametershodd  measure UFC o account for intma-patient variabiliy, 7  Heopestede funieatde
This guideline update reviews recent svidence and  years, partl because of lack ofawareness of the insidious,  compestet, spin b P55 and thosa with lesices of 10 mem do ot need PSS, but expert One advantzge with UFC over DST is that overall cortisal Mantrix! Montetd, 00
dations for clinical practice, grading the progressive disease process and testing complewity™  (Proff Frzaruss MO opiicers differed forbesions £-9 mmin diamezer. {Thisaltermative option doss e SRR I
rﬂgmmm irbplisen . : 3 di 5 hi i i nat haree clear erineress and retsds further resasrch, and this i indicated by production is independent of CBG changes and  Norhwestem Uricersty
quality of| evidence a spen.g‘r:h of the consensus S-EI'EE'I!I:L'I:I.EEII disgnostic tests for Cushing's syndroms dhakew bccres. e o b print o porsicle darker indicteles  dexamethasone metbolism or compliance. However, Feisberg Schoolal Medicine,
recommendstions. Key considerations for wse of essess cortisol secretory stamus: abmormal circadian abiiabed testing ratways although calculating the mean of several collections aids  129% 1 Us

different laboratory tests and medical therapies are rhythm with laie-night salivary cortisol (LNSC), impaited st catinetn stog

presented in the mhles. Consersus recommendations  glococorticoid  feedback  with overnight 1 mg  Asistasce Publique Hopstes:
for the diagnosis and monitoring of Cushing’s dexemethasone suppression test (DST) or low-dose 2-dzy  SeManelle, Manells Fanc
myndrome, management of Cushing's disease dexamethasone test (LDDT), and increased bicavailzble
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Punel 2- Recommendations regarding complications of Cushing's disease
Hypercoagulabiliy

There is comrently no standard practice for preoperative or
postoperative thromboprophy laxts in patientswith
Cushing s disease. Some experts pause oestrogen thempy
Inwomenwha are awalting surgery, but @re shoald be
taken If itwas being vsed as contraception, berause
pregnancy also s asocated with increased risiof
thromibasts (low quality, discretionary recommendation)
Frophylactic anticnaguiation shouwld be considered for
petients at risk forvenous thromboembolic events,
Inciuding history of embolism or abnormal coagulation
testing: severe prenperative hypercortisolisme current vse
of oestrogen or oral contraceptives; poor mobiliy:
extended preoperative or postoperative hospital stay;
2ni high postoperative cortisol concentrations or cortisol
over-replacemennt in patientswith adrenal insuffidency
(moderate guality strong recommendztion)

Early postoperative amindztion and use of compression
stocdngs should be encouraped for all patients (high
quallty, strong recomimendation |

If thromboprophylaxis ks admintstered, there was strong
consansus for preference of low molecularweight heparin
over oml antlcoagulants given the long hatf-life of the
latter and the absence of therapy to reverse thelr effect,
which could be espedially concerning In the precperative
settimg {kow quallty, discretionany recommenidation)
Anticoaguiznts could be discontinued before surgery to
minimise Intrzoperstive bleeding sk although the iming
of when o stop and when to relnitiate after sirgery s
undiear {low guality, Sisoretionary recommendation)
Amomg meeting particlpants, recemmended
anticoagulation duration In the precperative setting
ranged from 2-4 days to 1-2 weeks and In the
postoperative setting from 1-2 days of the hospital sy
upto 2-4 weeks, or even longer, to -3 months

{low guality. discretionary recommendation)
Thrormbopropinlaxis should not benoutinely used in
paediatric petlents bease of bleeding risk but 15 reserved
for salected patients

Cardiovascular disease

Evaluate. monitor, and treat acconding to current guidelines
for patients at high risk of cardiovasostar disease

{high queiity, strong recommendation)

managemsnt approach showld be individuaitsed (high
guality, strong recommendation) on the basks of the
complications presant {eq hypenesmsion or
hypesiiptdzemiz) and care should be coordinated with
primary care and cardiology physiclans as needed (very
low guality, discretionary recommendation)

Bone disease

ENAOKPINOAOT'IA - AIABHTOAQIIA - METABOAIZMOZ

Rk assessment for bone boss and fracture recommaended in
all patfents (high quality, strong recommendation)

= Given the risk for fracture even in patients without
ostenporosts, standard dual X-ay absomptiometty alons
miay not be suffickently Informative: bone guality
{microscanner or tebecular bone score) or morphometric
wertebral assessment ks recomamended where avallable
{high guality, strong recommendation) 2nd @n be useful in
deteciting subdinical fractures (high gaality, strong
recommendation), bt might not be practicl for all
patients. The FRAX tool to assess fracture fsk Is not
valldated for Cushing's disease

= Monitor and follow-up as for all adult high-nisk populations
{fiigh quality, strang recommendation)

- Consider comventional osteoporsts reatments
{eq. bisphosphorates) for patlents with persstant Coshing's
disease, even I bane minera density is normal, beczuse of
Increzsed fracture risk die to contisol excess (high quality,
strong recommendztion)

Growth hormone deficdency

= Ther ks currently no standard practice forwhether, when,
and heer tov 25t for grow th hommione deficency inadults
with Cushing's disease. As postoperative hypothalarmic-
pltuitany-adrenal (HPA) axls recovary Is often delayed, we
mecommaend walting at lesst 132 months after surgery
efore considering growth homone deficlendy amsessment.
(moderate quallty. strong recommendation)

- Fatients with macoadenomas and more aggressive sumglal
resection are at Increasad risk of hypopitultarism; patients
with three or more pituitary hanrmone defidencies are more
Ekely to have growth hormone defidency and do not need
dynamic testing {high quality, strong recommendation)

= Serum irsudin- e growth factor | concentration zlone ls
nit likely to be & reliable Indiztor of growth hormone
defidency. because concentrations @n be In the lower half
ofthe normal ange.

= ocessibility of growrth hormone replacernent can be an
Important factor In determining testing and meatment
considerations. If growth hormone replacement
Implemented ezriier tham 7 years after pliulkany sungedy,
we rerommend retesting periodiczily to determine whe ther
growth hormone secretion has noomaltsed upon HPA Zis
recovery (moderate guality. strong recommenda tion)

= A5 Cushing's syndrome-assodated myopathy doas not
ahway s spontanecysly resolve during remission, phy sial
rehabilitation is recormnmended for all patients {low quality,
disretionarny recommendation).

= Inchiliren evaluate for growth hormane deficiency
36 months after surgeyy and Immediately Inltiate growth
harmone replacement If nesded 1o ensure proper growth
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inicol considerations and recommendations for repeat

biochemical evidence of recurrent Cushing’s disease if

pituitary surgery tumnour is evident on MRI, especially if the first surgery
If there are no contraindications for surgery, we suggest  was not done in a pituitary tumour centre of excellence

repeat  transsphencidal surgery in patients with  (low quality, discretionary recommendation). If MRI

Adrenal steroidogenesss inhititor
Ketoconar ol 400- 1600 e bvtal pear .

smesaday bt 15-25% eope

Osfodrostat™ S5m0 4 54 mo toeal per day,

Retroepective studies: approcmately 6% Gastrointestinal
ol gven tenceorthree. o patients had UFC sormadation initaly,  distorhances, inoeased feer - syndnoene. off kabed v in USA imoeasing doses may be

m}\.ad.ru'dmninmg {avoid proton- pomp inhibitoes); damease in testosternne

Pha=e 3 rndomised withdrmem shady Incressed androgenicand FDW-appeoved for patients with Cushing's demse inwhom:

oally gventwiceadayas  showed 86% U normalisation precursoss  Eiary surgery is not an opgion of has not been arative:

maintenance dose; some (hirsut=m, hypertenson, ﬂlhudmhewwndfwmd

patinnts require kwer hypokaiaeria), Cusfings gmdrome; m{ysw:dé;ﬂtiil.-rlpcddum

starting dosss at 2 mg per msircitestinal i LFC; risk of brypocortisoleem, bypokaiaenmia, and QT

darg; 30 mg, swice a day disterhances, atheniy peoiongation; lldsug\:mnsdmmmcrnmd

TR adrerulir i L] ingior hypeandrogenism
mwomen

Metyraponeg™ ™= = 500 mg o 6 g total per UFC normalisation in retrospective studies.  Incressed andregenicand BV A-approved for trestment of endogenocs Cushing's
day, oraly, ghen threeor  appemimately 70% inaprospectve shady,  minemiocortioosd precursoes syndrome, off-label wee in USA.: rapid decresse: in UF

B A-approved for treatment of endogences Cushings
Enrymes, gymecoract, shin - neadad to oounter ecipe; nesds gastric agd for abcomeion

wenuld be preferred inwoman, men need follow-up for
Frypogoradizm; risk of serous hepatoboic by, mosthy
trarsient but regular frer function test monitoring
reaqirect; msk of (T prolongation: cansful review of atier
meditions for potential drug-drug interactons & essential

Fomr Eimes a day 7% at ek 17 (Bersutism, hypertermion, typically in first month; 13-deoxycortisol can ooss-rec in
hypokaiaeray, ortol Enmunoesays; yperandiogenism needs to be
Estroirtestinal mmonitored with lomg. term use in women
disturhansoes, adreral
insufficiency
Mitotana™¥ === 500 mg te 4 g total per Retrospective studies show approcimately  Gastroi i g by the FOA and EMA for treatrment of adrenal
iy, orally, wp to S gin Biove URC normalksation isterhanes, dirrines, mncer with endogences Cushing s syndrome; slow onset of
Cushing s disease parday cognitive temtions, adrenal  action, highly variable biozailabilite: namow therapeutic
gven three tmesaday insufficiency; incresed iver  window [doss titeiion based on milotane plasma
ey ratment should  concentrations); 11-demercortisol @n cos-react in ool
be stopped if devabions.are Enmuncazays, revological toao by could bea imiting
=5=LIN factor. teratogenicity andabortifacent aciviky, coupled
waithy 3 bong kalf- B, could Emit ese inwomen who desine
futeee pregnancy
Etomigyte = D-lm-ﬂlmgltgllr Retroepective studies show approcimately  Sedation or araecsthei; 11 bnbedl e ondly; ey rapid oreet of action, approproee for
forpatients  100% serumcortisal control (10020 pgydl) - adreral insufficiency, aoute treatrent of severe hypercortisolem; imtmarenous
in theintenshoe arewnt; Do, N, Erpdrocortione requived at high doses to awoid adreral
0025 mykgth for patients wamiting, and dystanic irmuffidency
o in the interve cre remctions at higher
it sramsthat doses
Leenbortoconapcée" == 300~ 1200 mq total per Phniq:mhbn‘-:hn#slmd!!!iupl Gastroi i Fliand EMA orpan drug statusfor
g, orally, given taicea {]l'l'!ll’j’ 4T% 5, mnuwtmmm:mh
day nomrmalisation when using d o oeders, incr i Fowrer risk for hepatotoadty than with befocorarole based
[@mﬁknﬁﬁtmwml ey, advenal onanenal modes, although no had-tohead sudisin
randomised withdraaal shocy showed tat — insufficency Ersmars swailable; needs gasiricaod for absorption {woid
A1% bt response with dnog v 96% with proton- peenpinhibitarsg; risk of QTc prolongation: cnehl
placebo; dinical signs and sympeoms of review of other medications forpotential drug-dreg
hypercortinlism improsed imeractions & exental
‘Somatnstatin recepior Bgands
Pasimotidevs e = oofi-3-Bmgrml Phame 3 study showed 15- 26% UFD Hyperiycemia, ype 2 'Widely approved for patients with Cushing sdismszin
suibmtaresusty tolalper  nommalisation diabetes, dahoes navsem,  whom pituiary surgeny is rotanoption or has not been
iy, grven fwice a day abdominal pain, orative; may decrease humioursolumes high riskof
cholefithizss, fatgue Erypesghycaera requines careful patent seactiory risk of
Qe prolongaticn
Pasiretide long-acting  10-30 myg permongh, Phase 3 studyy showed 40% UFC Hypemglycaemi, type 2 Widehy appeowed for patients with Cushing s dismsein
el ™ i vl nomrmalisafion; dinicl sgrs and symptors - disbetes, darthoes, nasm,  whom pibuitary surgery is notanoption or hasnot beers
of hyparcortisol ism improsed abdorninal pain, ouEative; decneases temourvolurme high rish of
cholefithings, fatique Fryperglycaemia requines caneful patiens selaction; risk of
e prolangaticn
{Table 2 contreses on rext pagg)

Coemmonly ueed doses Efficacy Adwerseeffects Key considerations
{Comtinased from presious pege)
Dopamine receptor agonists
Cabergaline™™ =™ 057 mig total per wesk, Retrospective studies showed Headache, nasall congestion,  OHY: babel use anlly For Cusfings disease; decreases tumour
ool E = s UFC ion, depresion wodlme in up & 50% of the patients evahuated; poor
imitialy, bt roughly 25-40% esope; ez e response could be dueto undes titration; risk of tratment.
dinical signs and syregitors of induced impuke: control disorder, ondess rsk for eediac
hypercortisolismimproved wahnslopathy
Glococorticald reoep tor blicder
iteprrsone™ T 300-1300mg tntalper day  Dpen- kabel phase 3 study showned Gastromtestinal F-approved for hypenghymemia asodated with
cally, ghren once a day significn] fmprovement in gymemia disturbances, bemdache, Cushing s syndrome; no corterol markers of efficcy;
(appraximately 50% of patientsjand blood  hypolaheniz arthralgia, challensging touse cutsids specafmed dinkal pactice; sk of
pressure; dinial sgreand symptoms of penphera oaderna, hypokalaenia and adrenal rsuficency. nesds dose
hypercartaism improved hypertension, waginal menitonng; cneful review of other madicationsdor
Bleading, adreral potentil drug-drug Meractions & exantial
insufcioncy
B Exeriy Agency FOA=LI5 Food ane Ong LILN=oppertime of sorsel UFC-arinary-fre corsat. “Tvestigationa g with compieted phas 3 cliskl i
Table 2 yof rshing's dismse
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Paned 3: M edical therapy fior Cushing's disease

Which factors are helpful in selection of a medical therapy?

= [fthere = a need for rapid normalisation of cortisol
wre recomimend an adrenal steroidogenesis inhibitor,
osilodrostat and metyrapone have the fastest action and are
orally available. whils etomidate can be used intravenously
invery severe cases (high quality, strong recommendation)

= Inmild disease, if residual tumour i present and there s:a
potential for tumour shrinkage consider pasireotide or
cabergoline {moderate quality, strong recommendation)

»  [fthere & a history of bipolar or impuke control disorder,
consider avoiding cabergoline (moderate guality strong
recomimendation)

= [fan expert pituitan endocrinologist is not availableto
momitor treatrment response, use mifepristone Cautiously
(v quealiity, discretionary recormmendation));wee recommend
coumseliing patients that comisol annot be wsed to monitor
treatment response of adrenal insufficiency (high quality,
strong recommendation). Drug-dneg interactions must be
consideradwhen this medication iswsed

= o pregnant women of those desiring pregnancy, consider
cabergoline or metyrapane (low quality, discretionary
recommendation]. althowgh no Cushing's disease
miedications are approved for wse in pregnancy

»  Drugintolerance or side-effects. as wedl as concomitant
comorbidities such as type 2 diabates and hiypertension,
shoardd further guide type of medication wsed (moderate
quality, strong recommendation)

= Considerost and estimated therapy duration, especially if
definitive treatrnent {ie, pituitaty or adrenal surgery) is
planned or while awaiting effects of radiotherapy
(e gulity, discretionary recommendation)

Which factors are used in selecting an adrenal

steroldogenesis inhibibor?

= Hapidity of action, tolerabifity, ease-of-use. degres of
probable biochemical normalisation, and specific dimcal
improvemnent. aswell as ozl availability and cost of each
drug. should be considared at theragy start {moderate
quality, strong recommendation)

= Eeboconarale might be favoured for ease of dose titration;
concem about inducing hepatotooicity and the nesd o
muonitor [ker anrymes can lead to under dosing {moderate
quality, strong recommendation). Dnug-dreg interactions.
must be considered and hypogonadism may oo inmen

«  Osilodrostat achieves high rates of cortisol nomualisation.
Diosing schedulie might be more convenient for patients
thanwith metyrapone, but neither metyrapons nor
osilodrostzt is imited by hy pogonadism in men
{high quality, strong recommendation)

»  Mitotaneis rarely used as monotherapy in Cushing's disease
in miost cenires (low quaiity, discetionary recormmendation)

{Continued from pravious page)

+ [hange intreatment should be considerad if cortisol lavals
are parsstently elevated after 2-3 months on maximusm
toleratad doses [moderate quality. strong recommendation)

» [ cortisol does not nomnaliss but is educed orthera is some
dinical improvernent, combination therapy @n be considerad
{how quaality, discretionary racommensdation)

= Ifther is clear resistance to treatment despite dose
estalation, we suggest switching to a different thepy
{low quality. discretionany recommendation)

Which drugs are used for optimal combination therapy?

= There are few rigoroars data supporting specific regimens for
racommendation)

ENAOKPINOAOT'IA - AIABHTOAQIIA - METABOAIZMOZ evs )

How bs tumour grow th monitored when using an adrenal
wm«mmw
MRl is typically obtained 5-12 months after initiating
treatment and repested every few years depending on the
diinical scenario (moderats quality, strong recommendation)
= It can be difficult to determine whether wmowr progression
is due to Joss of cortisol feedback or reflects the undarlying
behavicar of aggressive, recumment disease (low quality,

discretionary recommendation))

= We snggest monitomng ACTH concentrations, because
progressive elevations in ACTH coukd be a sign of turnowr
growth and a nead for ML although the half-hie of ACTH s
short, concentrations fluctuate. and they do not necessarnty
reflect tumaoas groweth {low quality, discoretionany
recammendation)

= I progressive turmousr growith is seen, medical treatment
should be suspendead and the management plan reassessad
{moderate quality. strong recommendation)

'Hhmlspmﬂﬂumuldﬂumm‘nﬂ
There are no figorous data supporting use of precpemtive
meedical therapy (moderate guality, strong recommendation)

= Most experts would consider use of adrenal steroidogensess -
inhibitors if surgery is delayed, either becase of scheduling
or becanrse of extemal factors {low quality, discretionary
recormimiendation)
Patients with severe Cushing's disease who have potentially
life- threatening metabolic, psychiatn; infedtious, or
cardiovascular or thromboembaolic complications might
benefit from precperative medacal therapy in select cases
{loww quality. discretionary recormmendation}

How b treatment response monitored? Whidch factors are

considered in decidingwhether to use combination therapy

orto switch to another therapy?
Responsa shiould be defined on the basis of a combination
of dlimical endpoints (eq improved phenotype. weight,
hypertension, gluoose metabofism, quadity of kfe) and
Ibochemical endpoints, or only dinical endpointswhen
stmomg recommendation)

= Cortisol concentrations are often messured by urinary free
ortisol (except when using mifeprstons);, urinary free cortisal
is not usaful if adrenal insufficency is a concem and morming
serumn cortisol is prefemed (high quality, strong
recommendation)

=  Berauseof the hoss of biofogical circadian rhythm, it is undear
whether targeting diumal secretion alonewith morming
ortisol orwith late-night salivary cortisol is meaningfd
(ko quality. discretionary recommendation)

{Panel 3 contirmess on next page)

Many experts consider combining ketoconazole with
metyrapone o potentially ketoconarode with osilodrostat
to maximise adrenal blocksdawhen monotherapy is not
effective. or to allow lowear doses of both drugs (bow quality,
Ketoconaole plus cabergoline or pasireotide, and
pasirectide plus cabergofine could be rational combinations
i these is visible tumous present (fow quality, discretionany
recommandation)

Other combinations that can be vsed include triplets of
kstoconarcls. metyrapone. plus mitotane (low quality.
discretionany recommendation)
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Diagnostic Pitfalls in Cushing Disease: Surgical
Remission Rates, Test Thresholds, and Lessons
Leamed in 105 Patients
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Abstract

Context: Confirming a diegnosis of Cushing dizease (CD) remains challenging, yet
is crtically important before recommending transsphencidal surgery for adenoma
rasection.

Objective: To describe predictive parformance of preopearstive biochemical and imaging
deta relstive to post-operstive remission and clinicel charscteristics in patients with
presumed CO,

Design, Setting, Patients, Interventions: Patients [n = 105; B6% female) who underwent
surgary from 2007 through 2020 were classified into 3 groups: group A | n = B4} pathology-
prowen ACTH edenoma; group B (n=6] pathology-unproven but with postoperative
hypocortieolemie consistent with CD; and group C {n = 15) pathology-unproven, without
postoperative hypocortisolemia. Group A + B were combined as confirmed COiend group
C as unconfirmed CO.

Main owutcomes: Group A + B was compared with group C regarding predictive
performance of preoperative 24-hour urinary free cortisol (UFC), late might salivary
cortisol [LMSC), 1-mg dexamsthessone suppression test (DST), plasms ACTH, and
pituitary megnatic resonence imeging (MAI1).
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Corticotroph tumor progression after
bilateral adrenalectomy (Nelson’'s syndrome):
systematic review and expert consensus
recommendations

Martin Reincke'", Adriana Albani®*, Guillaume Assie?, Irina Bancos®, Thierry Brue®, Michael Buchfelder®,
Divier Chabre®, Filippo Ceccato' 7, Andrea Daniele”, Mario Detomas®, Guido Di Dalmazi®, Atanaska Elenkova'®,
James Findling™, Ashley B Grossman®, Celso E Gomez-5anchez™, Anthony P Heaney™, Juergen Honegger™,
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Silviu Shiera®, Jochen Schopohl’, Constantine A Stratakis™, Marily Thecodoropoulou®,

Hizabeth F C van Rossum®, Elena Valassi®, Sabina Zacharieva™, German Rubinstein® and Katrin Ritzel"

Abstract

Bockground: Cortcotroph tumor progression {CTP) leading to Melson's syndrome (M5) is a severe and difficult-to-treat
complication subsequent to bilateral adrenalecoormy (BADX) for Cushing's disease. lts characteristics are not well
described, and consensus recommendations for diagnosis and reatment are missing.

i 2 R MR © 2113 Buropsan Socaty of Endacr Pubilshas by Boienifes Lid
bl o1 0.1 430V FJE- 201 (88 Prirriid i Craat n

Results: All groups had a similer clinical phenotyps. Compered with group C, group A +
B had higher mean UFC (P<= 0.001), LMSC [P =0.003), D5T (P= 006}, and ACTH (F=0.03)
and lerger MRI-defined lssions (P < 0L001). The highsst sccurecy thresholds wera: UFC
T2 pg'24 hours; LNSC 0.122 pg/dL, DST 2.70 pg'dL, and ACTH 39.1 pa'mL. Eary {3-month]
biochamical remission was echisved in T&M05 (72%) patients: TeB4%) and OM5{0H]
of group A + B vs group C, respectively, P< 0.0000 In group A + B, nonremission was
strongly associated with sdenoma cevernous sinus invasion.

Conclusions: Useofstrict biochemical thresholds may help avoid offering trenssphenoidal
surgery to presumed CD patients with eguivocsl data and improve surgical remission
retes. Patients with Cushingoid phenotype but eguivocel bicchemical dats wemmant
additional rigorous testing.
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Consensus Statement M Reincke, A Albani and LQI}SEHSUS on dIa.gITDSIS and 184 =
others treatment of corticotroph tumor
rogression

Methods: A systematic literature search was performed focusing on clinical studies and case series (=5 patients).
Definition, cumulative incidence, treatment and long-term outcomes of CTP/NS after BADX were analyzed using
descriptive statistics. The results were presented and discussed at an interdisciplinary consensus workshop attended
by international pituitary experts in Munich on October 28, 2018.

Results: Data covered definition and cumulative incidence (34 studies, 1275 patients), surgical outcome (12 studies, 187
patients), outcome of radiation therapy (21 studies, 273 patients), and medical therapy (15 studies, 72 patients).
Conclusions: We endorse the definition of CTP-BADX/NS as radiological progression or new detection of a pituitary
tumor on thin-section MRI. We recommend surveillance by MRI after 3 months and every 12 months for the first

3 years after BADX. Subsequently, we suggest clinical evaluation every 12 months and MRI at increasing intervals
every 2-4 years (depending on ACTH and clinical parameters). We recommend pituitary surgery as first-line therapy
in patients with CTP-BADX/NS. Surgery should be performed before extrasellar expansion of the tumor to obtain
complete and long-term remission. Conventional radiotherapy or stereotactic radiosurgery should be utilized as
second-line treatment for remnant tumor tissue showing extrasellar extension

European journal of
Endocrinology
(2021) 184, P1-P16
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Corticotroph Aggressive Pituitary Tumors and
Carcinomas Frequently Harbor ATRX Mutations
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Pia Burman*®

Abstract

Context: Aggressive pituitary tumors (APTs) are characterized by unusually rapid
growth and lack of response to standard treatment. About 1% to 2% develop metastases
being classified as pituitary carcinomas (PCs). For unknown reasons, the corticotroph
tumors are overrepresented among APTs and PCs. Mutations in the alpha thalassemia/
mental retardation syndrome X-linked (ATRX) gene, regulating chromatin remodeling
and telomere maintenance, have been implicated in the development of several cancer
types, including neuroendocrine tumors.

Objective: To study ATRX protein expression and mutational status of the ATRX gene in
APTs and PCs.

Design: We investigated ATRX protein expression by using immunohistochemistry
in 30 APTs and 18 PCs, mostly of Pit-1 and T-Pit cell lineage. In tumors lacking ATRX
immunolabeling, mutational status of the ATRX gene was explored.

Results: Nine of the 48 tumors (19%) demonstrated lack of ATRX immunolabelling with
a higher proportion in patients with PCs (5/18; 28%) than in those with APTs (4/30;13%).
Lack of ATRX was most common in the corticotroph tumors, 7/22 (32%), versus tumors
of the Pit-1 lineage, 2/24 (8%). Loss-of-function ATRX mutations were found in all 9 ATRX
immunonegative cases: nonsense mutations (n = 4), frameshift deletions (n = 4), and
large deletions affecting 22-28 of the 36 exons (n = 3). More than 1 ATRX gene defect was
identified in 2 PCs.

Conclusion: ATRX mutations occur in a subset of APTs and are more common
in corticotroph tumors. The findings provide a rationale for performing ATRX
immunohistochemistry to identify patients at risk of developing aggressive and
potentially metastatic pituitary tumors.
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Two Distinctive POMC Promoters Modify Gene

Expression in Cushing Disease
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Abstract

Context: Meachanisms undefying pituitary corticotroph adenoma adrenocorticotropin
{ACTH} production are poorly understood, yet circulating ACTH levels closely comrelate
with adenoma phenotype and clinical outcomes.

Objective: We characterizad the 5’ ends of proopiomelanocortin { POMC) gene transcripts,
which encode the precursor polypeptide for ACTH, in order to investigate additional
regulatory machanisms of POMC gene transcription and ACTH production.

Mathods: We examined 11 normal human pituitary tissues, 32 ACTH-secrating tumors,
as well as & silent corticotroph adenomas {SCAs) that immunostain for but do not secrate
ACTH.

The Jowmal of Chimlcsd Endocrinpiogy & Metabollsm, 2021, Vol. 108, No. 3
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Results: We identified a novel regulatory region located near the intron 2/exon 3 junction
in the human POMC gene, which functions as a second promoter and an enhancer.
In vitro experiments demonstrated that CREB binds the second promoter and regulates
its transcriptional activity. The second promoter is highly methylated in SCAs, partially
demathylated in normal pituitary tissue, and highly demethylated in pituitary and ectopic
ACTH-secroting tumors. In contrast, the first promoter is damaethylated in all POMC-
axpressing cells and iz highly demaethylated only in pituitary ACTH-secrating tumaors
harboring the ubiquitin-spacific proteasa 8 (USPS mutation. Demethylation patterns of
tha second promoter corralate with clinical phanotypes of Cushing diseasa.
Conclugion: We identified a second POMC promoter regulated by mathylation status
in ACTH-secroting pituitary tumors. Our findings open new avenues for elucidating
subceliular regulation of the hypothalamic-pituitary-adrenal axis and suggest the sacond
POMC promoter may be a target for therapeoutic intervention to suppress excess ACTH
production.
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O-GlcNAcylation Is Essential for Rapid Pomc
Expression and Cell Proliferation in Corticotropic
Tumor Cells
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Abstract

Pituitary adenomas have a staggering 16.7% lifetime prevelence and can be devastating
in many patients because of profound endocrine and neurologic dysfunction. To date,
no clear genomic or epigenomic markers correlate with their onset or severity. Hersin,
we investigate the impact of the 0-GlcMNAc posttranslational modification in their eti-
ology. Found in more than 7000 human proteins to date, 0-GicMAcylation dynamically
regulates proteins in critical signaling pathways, and its deregulation is involved in
cancer progression and endocrine diseases such as disbetes. In this study, we demon-
strated that 0-GlcNAc enzymes were upregulated, particularly in aggressive adrenocor-
ticotropin [ACTH)-secreting tumors, suggesting a role for O-GlcMNAcylation in pituitary
adenoma etiology. In addition to the demonstration that O-GlcMAcylation was essen-
tial for their proliferation, we showed that the endocrine function of pituitary adenoma
is also dependent on O-GlcMAcylation. In corticotropic tumors, hypersecretion of the
proopiomelanoccortin (POMC)-denved hormone ACTH leads to Cushing disease, ma-
terialized by severe endocrine disruption and incressed mortality. We demonstrated
that Pomc messenger RNA is stabilized in an O-GlcMNAc-dependent manner in re-
sponse to corticotrophin-releasing hormone (CRH). By affecting Porme mRNA splicing
and stability, O0-GleNAcylation contributes to this new mechanism of fast hormonal re-
sponse in corticotropes. Thus, this study stresses the essential role of O-GlcMAcylation

Endocrinalogy, 2021, Vol. 162, No. 12

in ACTH-secreting adenomas’ pathophysiology, including cellular proliferation and
hypersecretion.
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Abstract

Context: Peychiatric symptoms are common in Cushing's dissase (CD) and seam only
partly rewarsibla following treatmant.

Objective: To investigete drug dispenses essociated to psychiatric morbidity in CD
patients before treetment and during long-term follow-up.

Design: Matiomeids longitudina] registarbased study.

Setting: University Hospitals in Sweden.

Subjects: CD patiants disgnosad betwean 1200 and 2018 (M = 372 ware identifiad in
the Swedish Priuitary Registar. Longitudinal data wes collected from 5 years before, at
diagniosis, and during follow-up. Four matched controle per patient were included. Cross-
sactions! subgroup analysis of 76 patients in susteined remission was also performed.
Main outcoms measures: Date from the Swedish Prescribed Drug Register and the
Patieni Ragister.

The Journal of Clinical Endocrinology & Metabolam, 2021, Vol 106, No. & 151

Results: Inthe 5-year period before and at disgnosis, uss of antideprassants (odds ratio
|OR] 2.2 [95% confidence interval (C1} 1.3-3.7]) and 2.3 [1.6-3.5), amxiolytics [2.9 {1.6-5.3)
and 3.9 {2.3-6.61], and sleeping pills [2.1 {1.2-3.7] and 3.8 {2.4-5.9)] was more common in
CD then controls. OR's remained elevatad at 5-year follow-up for antidepressants [2.4 (1.5
3.9)] and sleaping pills [3.1 (1.9-5.3)]. Proportions of CD pationts using antidepressants
{26%) and sleeping pills (22%] werse unchanged at disgnosis and S-year follow-up,
whareas drugs for hypertension end disbetes decreasad. Patients in sustained remission
for median 9.2 years (interquartile range 8.1-10.4) had higher use of antidepressants [DR
2.0{1.1-3.8]] and sleaping pills [2.4 (1.3-4.7}], but not of drugs for hypertension.
Conclusions: Increasad use of psychotropic drugs in CD was observed before diagnosis
and remained elsvated regardless of remission status, suggesting persisting negative
effects on mentel health. The study highlights the importanca of sarly diagnosis of CD,
gnd the need for long-term monitoring of mental haalth.
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Single-center Cohort Study

Ashley J. Han,'®* Elena V. Varlamov,”*** and Maria Fleseriu®**

'School of Medicine, Oregon Health & Science University, Portland, OR 97239, USA: *Pituitary Cantar,
Oragon Health & Science University, Portland, OR 87239, USA; *Department of Nevrological Surgery,
Oregon Health & Sciance University, Portland, OR 97239, USA; and *Departmant of Madicine, Division
of Endocrinclogy, Diabetes and Mutrition, Oregon Health & Science University, Portland, OR 97239, USA

DRCD mumber: B000-D001-3784-6289 (M. Feseru).
*A.JH. and EVV. contnibuted equally and share first authorship

Abbreviations: Al adrenal msufficiency; BHD, growth hormone daficiency; HAT, hormonal replacemeant therapy; MAIL
magnatic resonance imagng; NFPA, nonfunctioning pitutary adenoma; NFPmA, nonfunctoning pitutary microadenoma;
NS, not significant; DHSL, Oregon Health & Sciance Unvarsity; PRL, prolectn; PY, persan-year,

Received: 11 June 2021; Editoral Decislon: 9 October 2027; First Published Onling: 34 Oclober 2021; Corrected andTypesat B
November 2021

Abstract

Context: Characterization of the clinical features and natural history of nonfunctioning
pituitary microadenomas (NFPmAs] is limited by heterogeneous and small-scale studies.
Objective: To characterize the clinical presentation and natural history of NFPmAs and
evaluate if imaging follow-up interval can be extended.

Methods: Retrospective single-center cohort study (years 2006-2021) of consenvatively
managed patients with NFPmAs. Initial symptoms, pituitary function, and tumor size
were assessed. A change in NFPmA size >2 mm, as determined by pituitary or brain
magnetic resonance imaging (MRI), was considered significant.

Results: There were 347 patients in the study cohort. Headache (78.4%) and fatigue
(70.05%:) were commonly reported despite no evidence of mass effect or significant
pituitary hypofunction. Pituitary deficiencies at baseline were rare, with hypogonadism
being most common (5.1%). During a median imaging follow-up period of 28 months
{range 3-154), 8.1% of NFPmAs grew. Growth incidence was 2.1 per 100 person-years
with a mean and median time to growth of 38.1 {SD £ 36.4) and 24.5 (interquartile range
12.0-70.8) months, respectively. Tumor growth was mild and not associated with new
pituitary deficiencies or visual deficits.

Conclusion: These data indicate that the natural history of NFPmAs is overall benign.
Consequently, we propose that the initial MRI follow-up timeline for NFPmAs can be

2 The Journal of Clinical Endocrinology & Metabolism, 2021, Vol. X024, No. XX

extended up to 3 years unless a lesion is close to the optic chiasm, there are worrisome
mass effect symptoms, or new pituitary deficiencies.
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Abstract

Pregnancies are rare inwomen with pituitary adenomas, which may relste to hormone excess from secretory
subtypes such as prolactinomas or corticotroph adenomas. Decreased fertility may also result from pituitary hormone
deficiencies due to compression of the gland by large tumours andfor surgical or radiation treatment of the lesion.
Counselling premenopausal women with pituitary adenomas about their chance of conceiving spontanecusly or

with assisted reproductive technology, and the optimal pre-conception treatment, should start at the time of initial
diagnosis. The normal physiclogical changes during pregnancy need to be considered when interpreting endocrine
‘tests in women with pituitary adenomas. Dose adjustments in hormone substtution therapies may be needed across
the trimesters. When medical therapy is used for pituitary hormone excess, consideration should be given to the
known efficacy and safety data specific to pregnant women for each therapeuwtic option. In healthy women, pituitary
gland size increases during pregnancy. Since some pituitary adenomas alzo enlarge during pregnancy, there iz a risk
of visual impairment, especially in women with macroadenomas or tumours near the optic chiasm. Pituitary apoplexy
represents a rare acute complication of adenomas requiring surveillance, with surgical intervention needed in some
cases. This guideline describes the choice and timing of diagnostic tests and treatments from the pre-conception stage
until after delivery, taking into account adenoma size, location and endocrine activity. In most cases, pregnant wWomen
with pituitary adenomas should be managed by a multidisciplinany team in a centre specialized in the reatment of
such tumours.

European journal of
Endacsiralegy
(2021} 188, G1-G33

Climical Practice Guideline A Luger and others ESE CPG on pituitary adenomas
in pregnancy

Table 1 Core recommendations.

NEA Protactinoma Acromegaly Cushing's diseass
Pre-conception  In women with an MFA near  Alm for normalisation of Consider surgery in Advise against pregnancy
the optic chiasm who are even mild active acromegaly during active Cushing’s
=zeeking pregnancy, hyperprolactingemia with before pregnancy dizease
surgery may be cabergoline at the lowest
considerad to reduce the possible dose to optimise
risk of chiasmal chances to conceive

compression and to
enhance fertility

Fregnancy Nonfunctioning No indication for prolacgn . Mo indication for GH ~ Diagnosis of Cushing’s
microadenomas bear a testing and/or IGF-1 testing dizeaze and assessment
low risk for growth during  Medical treatment should Medical treatment of disease activity is
pregnancy, there is no be stopped in most cases should be stopped challenging due to
need for routine upan confirmation of in most cases upon placental CRH production
mcnitoring pregnancy cenfirmation of and actvation of the

Close sunveillance is needed pregnancy hypothalamic-pituitany
in women with a adrenal axis, circadian
macroprolactingma rhiythm, however, is

preserved

Postpregnancy  We recommend awaiting & significant percentage of  Rebound of dissase Reazsessment of dissase
resssessment of pibuitary prolactinomas are activity shortly after activity should be
imaging and functon until biochemically in delivery is freguent performed 2-3 menths
3-& manths after delivery remission after post-partum

pregnancy and lactation
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macrogrolactinoma response

Shrinkage by the third month predicts
long-term response of macroprolactinoma
after cabergoline
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Abstract

Objective: Transsphenoidal surgery (T55) is mainly indicated in prolactinomas when dopamine agonist treatment fails.
Howewver, there is no established early predictor of cabergoline (CBG) response. The present study was aimed to
identify predictors of CBG resistance in order to select patients who may benefit from early T5S.

Design: Retrospective longitudinal study.

Methods: We reviewed the medical record of patients diagnosed with prolactinoma after 2010. Inclusion criteria:
macroprolactinomas under CBG treatment with serial prolactin levels and MRI before treatment and 3 and 12 months
afterwards. The main outcome was tumour size shrinkage = 50% (using the two largest diameters in sagittal view)
after 12 months of CBG (T5_50). The capacity of the most important clinical and biochemical variables in predicting the
main outcome was examined.

Resuits: A total of 185 prolactinomas where included: 124 (67.0%) were microadenomas and 61 (33.0%) were
macroadenomas of which 27 patients meet de inclusion criteria; median age (42.5 years; (IQR: 28.0)). The median
follow-up was (67.5 months; {IQR: 30.2)). Ten patients (37.0%) underwent surgery after more than 1 year of CBG. The
volume reduction at the first MRI (3-4 months) was the unique valuable predictor: (OR: 1.16 (95% CI: 1.02-1.32)) of
T5_50. A tumour volume shrinkage of = 30% in the first 3—4 months of CBG therapy predicts TS_50 with an AUC (0.95
(Cl- 0.76-0.99)).

Conclusion: Tumour shrinkage in the first 3-4 months after starting treatment with CBG is a good tool for predicting
the long-term response and can help clinicians to take more appropriated and personalized decisions.

European journal of
Endocrinology
(2021) 185, 587-535

ev8(Moonozr EB

European journal of Endocrinodogy

YNO®YZH | FEQPIIA NTAAH

B Bawssart and others ery (o tresl selected 1856 | TER-731

ol Ectinomas

Pituitary surgery as alternative to dopamine
agonists treatment for microprolactinomas:
a cohort study
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Abstract

Objective: Microprelactinomas are currently treared with dopamine agonists. Outcome information on
microprolactinoma patients treaced by swrgery is limited. This study reports the first large series of consecutive non
imvashve microprolactinoma patients reated by pituitary surgery and evaluates the efficency and safety of

this treatment.

Diesign: Follow-up of a cohort of consecutive patients treated by surgeny.

Methods: Bebween [anuary 2008 and Cctober 2020, 114 adult patients with pure microprolactinomas were operated
on ina single tertiary expert neurosurgical department, using an endoscopic endonasal transsphenoidal approach.
Eligible patients presented with a microprolactinoma with no obvious cavernous invasion on MBL Profactin was
assayed before and after surgery. Disease-free suniival was modefed using Kaplan-Meier representation. A cox
regression model was wused to predict remission.

Resuis: Median follow-up was 18.2 months [range: 2.8-155L In this cohort, 14114 {12%) patients were not cured by
surgery, including ten early surgical failures and four late relapses occurring 37.4 months (33-41.8) after surgery. From
Kaplan-Meier estimates, 1-year and S-year disease free survival was 90.9% (95% C1: B5.6-96.4%) and 1%

{95% CE 71.2-92.1%) respectively. The precperative prolactinemia was the only significant preoperative predictive
fector for remission (P < 0.05L Mo severe complication was reported, with no anterior pituitary deficiency after
surgery, one dizbetes insipidus, and one postoperative cerebrospinal fluid leakage properly reated by muscle plasty.
Conciusions: In well-selected microprofactinoma patdents, pitwitary surgery performed by an expert neurosurgical team
is 3 vafid firstline alternative treatment to dopaming agonists.

Europeon journal of

Endocrinalagy
{2021] 88, 7EI-75E
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EGFR/ErbB2-Targeting Lapatinib Therapy for
Aggressive Prolactinomas

A randomized controlled trial of the GLP-1receptor
agonist dulaglutide in primary polydipsia
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Abstract

Context: Approximately 10% to 20% of prolactinomas are resistant to dopamine agonist
therapy. The ErbB signaling pathway may drive aggressive prolactinoma behavior.
Objective: We evaluated lapatinib, an ErbB1-spidermal growth factor receptor (EGFRY
ErbB2 orhuman EGFR2 {HER2) tyrosine kinase inhibitor {TK1), in aggressive prolactinomas.
Design: A prospective, phase 2a multicenter trial was conducted.

Setting: This study took place at a tertiary referral pituitary center.

Patients: Study participants included adults with apggressive prolactinomas showing
continued tumor growth despite maximally tolerated dopamine agonist therapy.
Intervention: Intervention included oral lapatinib 1260 mg/day for & months.

Main Outcome Measures: The primary end point was 40% reduction in any tumordimension
assessod by magnetic resonance imaging at study end; tumor responss was assassad
by Response Evaluation Criteria in Solid Tumors criteria. Secondary end points included
prolactin {PRL) reduction, comelation of response with EGFRHER2 expression, and safety.
Results: Owing to rigorous inclusion criteria, of 24 planned participants, only 7 consentad
and 4 were troated. None achieved the primary end point but 3 showed stable disease,

|-55M Print 0021-87E(  ES5N Onlne 1845-T1E7
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BACKCGROUND. Primary polydipsia, characterized by excessive fluid intake, carries the risk of water intoxication and
hyponatremia, but treatment options are scarce. Glucagon-like peptide 1(GLP-1) reduces appetite and food intake. In
experimental models, GLP-1 has also been shown to play a role in thirst and drinking behavior. The aim of this trial was to
investigate whether GLP-1 receptor agonists reduce fluid intake in patients with primary polydipsia.

METHODS. In this randomized, double-blind, placebo- controlled, 3-week crossowver trial, 34 patients with primary polydipsia
received weekly dulaglutide (1.5 mg, Trulicity) in one treatment segment and placebo (0.9% sodium chloride) in the other.
During the last treatment week, patients attended an 8-hour evaluation visit with free access to water. The primary endpoint
was total fluid intake during the evaluation visits. Treatment effects were estimated using linear mixed-effects models. In a
subset of 15 patients and an additional 15 matched controls, thirst perception and neuronal activity in response to beverage
pictures were assessed by functional MRI.

RESULTS. Patients on dulaglutide reduced their fluid intake by 490 mL (95% Cl: -780, -199; P= 0.002), from 2950 mL

(95% CI: 2435, 3465) on placebo to 2460 mL (95% Cl: 1946, 2475) on dulaglutide (model estimates), corresponding to a
relative reduction of 17%. Twenty-four-hour urinary output was reduced by -943 mL (95% Cl: -1473, -413; P = 0.001). Thirst
perception in response to beverage pictures was higher for patients with primary polydipsia than for controls, and lower for
patients on dulaglutide versus placebo, but functional activity was similar among groups and treatments.

CONCLUSIONS. GLP-1 receptor agonists reduce fluid intake and thirst perception in patients with primary polydipsia and could
therefore be a treatment option for these patients.

TRIAL REGISTRATION. Clinicaltrials.gov NCT0Z770885.

FUNDING. Swiss National Science Foundation (grant 32473B_162608); University Hospital and University of Basel; Young
Talents in Clinical Research grant from the Swiss Academy of Medical Sciences and the Gottfried & Julia Bangerter-Rhyner
Foundation; Top-up Grant from the PhD Programme in Health Sciences, University of Basel.
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Thyrotropin-secreting pituitary adenoma:
a structured review of 535 adult cases
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Abstract

Bockground and oims: Thyrotropin-secreting pituitary adenomas (TsHomas) are a rare entity, oocurring in one per
million people. We performed a systematic review of 535 adult cases summarizing the clinical, biochemical, hormonal
and radiclogical characteristics of TSHoma. Furthermore, we discussed the current guidelines for disgnosis

and treatment.

Methods: A structured research was conducted using Pubmed and Web of Science with the following MeSH terms:
"thyrotropin secreting pituitary adenoma’ OR T:Homa' OR ‘thyrotropinoma.’

Reswlts: Dur analysis included 535 cases originating from 18 case series, & cohort studies and 91 case reports. The
miean age at diagnosis was 46 years. At presentation, 75% had symptoms of hyperthyroidism, 55.5% presented with &
goitre and 24.9% had visual field defects. The median T5H at diagnosis was 5.16 (3.20-7.43) mU/L with a mean FT4 of
A41.5 + 15.3 pmol/L. The majority (76.9%} of the TSHomas were macroadenoma. Plurihormonality was seen in 37.4% of
the adenoma with a higher incidence in macreadenoma. Surgical resection of the adenoma was performed in 87.7% of
patients of which 33.5% had residual pituitary adenoma. Post-operative treatment with @ somatostatin analogue (35A)
led to a stable disease in 31.3% of the cazes with residual umour. We noticed a significant correlation between the
diameter of the adenoma and residual pituitary adenoma (r= 0420, P <= 0.001). However, in patients preoperatively
treated with an 554, this correlation was absent

Condusion: TSHomas are a rare cause of hyperthyroidism and are frequently misdiagnosed. Based on our

structured analysis of case series, cohort studies and case reports, we conclude that the majority of TsHomas are
macroadenoma being disgnased in the fifth to siwth decade of life and prezenting with symptoms of hyperthyroidism.
Plurihormonalitiy is ebserved in one-third of TSHomas. Treatment consists of neurasurgical resection and 554 in case
of surgical failure.

European jourmal of
Endocrinciogy
{2027) 188, RES-R14
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Cardiovascular risk profile in growth
hormone-treated adults with
craniopharyngioma compared to
non-functioning pituitary adenoma:
a national cohort study
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Abstract

Context- Cardiovasoular [CV) risk profile might differ between growth hormone-treated patients with
craniopharyngioma and non-functioning pituitary adenoma [NFPA), since patients with craniopharyngioma more
frequently suffer from hypothalamic metabolic disruption.

Objective: The aim of this study is to investigate the CV risk profile in adult patients with craniopharyngioma compared
to MFPA before and after treatment with growth hormone (GH) replacement therapy dus to severe GH deficiency.
Design: A sub-analysis of the Dutch National Registry of Growth Hormone Treatment in Adults was performed, in which
we compared 291 patients with craniophanyngioma to 778 patients with NFPA. OV risk profile and morbidity were
evaluated at baseline and during long-term follow-up within and between both groups.

Results: At baseline, patients with craniopharyngioma demonstrated higher BMI than patients with NFPA, and men
with craniopharyngioma showed greater waist circumference and lower HDL compared to men with MFPA. During
follow-up, BMI, as well as diastolic blood pressure among patients using antihypertensive drugs, deteriorated in the
craniopharyngioma group compared to the NFPA group. Lipid profile improved similarly in both groups over time. Mo
differences were found between groups in the occurrence of diabetes mellitus, cerebrovascular accdents, CV disease,
or overall mortality.

Conclusion: This study suggests that overall CV risk profile is worse in cranicpharyngioma patients with GH deficiency
compared to patients with NFPA. During GH replacement therapy. patients with cranicpharyngioma demenstrated

an increase in EMI over time, where BMI remained stable in patients with MFPA. Also, diastolic blocd pressure did not
improve with antihypertensive drugs in craniopharyngioma patients as seen in patients with NFPA.

Eurapean Journal of
Endeerinsogy
(2021) 188, 793-801
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UL;iv‘erit'r Cellege Landen Hozpital, Landan, Background: The optimal management of craniopharyngiomas remains controversial.
Emait Ziad huzssinl@nks net Objectives: To examine temparal trends in the management of craniopharyngioma
with 3 focus on endoorine outcomes.

Methods: Thiz was & cross-sactional, multicentre study. Patients treated between
1931 and 2015 wers identified and divided into four guartiles. Demographics, pres-
entation, treatment and outcomes were colfected.

Results: In total, 142 patients with childhood-onzet craniopharyngioma (48/142;
34%) and adult-onset disezse (94/142; 56%) were inciuded. The median follow-up
was 15 years [IQR 5-23 years). Across quartiles, thera was a significant trend towards
using transsphenoidal surgery (P < 0001L The overall use of radiotherapy was not
different among the four quartiles [P = 33} At the latest clinical review, the inci-
dence of GH, ACTH, gonadotrophin deficiencies and anterior panhypopituitarism fell
significantly across the duration of the study. Anterior panhypopituitarism was not

HUSSEIN o7 AL Wl LEY 42

sffected by treatment modality (surgery vs surgery and rediotherapy) [P= 23\ There
was no difference in the incidence of high BMI (225 Itgfmzhamnngthe four quartiles
(P= 14). BMI was higher in patients who treated with surgery and radiotherapy than
those treated with surgery enly (P = 004). Tumour regrowth oocurred in 51 patients
(31/142; 34%) with no difference in regrowth among quartiles over the time course
of the study (P= 15}

Conclusion: We demonstrate a significant reduction in panhypopituitarism in crami-
opharyngioma patients over time, mast likely because of 2 trend towards mare trans-
sphenoidal surgery. However, long-term endocrine sequelae remain common and
lifelong follow-up is required.

EEYWORDS
E vagiama, hypopi iz, obezity, transsphenoidal surgery
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Abstract

Objective: Pitwitary adenoma [PA) is one of the three major components of multiple endocrine neoplasia type T (MEN1)L
Recent studies have suggested that MENT-aszociared PAs are less aggressive than initially estimated. We propose an
analysis of the outcome of PAs with a standard of care treatment in a nattionwide cohort of MENT patients.

Design: Retrospective observational nationwide cohort soudy using the MEN1 patient registry from the French Group of
Endocrine Tumours (GTEL

Merthods: The GTE database population consists of 1435 patients with MEN 1. This analysis focused on 557 patients
recruited after 2000 with at least 3 years of follow-up. The study outcome was tumour progression of PA defined by an
increase in Hardy classification (HC) during follow-up according to referring physician regular repores.

Resuits: Among 551 MEN1 patients {index and related), 202 (36.7%) had PA, with 114 (56.4%) diagnosed by MENT-
related screening. PAs were defined according to HC as micreadenoma (grade [ in 117 cases (57.9%), macroadenoms
in 59 (29 2%) with 20 HC grade Il and 39 HC grades -1V and unspecified in 26 {12.8%). They were prolactinomas in

92 cases (45.5%) and non-secreting in 73 (36.1%). After 3 median follow-up of 3 years among the 137 patients with HC
grades |-, 4 patients (2.9%] presented tumour progression.

Concluzion: PAs in patients with MENT are less aggressive than previoushy thought. Tumour progression is rare

with a standard of care monitoring and treatment. especially in related patients who mostly present non-secreting
microadenoma. MR menitoring for asymptematic MEMN1 patients should be reduced accordingdy.
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Clinical and genetic characteristics in patients
under 30 years with sporadic pituitary adenomas
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Abstract

Objective: Piuitany adencmas (PA) are rare in young patients, and additonal studies are needed o fully understand their
pathogenesis in this population, We describe the dlinical and genetic charscteristics of apparently sporadic PA in a cohort
of young patients.

Design: Clinical and molecular analysis of 235 patients age < 30 years) with PA. Clinicians from several Spanish and
Chilean hospitals provided data

Methods: Genetic screening was performed via next-generation sequencing and comparative genomic hybridization
array. Clinical variabfes were compared among paediatric, adolescent (<13 years) and young adufts' (= 19-30 years)
cohorts and types of adenomas. Phenctype-genolype associations were examinad.

Results: Among the total cohort, mean age was 17.3 years. Local mass effect symptoms were present in 22.0%, and
prolactinomas were the most freguent (44.7%). Disease-causing germiine variants were identified in 22 individuals
{3.3%), more exactly in 13.1 and 4. 7% of the populations aged between 0-15 and 19-30 years, respectively; genetically
positive patients were younger at diagnosis and had larger tumour size. Healthy family carriers were alzo identified.
Conclusions: Variangs in genes associated with syndromic forms of PAs were detected in a large cohort of apparently
sporadic pituitary tumours. We have identified novel variants in well-known genes and set the possibility of mcomplete
disease penetrance in carriers of MENT alterations or 2 limited dinical expression of the syndrome. Despite the low
penetrance observed, screening of AP and MENT variants in young patients and refatives is of clinical value.
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Circulating insulin-like growth factor-l and risk of 25 common
conditions: outcome-wide analyses in the UK Biobank study

Keren Papier'(")  Anika Knuppel' ) - Aurora Perez-Comago! - Bleanor L Watts'0 - Tammy Y. M. Tong” -
Julie A. Schmidt' - Naomi Allen® - Timothy I, Key" - Ruth C. Travis'
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Abstract

‘Whila there is strong epidemiological evidence that circulating insulin-like growth factor-1 (WGF-T) is associated with a
higher risk of ssveral cancers. litthe is known about its association with non-cancer outcomes. We investigated associations
of circulating HGF-1 with risk of 25 common conditions, other than cancer, in 2 larpe British cohort Study participants
wemre 318,749 middle-aped adults enrolled in the UK Bichank Study. Serum IGF-1 conce niration was measured in samples
collected at basaline (2006—20107, and re-measured n 12334 participants afler an average of 4.3 years. We followed-up
participants over an average of 115 years by linking to hospital sdmissions and mortality registrias. Multivariable-adjusted
Cox regressions estimated harand ratios (HR s) and 95% confidence interyals C1s) for associations between ciculating 1GF-1
and 15 common conditions. using the repeated IGF-1 messurements to correct for regression dilution bias. A fter cormec-
tion for multiple testing (P < 0UDIZ), IGF- | was positively associated with carpal tmnel syndrome (HR per 5 nmolfT higher
concentration=1.12, 95% CI 1.08-1.16), and mversely associated with varicose veins (.90, 0LE5-0.95), cataracts (097,
0.95-0.99), diabetes (0,92, 0.90-0.95), and iron deficiency ensemis (090, 0.#6—0.93), The associations for cataractls and
dizheles atienuated when restricted to cases disgnosed after five or more years of follow-up, suggesting that these associations
wene likely affected by everse causality. Higher IGF-1 concentration might be associated with the risk for several conditions,
but penetic studies are needed to clarify which associations may be causal

Keywords Insulin-like growth factor- - Prospective cohort study - UK Bicbank - Risk - Ouicome-wide

Introduction disesse, metsbolic disorders (.. insulin resistance ), biliary
dizeases (e.g. gallbladder disessa), pastrointestinal dise ases

Insalin-like prowth factor-1 (BGF-1} is 2 polypeptide hor-
mone thal is primarily synthesized in the liver following
growih hormone stimulation | ], and promotes tissue growth
and development in multiple organ systems by acting as a
primary mediator of the effects of growth hormore |2].
Climically high circulating 1GF-I conoe niration, 2s in adults
wilh werome galy, is associated with a higher risk of sev
eral diseases [3], particolarly higher risks of cardiovascular
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{e.g. colon polyps). arthropathy, musculoskeletal disorders
(e_g. carpal tunne] syndrome), penitourinary diseases (e.pg.
kidney stones, enlarged prostate [41), respiratory dissase,
sleep apnoea. snd some canceTs [5, 6.

Higher IGF-1 concentrations in adults without acromeg-
aly have been shown to also be associated with increased
risks of several cancers [7], but come sponding evidence for
NM-CERCET oulcomes is inconsistent andfor limiled fo cross-
segtional design. A lthoogh some of the available prospec-
tive ohservational and penetic evidence supgests that higher
IGF-1 levels might be positively associaied with orpe 2 dis-
beies [B, 9], ischaemic heart disease (IHDY) [9-11], hip and
knee ostecarthritis [ 12], enlarged prostate [13], and colon
adenomas | 14, 15}, some studies also eported null | 16-24],
and inverse [15] associations for these outcomes. Thesa
equivocal fimdings and the lack of available prospective avi-
dence for many non-cancer outcomes likely relues st keast
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Randomized Trial of Closed-Loop Control in Very Young
Children with Type 1 Diabetes

J. Ware, J.M. Allen, C.K. Boughton, M.E. Wilinska, S. Hartnell, A. Thankamony, C. de Beaufort, U. Schierloh,
E. Frohlich-Reiterer, J.K. Mader, T.M. Kapellen, B. Rami-Merhar, M. Tauschmann, K. Nagl, S.E. Hofer,
F.M. Campbell, J. Yong, K.K. Hood, J. Lawton, S. Roze, J. Sibayan, L.E. Bocchino, C. Kollman,

and R. Hovorka, for the KidsAP Consortium*

ABSTRACT

BACKGROUND
The possible advantage of hybrid closed-loop therapy (i.e., artificial pancreas) over
sensor-augmented pump therapy in very young children with type 1 diabetes is unclear.

METHODS

In this multicenter, randomized, crossover trial, we recruited children 1 to 7 years of
age with type 1 diabetes who were receiving insulin-pump therapy at seven centers
across Austria, Germany, Luxembourg, and the United Kingdom. Participants re-
ceived treatment in two 16-week periods, in random order, in which the closed-
loop system was compared with sensor-augmented pump therapy (control). The
primary end point was the between-treatment difference in the percentage of time
that the sensor glucose measurement was in the target range (70 to 180 mg per deci-
liter) during each 16-week period. The analysis was conducted according to the
intention-to-treat principle. Key secondary end points included the percentage of time
spent in a hyperglycemic state (glucose level, >180 mg per deciliter), the glycated
hemoglobin level, the mean sensor glucose level, and the percentage of time spent
in a hypoglycemic state (glucose level, <70 mg per deciliter). Safety was assessed.

RESULTS

A total of 74 participants underwent randomization. The mean (+SD) age of the par-
ticipants was 5.6%1.6 years, and the baseline glycated hemoglobin level was 7.3£0.7%.
The percentage of time with the glucose level in the target range was 8.7 percentage
points (95% confidence interval [CI], 7.4 to 9.9) higher during the closed-loop period
than during the control period (P<0.001). The mean adjusted difference (closed-loop
minus control) in the percentage of time spent in a hyperglycemic state was —8.5
percentage points (95% CI, —9.9 to —7.1), the difference in the glycated hemoglobin
level was —0.4 percentage points (95% CI, —0.5 to —0.3), and the difference in the
mean sensor glucose level was —12.3 mg per deciliter (95% CI, —14.8 to —9.8) (P<0.001
for all comparisons). The time spent in a hypoglycemic state was similar with the
two treatments (P=0.74). The median time spent in the closed-loop mode was 95%
(interquartile range, 92 to 97) over the 16-week closed-loop period. One serious ad-
verse event of severe hypoglycemia occurred during the closed-loop period. One seri-
ous adverse event that was deemed to be unrelated to treatment occurred.

CONCLUSIONS

A hybrid closed-loop system significantly improved glycemic control in very young
children with type 1 diabetes, without increasing the time spent in hypoglycemia.
(Funded by the European Commission and others; ClinicalTrials.gov number,
NCT03784027.)

N ENGL J MED 386;3 NEJM.ORG JANUARY 20, 2022

The New England Journal of Medicine

The authors’ full names, academic de-
grees, and affiliations are listed in the
Appendix. Dr. Hovorka can be contacted
at rh347@cam.ac.uk or at the University
of Cambridge Metabolic Research Labo-
ratories and NIHR Cambridge Biomedi-
cal Research Centre, Wellcome Trust—
MRC Institute of Metabolic Science, Box
289, Addenbrooke’s Hospital, Hills Rd.,
Cambridge CB2 0QQ, United Kingdom.

*A list of the members of the KidsAP Con-
sortium is provided in the Supplemen-
tary Appendix, available at NEJM.org.
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RESEARCH SUMMARY

Randomized Trial of Closed-Loop Control
in Very Young Children with Type 1 Diabetes

Ware J et al. DOI: 10.1056/NEJMo0a2111673

CLINICAL PROBLEM

Management of type 1 diabetes is challenging in very
young children. Sensor-augmented insulin-pump therapy
has been associated with improvements in glycemic con-
trol, but the management burden remains high. Hybrid
closed-loop systems, in which an algorithm automatically
adjusts basal insulin delivery, have shown promise in old-
er children and adolescents, but data in very young chil-
dren are limited.

CLINICAL TRIAL

Design: A multicenter, randomized, crossover trial com-
pared a hybrid closed-loop system for insulin delivery
with sensor-augmented pump therapy in very young chil-
dren with type 1 diabetes.

Intervention: 74 children 1 to 7 years of age with type 1
diabetes received 16 weeks of closed-loop insulin delivery
followed by 16 weeks of sensor-augmented pump therapy,
or vice versa. The primary outcome was the percentage of
time spent in the target glucose range (70 to 180 mg per
deciliter) during each trial period.

RESULTS

Efficacy: The percentage of time spent in the target range
was significantly longer during the closed-loop period
than during the sensor-augmented pump period. With
closed-loop therapy, the percentage of time spent in a hy-
perglycemic state was lower, and the glycated hemoglo-
bin and mean sensor glucose levels were also lower. The
percentage of time spent in a hypoglycemic state did not
differ significantly between the treatments.

Safety: The incidence of adverse events was similar
during the two periods. One serious adverse event of se-
vere hypoglycemia occurred during the closed-loop peri-
od, and one non-treatment-related serious adverse event
occurred during the sensor-augmented pump period.
There were no episodes of diabetic ketoacidosis.

LIMITATIONS AND REMAINING QUESTIONS

m DPrevious insulin-pump use was a prerequisite for inclu-
sion in the trial, but access to insulin-pump therapy is
minimal in some regions, which limits the generaliz-
ability of the findings.

= Children from ethnic minorities were underrepresented.

Links: Full Article | NEJM Quick Take
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Sensor-Augmented
Insulin-Pump therapy

Hybrid Closed-Loop
Insulin Therapy

Primary End Point

Percentage of time spent at glucose level 70 to 180 mg/dI
during 16-week trial period (P<0.001)

Closed-loop period 71.615.9

Sensor-augmented pump period 62.9+9.0

Mean Sensor Glucose Level
(P<0.001)
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A comparison of two hybrid closed-loop systems in
adolescents and young adults with type 1 diabetes (FLAIR):
a multicentre, randomised, crossover trial

Richard M Bergenstal, Revital Nimri, Roy W Beck, Amy Criego, Lori Laffel, Desmond Schatz, Tadej Battelino, Thomas Danne, Stuart A Weinzimer,
Judy Sibayan, Mary L Johnson, Ryan | Bailey, Peter Calhoun, Anders Carlson, Elvira Isganaitis, Rachel Bello, Anastasia Albanese-O’Neill,
Klemen Dovc, Torben Biester, Kate Weyman, Korey Hood, Moshe Phillip, for the FLAIR Study Group*

Summary

Background Management of type 1 diabetes is challenging. We compared outcomes using a commercially available
hybrid closed-loop system versus a new investigational system with features potentially useful for adolescents and
young adults with type 1 diabetes.

Methods In this multinational, randomised, crossover trial (Fuzzy Logic Automated Insulin Regulation [FLAIR]),
individuals aged 14-29 years old, with a clinical diagnosis of type 1 diabetes with a duration of at least 1 year, using
either an insulin pump or multiple daily insulin injections, and glycated haemoglobin (HDbA,) levels of 7-0-11-0%
(53-97 mmol/mol) were recruited from seven academic-based endocrinology practices, four in the USA, and one
each in Germany, Israel, and Slovenia. After a run-in period to teach participants how to use the study pump and
continuous glucose monitor, participants were randomly assigned (1:1) using a computer-generated sequence, with a
permuted block design (block sizes of two and four), stratified by baseline HbA,  and use of a personal MiniMed 670G
system (Medtronic) at enrolment, to either use of a MiniMed 670G hybrid closed-loop system (670G) or the
investigational advanced hybrid closed-loop system (Medtronic) for the first 12-week period, and then participants
were crossed over with no washout period, to the other group for use for another 12 weeks. Masking was not possible
due to the nature of the systems used. The coprimary outcomes, measured with continuous glucose monitoring, were
proportion of time that glucose levels were above 180 mg/dL (>10-0 mmol/L) during 0600 h to 2359 h (ie, daytime),
tested for superiority, and proportion of time that glucose levels were below 54 mg/dL (<3-0 mmol/L) calculated over
a full 24-h period, tested for non-inferiority (non-inferiority margin 2%). Analysis was by intention to treat. Safety
was assessed in all participants randomly assigned to treatment. This trial is registered with ClinicalTrials.gov,
NCT03040414, and is now complete.

Findings Between June 3 and Aug 22, 2019, 113 individuals were enrolled into the trial. Mean age was 19 years
(SD 4) and 70 (62%) of 113 participants were female. Mean proportion of time with daytime glucose levels above
180 mg/dL (>10-0 mmol/L) was 42% (SD 13) at baseline, 37% (9) during use of the 670G system, and 34% (9)
during use of the advanced hybrid closed-loop system (mean difference [advanced hybrid closed-loop system
minus 670G system] —3-00% [95% CI —3-97 to —2-04]; p<0-0001). Mean 24-h proportion of time with glucose
levels below 54 mg/dL (<3-0 mmol/L) was 0-46% (SD 0-42) at baseline, 0-50% (0-35) during use of the
670G system, and 0-46% (0-33) during use of the advanced hybrid closed-loop system (mean difference [advanced
hybrid closed-loop system minus 670G system] —0-06% [95% CI —0-11 to —0-02]; p<0-0001 for non-inferiority).
One severe hypoglycaemic event occurred in the advanced hybrid closed-loop system group, determined to be
unrelated to study treatment, and none occurred in the 670G group.

Interpretation Hyperglycaemia was reduced without increasing hypoglycaemia in adolescents and young adults with
type 1 diabetes using the investigational advanced hybrid closed-loop system compared with the commercially
available MiniMed 670G system. Testing an advanced hybrid closed-loop system in populations that are underserved
due to socioeconomic factors and testing during pregnancy and in individuals with impaired awareness of
hypoglycaemia would advance the effective use of this technology

Funding National Institute of Diabetes and Digestive and Kidney Diseases.

Copyright © 2021 Elsevier Ltd. All rights reserved.

Introduction pump as needed, and most recently systems combining
Use of technology in the management of type 1 diabetes the two to automate insulin delivery.? The systems

is becoming an important component of care, often first currently available in the USA—the MiniMed 670G
with a continuous glucose monitor' and then an insulin  hybrid closed-loop system (Medtronic, Northridge, CA,

www.thelancet.com Vol 397 January 16, 2021
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JAMA Pediatrics | Original Investigation

Effect of a Hybrid Closed-Loop System on Glycemic and Psychosocial
Outcomes in Children and Adolescents With Type 1Diabetes
A Randomized Clinical Trial

Mary B. Abraham, PhD; Martin de Bock, PhD; Grant J. Smith, MPsych; Julie Dart, RN; Janice M. Fairchild, MBBS;
Bruce R. King, PhD; Geoffrey R. Ambler, MD; Fergus J. Cameron, MD; Sybil A. McAuley, PhD;

Anthony C. Keech, MSc; Alicia Jenkins, MD; Elizabeth A. Davis, PhD; David N. O'Neal, MD; Timothy W. Jones, MD;
for the Australian Juvenile Diabetes Research Fund Closed-Loop Research group

Visual Abstract
IMPORTANCE Hybrid closed-loop (HCL) therapy has improved glycemic control in children
and adolescents with type 1diabetes; however, the efficacy of HCL on glycemic and
psychosocial outcomes has not yet been established in a long-term randomized clinical trial.

Supplemental content

OBJECTIVE To determine the percentage of time spent in the target glucose range using HCL
vs current conventional therapies of continuous subcutaneous insulin infusion or multiple
daily insulin injections with or without continuous glucose monitoring (CGM).

DESIGN, SETTING, AND PARTICIPANTS This 6-month, multicenter, randomized clinical trial
included 172 children and adolescents with type 1diabetes; patients were recruited between
April 18, 2017, and October 4, 2019, in Australia. Data were analyzed from July 25, 2020, to
February 26, 2021.

INTERVENTIONS Eligible participants were randomly assigned to either the control group for
conventional therapy (continuous subcutaneous insulin infusion or multiple daily insulin
injections with or without CGM) or the intervention group for HCL therapy.

MAIN OUTCOMES AND MEASURES The primary outcome was the percentage of time in range
(TIR) within a glucose range of 70 to 180 mg/dL, measured by 3-week masked CGM collected
at the end of the study in both groups. Secondary outcomes included CGM metrics for
hypoglycemia, hyperglycemia, and glycemic variability and psychosocial measures collected
by validated questionnaires.

RESULTS A total of 135 patients (mean [SD] age, 15.3 [3.1] years; 76 girls [56%]) were included,
with 68 randomized to the control group and 67 to the HCL group. Patients had a mean (SD)
diabetes duration of 7.7 (4.3) years and mean hemoglobin A, of 64 (11) mmol/mol, with 110
participants (81%) receiving continuous subcutaneous insulin infusion and 72 (53%) receiving
CGM. In the intention-to-treat analyses, TIR increased from a mean (SD) of 53.1% (13.0%) at
baseline to 62.5% (12.0%) at the end of the study in the HCL group and from 54.6% (12.5%)
t0 56.1% (12.2%) in the control group, with a mean adjusted difference between the 2 groups
of 6.7% (95% Cl, 2.7%-10.8%; P = .002). Hybrid closed-loop therapy also reduced the time
that patients spent in a hypoglycemic (<70 mg/dL) range (difference, -1.9%; 95% Cl, -2.5%
to -1.3%) and improved glycemic variability (coefficient of variation difference, -5.7%; 95%
Cl, -10.2% to —0.9%). Hybrid closed-loop therapy was associated with improved
diabetes-specific quality of life (difference, 4.4 points; 95% Cl, 0.4-8.4 points), with no
change in diabetes distress. There were no episodes of severe hypoglycemia or diabetic

ketoacidosis in either group. Author Affliations: Author
affiliations are listed at the end of this

article.

CONCLUSIONS AND RELEVANCE In this randomized clinical trial, 6 months of HCL therapy
significantly improved glycemic control and quality of life compared with conventional ) _
therapy in children and adolescents with type 1diabetes. Group Information: The Australian
Juvenile Diabetes Research Fund
Closed-Loop Research group

members appear in Supplement 4.

TRIAL REGISTRATION ANZCTR identifier: ACTRN12616000753459

Corresponding Author: Timothy W.

Jones, MD, Department of

Endocrinology and Diabetes, Perth

Children’s Hospital, 15 Hospital Ave,

Nedlands, Perth, Western Australia
JAMA Pediatr. 2021;175(12):1227-1235. doi:10.1001/jamapediatrics.2021.3965 60009, Australia (tim.jones@
Published online October 11, 2021. health.wa.gov.au).

1227

© 2021 American Medical Association. All rights reserved.

ENAOKPINOAOTIA - AIABHTOAQT A - METABOAIEMOE. €V6 ) 21




[72]
w
=
>
w
(=]
(=]
4
<
(%]
=
w
-
[’d
>
(%]
=
<
(=]
&3
=
o
o
=
o
2
I
O
w
[=
o
=
o
[~
w
P
w

INSOYAINO-EZAPTQMENOE SAXAPQAHS AIABHTHE | BAIA AAMMAAIAPH

O

Multicenter Trial of a Tubeless,
On-Body Automated Insulin
Delivery System With
Customizable Glycemic Targets
in Pediatric and Adult
Participants With Type 1
Diabetes

Diabetes Care 2021,44:1630-1640 | https.//doi.org/10.2337/dc21-0172

OBJECTIVE

Advances in diabetes technology have transformed the treatment paradigm for
type 1 diabetes, yet the burden of disease is significant. We report on a pivotal
safety study of the first tubeless, on-body automated insulin delivery system with
customizable glycemic targets.

RESEARCH DESIGN AND METHODS

This single-arm, multicenter, prospective study enrolled 112 children (age 6-13.9
years) and 129 adults (age 14-70 years). A 2-week standard therapy phase (usual
insulin regimen) was followed by 3 months of automated insulin delivery. Prim-
ary safety outcomes were incidence of severe hypoglycemia and diabetic ketoaci-
dosis. Primary effectiveness outcomes were change in HbA,. and percent time in
sensor glucose range 70-180 mg/dL (“time in range”).

RESULTS

A total of 235 participants (98% of enrolled, including 111 children and 124
adults) completed the study. HbA, . was significantly reduced in children by 0.71%
(7.8 mmol/mol) (mean % SD: 7.67 + 0.95% to 6.99 + 0.63% [60 + 10.4 mmol/mol
to 53 £ 6.9 mmol/mol], P < 0.0001) and in adults by 0.38% (4.2 mmol/mol) (7.16
+0.86% to 6.78 £ 0.68% [55 + 9.4 mmol/mol to 51 + 7.4 mmol/mol], P < 0.0001).
Time in range was improved from standard therapy by 15.6 + 11.5% or 3.7 h/day
in children and 9.3 + 11.8% or 2.2 h/day in adults (both P < 0.0001). This was ac-
complished with a reduction in time in hypoglycemia <70 mg/dL among adults
(median [interquartile range]: 2.00% [0.63, 4.06] to 1.09% [0.46, 1.75], P <
0.0001), while this parameter remained the same in children. There were three
severe hypoglycemia events not attributable to automated insulin delivery mal-
function and one diabetic ketoacidosis event from an infusion site failure.

CONCLUSIONS

This tubeless automated insulin delivery system was safe and allowed partici-
pants to significantly improve HbA, levels and time in target glucose range with
a very low occurrence of hypoglycemia.
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Articles

Comparing real-time and intermittently scanned continuous
glucose monitoring in adults with type 1 diabetes (ALERTT1):
a 6-month, prospective, multicentre, randomised controlled

trial

Margaretha M Visser, Sara Charleer, Steffen Fieuws, Christophe De Block, Robert Hilbrands, Liesbeth Van Huffel, Toon Maes, Gerd Vanhaverbeke,
Eveline Dirinck, Nele Myngheer, Chris Vercammen, Frank Nobels, Bart Keymeulen, Chantal Mathieu, Pieter Gillard

Summary

Background People with type 1 diabetes can continuously monitor their glucose levels on demand (intermittently
scanned continuous glucose monitoring [iSCGM]), or in real time (real-time continuous glucose monitoring
[rtCGM]). However, it is unclear whether switching from isCGM to rtCGM with alert functionality offers additional
benefits. Therefore, we did a trial comparing rtCGM and isCGM in adults with type 1 diabetes (ALERTT1).

Methods We did a prospective, double-arm, parallel-group, multicentre, randomised controlled trial in six hospitals in
Belgium. Adults with type 1 diabetes who previously used isCGM were randomly assigned (1:1) to rtCGM (intervention)
or isSCGM (control). Randomisation was done centrally using minimisation dependent on study centre, age, gender,
glycated haemoglobin (HbA, ), time in range (sensor glucose 3-9-10-0 mmol/L), insulin administration method, and
hypoglycaemia awareness. Participants, investigators, and study teams were not masked to group allocation. Primary
endpoint was mean between-group difference in time in range after 6 months assessed in the intention-to-treat
sample. This trial is registered with ClinicalTrials.gov, NCT03772600.

Findings Between Jan 29 and July 30, 2019, 269 participants were recruited, of whom 254 were randomly assigned to
rtCGM (n=127) or isCGM (n=127); 124 and 122 participants completed the study, respectively. After 6 months, time in
range was higher with rtCGM than with iSCGM (59-6% vs 51-9%; mean difference 6-85 percentage points [95% CI
4-36-9-34]; p<0-0001). After 6 months HbA, was lower (7-1% vs 7-4%; p<0-0001), as was time <3-0 mmol/L
(0-47% vs 0-84%; p=0-0070), and Hypoglycaemia Fear Survey version II worry subscale score (15-4 vs 18 -0; p=0-0071).
Fewer participants on rtCGM experienced severe hypoglycaemia (n=3 vs n=13; p=0-0082). Skin reaction was more
frequently observed with isCGM and bleeding after sensor insertion was more frequently reported by rtCGM users.

Interpretation In an unselected adult type 1 diabetes population, switching from isCGM to rtCGM significantly
improved time in range after 6 months of treatment, implying that clinicians should consider rtCGM instead of
isCGM to improve the health and quality of life of people with type 1 diabetes.

Funding Dexcom.
Copyright © 2021 Elsevier Lid. All rights reserved.

Introduction

The majority of people with type 1 diabetes do not
achieve glycated haemoglobin (HDbA,) below 7%
(53 mmol/mol)'? and spend a considerable part of the
day in hypoglycaemia and hyperglycaemia, exposing
them to risk of hypoglycaemic coma, ketoacidosis, and
chronic microvascular and macrovascular disease. In
recent years, progress has been made in the field of
home glucose self-monitoring with the advent of
subcutaneous sensors capable of reporting glycaemic
levels on demand (intermittently scanned continuous
glucose monitoring [isCGM]) or in real time (real-time
continuous glucose monitoring [rtCGM]). People on
iSCGM can check their glucose values by scanning
the sensor transmitter with a receiver or smartphone,
whereas the transmitter of 1tCGM automatically sends

www.thelancet.com Vol 397 June 12,2021
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a new value to a receiver, smart watch, or smartphone
every 1-5 min. In contrast to isCGM, rtCGM has the
option of (predictive) alerts for high and low blood
glucose levels, but is generally more expensive
than isCGM.’ Several randomised controlled trials
comparing the use of CGM with capillary blood glucose
measurements, showed that isSCGM and rtCGM have a
beneficial effect on glycaemic outcomes and quality of
life in people with type 1 diabetes treated with multiple
daily injections or insulin pump therapy.”® To address
the question whether switching from isCGM to
rtCGM offers additional benefits, we did a multicentre,
non-masked, randomised controlled trial comparing
6-month rtCGM use with 6-month isCGM use in
adults with type 1 diabetes who were previously using
isCGM.
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Hybrid Closed-Loop Systems for the Treatment
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ABSTRACT

In both pediatric and adult populations with
type 1 diabetes (T1D), technologies such as
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continuous subcutaneous insulin infusion
(CSII), continuous glucose monitoring (CGM),
or sensor-augmented pumps (SAP) can consis-
tently improve glycemic control [measured as
glycated hemoglobin (HbAlc) and time in
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range (TIR)] while reducing the risk of hypo-
glycemia. Use of technologies can thereby
improve quality of life and reduce the burden of
diabetes management compared with self-in-
jection of multiple daily insulin doses (MDI).
Novel hybrid closed-loop (HCL) systems repre-
sent the latest treatment modality for T1D,
combining modern glucose sensors and insulin
pumps with a linked control algorithm to offer
automated insulin delivery in response to blood
glucose levels and trends. HCL systems have
been associated with increased TIR, improved
HbAlc, and fewer hypoglycemic events com-
pared with CSII, SAP, and MDI, thereby poten-
tially improving quality of life for people with
diabetes (PwD) while reducing the costs of
treating short- and long-term diabetes-related
complications. However, many barriers to their
use and regional inequalities remain in Central
and Fastern Europe (CEE). Published data sug-
gest that access to diabetes technologies is hin-
dered by lack of funding, underdeveloped
health technology assessment (HTA) bodies and
guidelines, unfamiliarity with novel therapies,
and inadequacies in healthcare system capaci-
ties. To optimize the use of diabetes technolo-
gies in CEE, an international meeting
comprising experts in the field of diabetes was
held to map the current regional access, to
present the current national reimbursement
guidelines, and to recommend solutions to
overcome uptake barriers. Recommendations
included regional and national development of
HTA bodies, efficient allocation of resources,
and structured education programs for health-
care professionals and PwD. The responsibility
of the healthcare community to ensure that all
individuals with T1D gain access to modern
technologies in a timely and economically
responsible manner, thereby improving health
outcomes, was emphasized, particularly for
interventions that are cost-effective.

N. Zelinska

Ukrainian Scientific and Practical Center of
Endocrine Surgery, Transplantation of Endocrine
Organs and Tissues of the Ministry of Health of
Ukraine, Kyiv, Ukraine

Keywords: Advanced  hybrid closed-loop;
Central and Eastern Europe; Hybrid closed-
loop; Position statement; Type 1 diabetes

Key Summary Points

Diabetes technologies can help to improve
health outcomes for individuals with
type 1 diabetes (T1D) compared with
traditional, self-injectable treatments.

However, many barriers remain to their
use in Central and Eastern Europe (CEE),
including lack of funding,
underdeveloped health technology
assessment (HTA) bodies and guidelines,
unfamiliarity with novel therapies, and
inadequacies in healthcare system
capacities.

To overcome these barriers, the present
position statement recommended the
continued regional and national
development of HTA bodies, more
efficient allocation of resources, and
structured education programs for
healthcare professionals and people with
diabetes.

The expert group wished to emphasize the
responsibility of the healthcare
community to ensure that all individuals
with T1D gain timely access to modern,
cost-effective technologies to improve
health outcomes while providing value for
money for healthcare payers.

The present position statement should be
used to inform development of updated
guidance in the CEE region for the
reimbursement of efficacious diabetes
technologies, including novel hybrid
closed-loop systems.
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Table 1 Recommendations for use of current diabetes technologies

Technology Recommendation Evidence
level®
CSII CSII should be considered as a treatment option for all children and adults with T1D who are A

able to safely manage the device

A well-trained multidisciplinary specialist team is crucial for safe and effective patient selection, A

education, and management

Individuals should be adequately educated on CSII use through a comprehensive pump A

management education program

In people on MDI who are not achieving glycemic targets, CSII with or without CGM may be B
used to improve HbAlc

CSII with or without CGM may be used instead of MDI to improve treatment satisfaction, C
quality of life, and other health-related outcomes

Individuals on CSII should undergo periodic evaluation to determine whether CSII is effective E
CGM CGM should be considered in children and adults with T1D on CSII or MDI
Real-time CGM with high sensor adherence may be used to improve HbAlc regardless of the B

insulin delivery method
The benefits of CGM correlate with adherence to the ongoing use of the device B

CGM in conjunction with MDI can lower HbAlc and reduce hypoglycemia in adults with

T2D who are not meeting glycemic targets

CGM may be used in pregnant women with T1D to improve glycemic control and neonatal B

outcomes

CGM with alarms should be considered in patients with frequent hypoglycemia, previous B

hypoglycemic seizures, hypoglycemia unawareness, or when fear of hypoglycemia is high

Real-time CGM is preferred in those with frequent hypoglycemic episodes or hypoglycemia B

unawareness
SAP SAP can be considered in children and adults to improve glycemic control A
The benefits correlate with adherence to the ongoing use of the system A

=

SAP with automatic low glucose suspend may be considered for patients with T1D at high risk
for hypoglycemia to prevent episodes of hypoglycemia and reduce their severity

CGM continuous glucose monitoring, CSII continuous subcutaneous insulin infusion, HbAIc glycated hemoglobin, MDI
multiple daily insulin, SAP sensor-augmented pump, 71D type 1 diabetes, 72D type 2 diabetes

* A grading system developed by the American Diabetes Association was used to classify the evidence that forms the basis
for the recommendations. Recommendations are assigned ratings of A (clear evidence from well-conducted, generalizable
randomized controlled trials that were adequately powered, including evidence from a meta-analysis that incorporated
quality ratings in the analysis); B (evidence from a well-conducted prospective cohort study or registry, or from a well-
conducted meta-analysis of cohort studies); or C (evidence from randomized clinical trials with one or more major or three
or more minor methodological flaws that could invalidate the results, or from case series or case reports). Expert opinion
(E) is a separate category for recommendations in which there is no evidence from clinical trials
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ABSTRACT

Introduction: Swedish National Diabetes Reg-
istry data show a correlation of improved gly-
cemic control in people with type 1 diabetes
(T1D) with increased use of diabetes technolo-
gies over the past 25 years. However, novel
technologies are often associated with a high
initial outlay. The aim of the present study was
to evaluate the long-term cost-effectiveness of
the advanced hybrid closed-loop (AHCL) Mini-
Med 780G system versus intermittently scanned
continuous glucose monitoring (isCGM) plus
self-injection of multiple daily insulin (MDI) or
continuous subcutaneous insulin infusion
(CSII) in people with T1D in Sweden.

Methods: Outcomes were projected over
patients’ lifetimes using the IQVIA CORE Dia-
betes Model (v9.0). Clinical data, including
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changes in glycated hemoglobin (HbAlc) and
hypoglycemia rates, were sourced from obser-
vational studies and a randomized crossover
trial. Modeled patients were assumed to receive
the treatments for their lifetimes, with HbAlc
kept constant following the application of
treatment effects. Costs were accounted from a
societal perspective and expressed in Swedish
krona (SEK). Utilities and days off work esti-
mates were taken from published sources.
Results: The MiniMed 780G system was asso-
ciated with an improvement in life expectancy
of 0.16 years and an improvement in quality-
adjusted life expectancy of 1.95 quality-ad-
justed life years (QALYs) versus isCGM plus MDI
or CSII. These clinical benefits were due to a
reduced incidence and a delayed time to onset
of diabetes-related complications. Combined
costs were estimated to be SEK 727,408
(EUR 72,741) higher with MiniMed 780G, with
treatment costs partially offset by direct cost
savings from the avoidance of diabetes-related
complications and indirect cost savings from
the avoidance of lost workplace productivity.
The MiniMed 780G system was associated with
an incremental cost-effectiveness ratio of
SEK 373,700 per QALY gained.

Conclusions: Based on a willingness-to-pay
threshold of SEK 500,000 per QALY gained, the
MiniMed 780G system was projected to be cost-
effective versus isCGM plus MDI or CSII for the
treatment of T1D in Sweden.
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Cost-effectiveness analysis of an Advanced
Hybrid Closed Loop insulin delivery system in
people with type 1 diabetes in Greece

Dr. Vaia Lambadiari, Mr. Asli Zeynep Ozdemir Saltik, Dr. Simona de Portu, Ms. Maria Ida Buompensiere =], Dr. Aikaterini Kountouri,

Dr. Emmanouil Korakas, Ms. Helen Sharland, and Dr. Ohad Cohen
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Abstract

Introduction Usage of automated insulin delivery systems are increasing for the treatment of people with type 1 diabetes
(T1D). This study compared long-term cost-effectiveness of the Advanced Hybrid Closed Loop MiniMed 780G (AHCL)
system versus sensor augmented pump (SAP) system with predictive low glucose management (PLGM), or multiple daily
injections (MDI) plus intermittently-scanned continuous glucose monitoring (isCGM) in people with T1D in Greece. Methods
Analyses were performed using the IQVIA CORE Diabetes Model, with clinical input data sourced from various studies. In the
AHCL versus SAP plus PLGM analysis, patients were assumed to have 7.5% baseline HbA1c, when comparing AHCL with
MDI plus isCGM baseline HbA1c was assumed to be 7.8%. HbA1c was reduced to 7.0% following AHCL treatment initiation,
but remained at baseline levels in the comparator arms. Analyses were performed from a societal perspective over a lifetime
time horizon. Future costs and clinical outcomes were discounted at 1.5% per annum. Results AHCL was associated with
increased quality-adjusted life expectancy of 0.284 quality-adjusted life years (QALYs), and EUR 10,173 lower mean total
lifetime costs with SAP plus PLGM. Compared with MDI plus isCGM, AHCL was associated with increased quality-adjusted
life expectancy of 2.708 QALYs, EUR 76,396 higher mean total lifetime costs, and an ICER of EUR 29,869 per QALY. Extensive
sensitivity analysis confirmed the robustness of results. Conclusions Over patient lifetime, the MiniMed 780G system is
likely to be cost saving compared with the SAP plus PLGM system and cost-effective compared with MDI plus isCGM in
people with T1D in Greece.
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Abstract

Aim: To evaluate 26 weeks of liraglutide treatment in type 1 diabetes (T1D) by sub-
groups in the ADJUNCT ONE and ADJUNCT TWO trials.

Materials and Methods: ADJUNCT ONE and ADJUNCT TWO were randomized con-
trolled phase 3 trials in 1398 and 835 participants with T1D treated with liraglutide (1.8,
1.2, or 0.6 mg) or placebo (adjuncts to insulin). This post hoc analysis evaluated treatment
effects by subgroups: HbAlc (< or 28.5%), body mass index (BMI; < or 227 kg/m?), and
insulin regimen (basal bolus or continuous subcutaneous insulin infusion).

Results: In both trials at week 26, reductions in HbAlc, body weight, and daily insulin
dose did not differ significantly (P > .05) by baseline HbA1c or BMI. Risk of clinically signif-
icant hypoglycaemia or hyperglycaemia with ketosis did not differ significantly (P > .05) by
baseline HbA1c, BMI, or insulin regimen. At week 26 in ADJUNCT ONE, these risks did
not differ (P > .05) between treatment groups. Placebo-adjusted reductions in HbAlc,
body weight, and insulin dose (—0.30%-points, —5.0 kg, and —12%, respectively, with
liraglutide 1.8 mg), were significant (P < .05), greater than at week 52, and similar to those
in ADJUNCT TWO (—0.35%, —4.8 kg, and —10%, respectively, with liraglutide 1.8 mg).
Conclusions: In ADJUNCT ONE and ADJUNCT TWO, the efficacy and glycaemic
safety of liraglutide did not depend on subgroups, leaving residual beta-cell function
as the only identified variable impacting the effect of glucagon-like peptide-1 recep-
tor agonists (GLP-1 RAs) in T1D. These findings support a role for GLP-1 RAs as
adjuncts to insulin in T1D, warranting further study.

KEYWORDS
clinical trial, incretin therapy, liraglutide, type 1 diabetes

Prior presentation/publication: Parts of these data have been accepted as an abstract and were presented as a poster at the American Diabetes Association (ADA) - 81st Annual Scientific
Session, 25-29 June 2021, and the corresponding abstract has been published by ADA (Dejgaard et al. Diabetes 2021; 70(Suppl 1): doi: 10.2337/db21-675-P).

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.
© 2021 The Authors. Diabetes, Obesity and Metabolism published by John Wiley & Sons Ltd.
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Abstract

Aim: To assess whether adding empagliflozin to closed-loop automated insulin deliv-
ery could reduce the need for carbohydrate counting in type 1 diabetes (T1D) with-
out worsening glucose control.

Materials and Methods: In an open-label, crossover, non-inferiority trial, 30 adult
participants with T1D underwent outpatient automated insulin delivery interventions
with three random sequences of prandial insulin strategy days: carbohydrate cou-
nting, simple meal announcement (no carbohydrate counting) and no meal announce-
ment. During each sequence of prandial insulin strategies, participants were randomly
assigned empagliflozin (25 mg/day) or not, and crossed over to the comparator. Mean
glucose for carbohydrate counting without empaglifiozin (control) was compared with
no meal announcement with empagliflozin (in the primary non-inferiority comparison)
and simple meal announcement with empagliflozin (in the conditional primary non-
inferiority comparison).

Results: Participants were aged 40 + 15 years, had 27 + 15 years diabetes duration
and HbA1c of 7.6% + 0.7% (59 + 8 mmol/mol). The system with no meal announce-
ment and empagliflozin was not non-inferior (and thus reasonably considered inferior)
to the control arm (mean glucose 10.0 + 1.6 vs. 8.5 + 1.5 mmol/L; non-inferiority
p =.94), while simple meal announcement and empagliflozin was non-inferior
(8.5 = 1.4 mmol/L; non-inferiority p = .003). Use of empagliflozin on the background
of automated insulin delivery with carbohydrate counting was associated with lower

1272 | © 2021 John Wiley & Sons Ltd
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1 | INTRODUCTION

In type 1 diabetes (T1D) management, the carbohydrate content of

t.22 Conse-

meals is the main determinant of prandial insulin requiremen
quently, accurate carbohydrate counting is recommended for people
with T1D¥? and is associated with better glycaemic control.®> However,
accurate carbohydrate counting is challenging for people with diabetes,
is associated with an average counting error approximating 20%, and
does not eliminate postprandial hypoglycaemia.* Moreover, the need
for carbohydrate counting may also negatively influence dietary choices
as people with diabetes may prefer prepackaged processed foods to
whole foods such as whole grains and fruits, simply because they are
accompanied by nutrition labels that more clearly state the amount of
carbohydrates.” Carbohydrate counting is particularly challenging when
eating out, simply because the carbohydrate content of meals may not
be readily accessible or accurate.

Closed-loop automated insulin delivery (the artificial pancreas) is a
clinical strategy that automates insulin delivery through an insulin pump
based on glucose sensor readings and a dosing algorithm.® Commercially
available systems are termed ‘hybrid automated insulin delivery sys-
tems’ as they automate basal insulin delivery but require the user to esti-
mate prandial insulin”~® Early automated insulin delivery studies
attempted to eliminate carbohydrate counting by omitting prandial insu-
lin boluses and instead relied on glucose sensor readings to provide
meal-related insulin requirements.’®** However, because of delays in
subcutaneous insulin absorption? compared with meal glucose
absorption,'® this approach results in significant postprandial hyper-
glycaemia.’®*! An alternative approach that would avoid carbohydrate
counting but necessitates announcing the meal to the system, is to give
a partial prandial bolus that is dependent on body weight.1%* Although
systems adopting this approach achieve better postprandial control
compared with complete omission of the prandial insulin bolus,'° they
lead to higher postprandial excursions compared with carbohydrate-
matched bolus delivery.** Consequently, all automated insulin delivery
systems that outperformed conventional pump therapy required either

carbohydrate counting”®*>

or meal-size categorization based on carbo-
hydrate content, in which the user must choose if the meal is small,

medium or large regarding the carbohydrate content.*¢~18

ENAOKPINOAOTIA L AIABHTOAQTIA - METABOAIZMOE evd )
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Sodium-glucose co-transporter inhibitors (SGLTis) may represent
a pharmacological strategy to improve the glycaemic performance of
automated insulin delivery systems by reducing postprandial
glycaemic exposure.??° These agents inhibit glucose reabsorption in
the kidney, which allows more glucose to be excreted in the urine and
thus lowers blood glucose levels through an insulin-independent
mechanism.?* Extensive T1D phase 3 clinical trials have been con-
ducted with SGLTis, showing reduction in HbA1c, weight and blood
pressure without increasing hypoglycaemia.???® Moreover, post hoc
analysis of recent randomized trials suggests renal protection with
SGLTis in individuals with type 1 diabetes and albuminuria.?* How-
ever, because of the mechanism of action, SGLTis can induce ketosis
and potentiate diabetic ketoacidosis. Although not approved in the
United States or Canada, low doses of agents from the SGLTi class
have been approved for use in people with type 1 diabetes in the
European Union and in Japan. We assessed whether adding
empagliflozin, a highly selective SGLTi,?> to closed-loop automated
insulin delivery systems, can reduce the need for carbohydrate cou-

nting without degrading glucose control.

2 | METHODS
21 | Participants

From July 2018 to November 2019, participants were enrolled at
Mount Sinai Hospital, Toronto, Ontario, and the Research Institute of
McGill University Health Centre, Montreal, Quebec, Canada. Partici-
pants were adults aged 18-65 years, diagnosed with T1D for more
than 1 year, had used an insulin pump for more than 3 months and
had an HbA1c of 10% or less. Exclusion criteria included renal insuffi-
ciency, use of non-insulin antihyperglycaemic drugs (e.g. glucagon-like
peptide-1 [GLP-1] analogues), use of loop diuretics, pregnancy, dia-
betic ketoacidosis in the last 3 months, history of lower limb amputa-
tion, recent history of genital or urinary infection, and recent history
of leg or foot infection. All participants provided written informed
consent. The study was approved by the local ethics committees and
Health Canada.
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Abstract

Aim: To investigate whether the long-acting insulin analogue insulin degludec com-
pared with insulin glargine U100 reduces the risk of nocturnal symptomatic
hypoglycaemia in patients with type 1 diabetes (T1D).

Funding information Methods: Adults with T1D and at least one episode of nocturnal severe

Novo Nordisk hypoglycaemia during the last 2 years were included in a 2-year prospective,

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.
© 2021 The Authors. Diabetes, Obesity and Metabolism published by John Wiley & Sons Ltd.
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randomized, open, multicentre, crossover trial. A total of 149 patients were
randomized 1:1 to basal-bolus therapy with insulin degludec and insulin aspart
or insulin glargine U100 and insulin aspart. Each treatment period lasted
1 year and consisted of 3 months of run-in or crossover followed by 9 months
of maintenance. The primary endpoint was the number of blindly adjudicated
nocturnal symptomatic hypoglycaemic episodes. Secondary endpoints included
the occurrence of severe hypoglycaemia. We analysed all endpoints by
intention-to-treat.

Results: Treatment with insulin degludec resulted in a 28% (95% Cl: 9%-43%;
P = .02) relative rate reduction (RRR) of nocturnal symptomatic hypoglycaemia at
level 1 (<3.9 mmol/L), a 37% (95% Cl: 16%-53%; P = .002) RRR at level 2
(3.0 mmol/L), and a 35% (95% Cl: 1%-58%; P = .04) RRR in all-day severe
hypoglycaemia compared with insulin glargine U100.

Conclusions: Patients with T1D prone to nocturnal severe hypoglycaemia have lower
rates of nocturnal symptomatic hypoglycaemia and all-day severe hypoglycaemia

with insulin degludec compared with insulin glargine U100.

KEYWORDS

1 | INTRODUCTION

Hypoglycaemia is the primary side effect of insulin therapy in type
1 diabetes and a daily source of concern for patients and their rela-
tives.? Nocturnal hypoglycaemia, in particular, is feared by many
patients, and their effort to reduce the risk may result in overnight
hyperglycaemia, which is a significant contributor to poor glycaemic
control, and ultimately a potential driver of microvascular complica-
tions.3® Therefore, reducing nocturnal hypoglycaemia is a corner-
stone to improve overall glycaemic control and treatment outcomes in
type 1 diabetes.

During the night, a significant cause of hypoglycaemia is inappropri-
ate nocturnal insulin action because of an unphysiological action profile
and variable absorption of basal insulin. Even although the first-generation
long-acting insulin analogues glargine U100 and detemir, in comparison
with NPH insulin, consistently reduce the risk of nocturnal hypoglycaemia
in patients with type 1 diabetes, nocturnal hypoglycaemia remains a sig-
nificant clinical problem.”” The newer long-acting insulin analogue
degludec displays a further 25% relative rate reduction (RRR) of nocturnal
hypoglycaemia compared with insulin glargine U100 in the phase 3 trials
in patients with type 1 diabetes at a low risk of hypoglycaemia.’® This
reduction is confirmed in a trial including subgroups of patients at an
increased risk of hypoglycaemia.*! However, no data exist on patients
specifically prone to nocturnal severe hypoglycaemia.

Therefore, the HypoDeg trial aims to investigate whether the
rate of nocturnal symptomatic hypoglycaemia is lower with insu-
lin degludec U100 compared with insulin glargine U100 in
patients with type 1 diabetes prone to nocturnal severe

hypoglycaemia.
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2 | MATERIALS AND METHODS
2.1 | Study design and participants

The HypoDeg trial was an investigator-initiated, 2-year, crossover
study conducted in a prospective, randomized, open, blinded endpoint
(PROBE) design, carried out at 10 centres in Denmark. Each 1-year
treatment period consisted of 3 months of run-in or crossover, used
for insulin dose adjustment and stabilization of treatment regimens,
followed by 9 months of maintenance. A detailed description of the
study design has been published previously.*?

Patients were eligible if they had been diagnosed clinically with type
1 diabetes for more than 5 years, were aged 18 years or older, and
reported one or more episodes of nocturnal severe hypoglycaemia in the
previous 2 years (defined by the need for treatment assistance from
another person). Pertinent exclusion criteria were: history of primary and
secondary adrenal insufficiency, growth hormone deficiency or untreated
hypothyroidism, unstable macrovascular disease, history of malignancy,
drug or alcohol abuse, and HbAlc more than 86 mmol/mol (>10%).12
Because the use of continuous glucose monitoring (CGM) was very lim-
ited in Denmark at this time we decided only to include people using self-
monitored blood glucose (SMBG) as control of glycaemia.

We identified participants by either a screening questionnaire,
which was mailed to the patients, or completed by the patients in the
outpatient clinics, or by opportunistic screening in the clinics.

The study was approved by the Regional Committee on
Biomedical Research Ethics (#H-3-2014-101), the Danish Medicines
Agency (#2014071615), and the Danish Data Protection Agency
(I-suite no: 02945; #NOH-2014-018), and was registered at www.
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Abstract: Recent reports have demonstrated the association between type 1 diabetes mellitus (T1DM)
and increased morbidity and mortality rates during coronavirus disease (COVID-19) infection, setting
a priority of these patients for vaccination. Impaired innate and adaptive immunity observed in
T1DM seem to play a major role. Severe, life-threatening COVID-19 disease is characterized by the
excessive release of pro-inflammatory cytokines, known as a “cytokine storm”. Patients with TIDM
present elevated levels of cytokines including interleukin-1a (IL), IL-13, IL-2, IL-6 and tumor necrosis
factor alpha (TNF-«), suggesting the pre-existence of chronic inflammation, which, in turn, has been
considered the major risk factor of adverse COVID-19 outcomes in many cohorts. Even more impor-
tantly, oxidative stress is a key player in COVID-19 pathogenesis and determines disease severity.
It is well-known that extreme glucose excursions, the prominent feature of T1IDM, are a potent
mediator of oxidative stress through several pathways including the activation of protein kinase
C (PKC) and the increased production of advanced glycation end products (AGEs). Additionally,
chronic endothelial dysfunction and the hypercoagulant state observed in T1DM, in combination
with the direct damage of endothelial cells by severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), may result in endothelial and microcirculation impairment, which contribute to the
pathogenesis of acute respiratory syndrome and multi-organ failure. The binding of SARS-CoV-2 to
angiotensin converting enzyme 2 (ACE2) receptors in pancreatic b-cells permits the direct destruction
of b-cells, which contributes to the development of new-onset diabetes and the induction of diabetic
ketoacidosis (DKA) in patients with TIDM. Large clinical studies are required to clarify the exact
pathways through which T1IDM results in worse COVID-19 outcomes.

Keywords: inflammation; immunity; oxidative stress; SARS-CoV-2; type 1 diabetes mellitus; hyper-
glycemia; endothelial dysfunction; ACE2

1. Introduction

Coronavirus disease (COVID-19) is a newly recognized infection that was first re-
ported in Wuhan, China in December 2019 and has rapidly spread worldwide. COVID-19
is caused by a novel enveloped RNA beta-coronavirus named severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) [1,2]. On 11 March 2020, the World Health Organization
(WHO) declared the outbreak of COVID-19 as a pandemic after recording 118,000 cases
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LETTER TO THE EDITOR

Glycemic Control of Patients with Type 1 Diabetes
Using an Insulin Pump Before and During
the COVID-19-Associated Quarantine

Aikaterini Barmpagianni, MD,' Vaia Lambadiari, MD, PHD,?
Athanasia Papazafiropoulou, MD, PHD.? Aikaterini Kountouri, MD?
Athina Stergiou, MSC,?> Andreas Melidonis, MD, PHD,* and Stavros Liatis, MD, PHD'

Dear Editor,

HE UNPRECEDENTED EXPERIENCE of the COVID-19

lockdown altered the normality and daily routine of a
great proportion of the global population, including patients
with type 1 diabetes (DM1). Currently, very few and con-
flicting data exist regarding the influence of the COVID-19-
related quarantine on the glycemic control of these people.
The aim of this analysis is to compare glycemic control as
obtained by continuous glucose monitoring (CGM) in adults
with DM1 using a CGM-augmented insulin pump with or
without a closed-loop system, before and during the lock-
down period.

Consecutive adult patients with DM1 were recruited at
their first postlockdown appointment at the insulin pump
outpatient clinic of the participating hospitals (see first three
affiliations). CGM recordings up to three months before that
visit were downloaded and analyzed. CGM-derived glycemic
metrics, defined according to the international consensus on
time in range (TIR) recommendations,' from three phases
were compared: phase 1, the 15-day period immediately
before the lockdown date; phase 2, the 15-day period im-
mediately after the lockdown (early lockdown); and phase 3,
the 15-day period after phase 2 (late lockdown). TIR7o_g0,
times below (TBR_;o/TBR_s4) and above range (TAR. g0/
TAR.,50), average glucose (AvgGlu), and glucose manage-
ment index (GMI) were compared between the two post-
lockdown periods and the prelockdown period, using a paired
testing statistical approach. All patients signed an informed
consent to allow for CGM data download. The study was
performed according to the declaration of Helsinki principles
and was approved by the ethics committees of all partici-
pating hospitals.

A total of 46 patients (16 men), using a CGM device for
>80% of the requested time periods, (mean age 38.2 [standard

deviation: 12.9] years, median DM1 duration 19.5 [inter-
quartile range: 12-28] years), were included. Thirty-six pa-
tients had been using a closed loop system designed to
“suspend before low” (Medtronic MiniMed 640G/Enlite®),
whereas 10 had been using an open loop system with various
types of insulin pump and the same flush CGM device
(Freestyle libre, Abbottb).

The comparisons between CGM-obtained glycemic met-
rics are given in Table 1. TIRo_;g0 Was significantly longer in
late lockdown, as compared with prelockdown phase. Over-
all, glucose values tended to be lower during both quarantine
phases, as indicated by the lower AvgGlu, the lower GMI, the
longer TBR_7, the shorter TAR. gy and TAR.,59, and the
longer times spent in automatic suspension (in closed-loop
users) (Table 1). After applying Bonferroni adjustment for
multiple comparisons, only the GMI and the time in suspension
mode remained statistically significantly different during the
two quarantine periods. No significant difference was observed
among the three periods regarding the dose of insulin (either
basal or bolus) and the amount of consumed carbohydrates.
None of the patients was ever diagnosed with COVID-19.

Our retrospective analysis shows that adults with DM1
treated by advanced technology systems did not experience a
deterioration of glycemic control during the quarantine pe-
riod. On the contrary, CGM-obtained indices during both the
early and the late quarantine phases pointed toward lower
glucose values. Importantly, in patients using a ‘‘sustain
before low’’ system, the time spent in automatic suspension
increased by ~ 30%—-40% during the total lockdown period,
indicating a higher tendency toward hypoglycemia and
lower insulin needs. In this sense, it seems reasonable to

“The only closed-loop system available in the Greek market.
"The only CGMS fully reimbursed by the national security
system in Greece.

'First Department of Propaedeutic Internal Medicine, National and Kapodistrian University of Athens Medical School, Athens, Greece.
Second Department of Internal Medicine, Research Institute and Diabetes Center, National and Kapodistrian University of Athens

Medical School, Attikon University Hospital, Athens, Greece.

3First Department of Internal Medicine and Diabetes Center, Tzaneio General Hospital of Piraeus, Piraeus, Greece.
“Diabetes and Cardiometabolic Center, Metropolitan Hospital, Piraeus, Greece.
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TABLE 1. CONTINUOUS GLUCOSE MONITORINGS — OBTAINED GLYCEMIC METRICS
BETWEEN THE TwO POSTLOCKDOWN AND THE PRELOCKDOWN PERIODS
Comparison Comparison
Lockdown Lockdown  prelockdown/lockdown prelockdown/lockdown

CGM metrics Prelockdown days 1-15 days 16-30 days 1-15 days 16-30
TIR7_150 (%) 66.3 (16.4) 68.3 (16.1) 68.9 (15.2) 0.17 0.025
TBR 7o (%)* 3.6 (5.9) 4.8 (6.5) 3.9 (5.3) 0.05 0.61
TBR.s4 (%)* 0.1 (0.0-0.6) 0.2 (0.0-1.0) 0.3 (0.0-0.8) 0.10 0.09
TAR. 39 (%) 30.0 (17.3) 26.8 (17.2) 27.1 (16.2) 0.049 0.04
TAR.>50 (%) 6.6 (8.5) 4.5 (5.6) 5.8 (9.1) 0.036 0.42
AvgGlu 159.5 (33.3) 152.5 (31.4) 153.6 (32.4) 0.005 0.02
CV (%) 32.9 (5.1) 32.2 (5.2) 32.1 (4.0) 0.33 0.20
GMI (%) 7.2 (0.9) 6.9 (0.8) 6.9 (1.1) 0.007 0.007
Suspension mode® 105.6 (76.0) 130.5 (72.3) 138.7 (79.4) 0.016 <0.001

(min/day)
Insulin dose (U/day)

Basal 22.2 (11.7) 21.9 (10.3) 22.3 (11.1) 0.66 0.90

Bolus 26.8 (15.6) 26.7 (17.2) 27.0 (19.6) 0.91 0.85

Total 49.0 (25.2) 48.6 (25.5) 49.3 (28.8) 0.71 0.84
CHO consumed 158.6 (79.7) 154.7 (69.4) 153.5 (71.6) 0.53 0.47

(g/day)

“Nonparametric test used (median interquartile range).

AvgGlu, Average glucose value; CGM, continuous glucose monitoring; CHO, carbohydrates; CV, coefficient of variation; GMI, glucose
management index; Susp. time, mean time spent in automatic suspension mode daily; TAR, time above range; TBR, time below range; TIR,

time in range.

hypothesize that closed-loop systems offered protection
against hypoglycemia to their users. Hitherto, in two reports
from Italy>> (a country heavily affected by COVID-19),
glucose control improved slightly during the quarantine to a
very similar extent as to our report. In another study from
India, however, in DM1 patients not using advanced insulin
delivery and/or glucose monitoring systems, glucose control
deteriorated.” It seems plausible that the direction of gly-
cemic control during such a disastrous situation may differ
depending on several parameters related to the catastrophe
itself and its consequences as well as on the individual
characteristics of the patient.

The population of our study is characterized by good dia-
betes education, use of advanced technology, good glycemic
control, and a feeling of security due to the very low incidence
of COVID-19 in Greece. This combination of events might
have been responsible for tilting the balance of glycemia to-
ward lower values. Important limitations of this analysis are its
retrospective design, the use of different pumps/CGM devices,
and its reflection of a single health care system.

In conclusion, in a country with low prevalence of
COVID-19 but early implementation of quarantine measures,
patients with DM1 did not experience a deterioration of
glycemic control. Lower glycemic levels were observed
during quarantine, as well as a tendency toward hypoglyce-
mia that was successfully anticipated by an increase of the
automatic insulin suspension time of the closed loop systems.
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Aims: Prevalence and risk factors of pre-symptomatic left ventricular systolic dysfunction (LVSD) in individuals
with type 1 diabetes (T1D) have not been adequately studied. The present cross-sectional study assessed the
prevalence of early LVSD in asymptomatic patients with type 1 diabetes and investigated potential risk factors.
Methods: Consecutive patients with T1D, free of cardiovascular disease and significant evident microvascular
complications were examined. LVSD was assessed by speckle-tracking echocardiography and calculation of
global longitudinal strain (GLS). Abnormal GLS was defined as a value>-18.7%. We looked for possible associa-

K ds: . . L. .
S;ﬁgg;_;w{mg echocardiography tions between the presence of LVSD and patient demographic, clinical and laboratory characteristics, as well as
Obesity with autonomic nervous system (ANS) function and arterial stiffness.

Risk factors Results: We enrolled 155 T1D patients (29.7% men, age 36.7 4 13.1 years, diabetes duration 19.1 & 10.0 years,

Pre-symptomatic diagnosis

HbA1c 7.5 £ 1.4%[58 + 15 mmol/mol]). Early LVSD was prevalent in 53 (34.2%) patients. Multivariable analysis

identified male gender (OR:4.14; 95% CI:1.39-12.31, p = 0.011), HbA1c (OR:1.59 per 1% increase; 95% CI:1.11-
2.28, p = 0.011), glomerular filtration rate (GFR, OR:0.97; 95% C1:0.95-0.99, p = 0.010) and BMI (OR:1.19; 95%
(CI:1.06-1.34, p = 0.003) as independent predictors of LVSD presence.

Conclusions: Early subclinical LVSD is a common finding in asymptomatic patients with T1D, free of
macrovascular and significant microvascular complications. Apart from chronic hyperglycemia, increased adi-
posity may be implicated in its etiology. Further investigation is warranted to identify patients at high risk for
whom early screening is required and to determine possible associations between risk markers identified in
the present analysis and long-term outcomes.

© 2021 Elsevier Inc. All rights reserved.

1. Introduction

Despite recent improvements in outcomes of cardiovascular disease
(CVD) in type 1 diabetes,! young patients experience a > 10-fold in-
creased risk of CVD morbidity and mortality compared to the age-
adjusted general population.? Although rates of coronary heart disease
and CVD in type 1 diabetes may be declining overtime faster than in
the general population,’ the condition is still strongly linked to CVD out-
comes, at an even higher rate than type 2 diabetes according to a recent
analysis of >10 million individuals in the UK National Health Service.? It
is also linked to a higher incidence of heart failure (HF) than type 2 dia-
betes, across most of the life course.* Furthermore, diabetes has been

* Corresponding author at: Department of Cardiology, Laiko General Hospital, 17 Agiou
Thoma Street, 11 527 Athens, Greece.
E-mail address: c.kapelios@alumni.lse.ac.uk (CJ. Kapelios).
1 Equal contribution.

https://doi.org/10.1016/j.jdiacomp.2021.107913
1056-8727/© 2021 Elsevier Inc. All rights reserved.
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associated with worse HF prognosis, independently of the presence of
coronary heart disease or left ventricular ejection fraction.” Nonetheless,
the existence of a so-called “diabetic cardiomyopathy” as a distinct clin-
ical entity is still a matter of debate and is usually defined as “ventricular
dysfunction in the absence of coronary artery disease and
hypertension”.® No specific strategy has been shown to more effectively
treat HF related to diabetes. The sodium-glucose cotransporter-2 inhib-
itors (SGLT-2i), a new class of glucose-lowering medications to treat
type 2 diabetes, have been shown to exert beneficial effects regarding
HF outcomes irrespectively of the presence of diabetes, thus indicating
that their prevailing mechanisms of action are not related to their
glucose-lowering effect.”

The most common echocardiographic findings in asymptomatic pa-
tients with diabetes are related to left ventricular diastolic dysfunction.®
Left ventricular systolic dysfunction (LVSD) in patients with diabetes is
less frequently described in the literature.’ This disparity, however, is
most probably attributable to the limited diagnostic accuracy of

21
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Stavroula Kostaridou-Nikolopoulou’, Athanasios Raptis? and Vaia Lambadiari®*

" Department of Paediatrics, Penteli Children’s Hospital, Athens, Greece,  Second Department of Internal Medicine and
Research Institute, Medical School, Attikon University Hospital, National and Kapodistrian University of Athens, Athens,
Greece, ° Health Center of Kalivia, Athens, Greece

Hyperglycemia is a commmon manifestation in the course of severe disease and is
the result of acute metabolic and hormonal changes associated with various factors
such as trauma, stress, surgery, or infection. Numerous studies demonstrate the
association of adverse clinical events with stress hyperglycemia. This article briefly
describes the pathophysiological mechanisms which lead to hyperglycemia under
stressful circumstances particularly in the pediatric and adolescent population. The
importance of prevention of hyperglycemia, especially for children, is emphasized and
the existing models for the prediction of diabetes are presented. The available studies
on the association between stress hyperglycemia and progress to type 1 diabetes
mellitus are presented, implying a possible role for stress hyperglycemia as part of
a broader prognostic model for the prediction and prevention of overt disease in
susceptible patients.

Keywords: stress hyperglycemia, type 1 diabetes mellitus, autoantibodies, inflammation, environmental factors

Introduction

The term stress hyperglycemia (SH) refers to a transient increase in plasma glucose levels (usually
above 150 mg/dl) during acute illness or physical or psychological stress, which subsides when the
stressful condition resolves (1). Specifically, according to the latest American Diabetes Association
and American Association of Clinical Endocrinologists consensus, stress hyperglycemia is defined
as any transient inpatient plasma glucose levels > 140 mg/dl (fasting plasma glucose of >126
mg/dl or random plasma glucose > 200 mg/dl) without evidence of previous diabetes (2). Common
causes in children include febrile infections and seizures, trauma, cardiac surgery and burns, and its
incidence in the pediatric population admitted to the hospital is quite remarkable. Almost 3.8-5%
of non-diabetic children presenting to the emergency department have glucose levels >150 mg/dl,
while about 20-35% of critically ill children surpass the cut-off point of 200 mg/dl in the intensive
care unit (ICU) (3). In most patients, hyperglycemia is mild to moderate, with blood glucose
concentrations ranging between 150 and 299 mg/dl, however, values of 300 mg/dl or higher have
also been reported in smaller cohorts, especially in the ICU setting.

Frontiers in Pediatrics | www.frontiersin.org
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Objective: To provide evidence-based recommendations regarding the use of advanced technology in the

management of persons with diabetes mellitus to clinicians, diabetes-care teams, health care professionals,

and other stakeholders.

Methods: The American Association of Clinical Endocrinology (AACE) conducted literature searches for

Key words: relevant articles published from 2012 to 2021. A task force of medical experts developed evidence-based

automated insulin dosing guideline recommendations based on a review of clinical evidence, expertise, and informal consensus,

continuous glucose monitoring according to established AACE protocol for guideline development.

continuous subcutaneous insulin infusion Main Outcome Measures: Primary outcomes of interest included hemoglobin A1C, rates and severity of

diabetes hypoglycemia, time in range, time above range, and time below range.

diabetes technology Results: This guideline includes 37 evidence-based clinical practice recommendations for advanced

glucqse SENSOrs diabetes technology and contains 357 citations that inform the evidence base.

hybrid closed loop . . R .

insulin pumps Recomrpendaaons: Evidence-based recommenda.tlons.were develohpecl regar(_jmg the efﬁca.cy anc! safety

sensor-augmented pump of devices for the management of persons with diabetes mellitus, metrics used to aide with the

low-glucose suspend assessment of advanced diabetes technology, and standards for the implementation of this technology.

predictive low-glucose suspend Conclusions: Advanced diabetes technology can assist persons with diabetes to safely and effectively
achieve glycemic targets, improve quality of life, add greater convenience, potentially reduce burden of

Disclaimer: The American Association of Clinical Endocrinology medical guidelines for clinical practice are systematically developed statements to assist health care
professionals in medical decision-making for specific clinical conditions. Most of the content herein is based on clinical evidence. In areas of uncertainty, or when clarification
is required, expert opinion and professional judgment were applied.

This guideline is a working document that reflects the state of the field at the time of publication. Because rapid changes are expected in this area, periodic revisions are
inevitable. We encourage medical professionals to use this information in conjunction with their best clinical judgment. The presented recommendations may not be
appropriate in all situations. Any decision by practitioners to apply these guidelines must be made considering local resources and individual patient circumstances.

Please address reprint requests to: publications@aace.com
Sources of Support: None.

https://doi.org/10.1016/j.eprac.2021.04.008
1530-891X/© 2021 Published by Elsevier Inc. on behalf of the AACE.

ENAOKPINOAOTIA - AIABHTOAQT A - METABOAIEMOE. €V6 )




INSOYAINO-EZAPTQMENOE SAXAPQAHS AIABHTHE | BAIA AAMMAAIAPH
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The Management of Type 1
Diabetes in Adults. A Consensus
Report by the American Diabetes
Association (ADA) and the
FEuropean Association for the
Study of Diabetes (EASD)

Diabetes Care 2021,44:2589-2625 | https.//doi.org/10.2337/dci21-0043

The American Diabetes Association (ADA) and the European Association for the
Study of Diabetes (EASD) convened a writing group to develop a consensus state-
ment on the management of type 1 diabetes in adults. The writing group has con-
sidered the rapid development of new treatments and technologies and
addressed the following topics: diagnosis, aims of management, schedule of
care, diabetes self-management education and support, glucose monitoring,
insulin therapy, hypoglycemia, behavioral considerations, psychosocial care, dia-
betic ketoacidosis, pancreas and islet transplantation, adjunctive therapies, spe-
cial populations, inpatient management, and future perspectives. Although we
discuss the schedule for follow-up examinations and testing, we have not
included the evaluation and treatment of the chronic microvascular and macro-
vascular complications of diabetes as these are well-reviewed and discussed else-
where. The writing group was aware of both national and international guidance
on type 1 diabetes and did not seek to replicate this but rather aimed to highlight
the major areas that health care professionals should consider when managing
adults with type 1 diabetes. Though evidence-based where possible, the recom-
mendations in the report represent the consensus opinion of the authors.

SECTION 1: INTRODUCTION AND RATIONALE FOR THE CONSENSUS
REPORT

Type 1 diabetes is a condition caused by autoimmune damage of the insulin-
producing B-cells of the pancreatic islets, usually leading to severe endoge-
nous insulin deficiency. Type 1 diabetes accounts for approximately 5-10% of
all cases of diabetes. Although the incidence peaks in puberty and early adult-
hood, new-onset type 1 diabetes occurs in all age-groups and people with
type 1 diabetes live for many decades after onset of the disease, such that
the overall prevalence of type 1 diabetes is higher in adults than in children,
justifying our focus on type 1 diabetes in adults (1). The global prevalence of
type 1 diabetes is 5.9 per 10,000 people, while the incidence has risen rapidly
over the last 50 years and is currently estimated to be 15 per 100,000 people
per year (2).
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Flow chart for investigation of suspected type 1 diabetes in newly
diagnosed adults, based on data from White European populations

[ Adult with suspected type 1 diabetes' )
( Test islet autoantibodies? J
{ N\
Islet autoantibody negative
Islet autoantibody positive Vs
(5-10% of adult-onset type 1 diabetes)
" W
s D
Type 1 diabetes Age
\ J
a Ny
[ <35 years ] >35 years
\ S
4 N
D Unclear classification’
( Are there features of monogenic diabetes?® Make clinical decision as to
< how person with diabetes
should be treated
o ) Trial of non-insulin therapy may
Yes No Yes be appropriate®
Ao _ \ S
4 B 4 N
. Are there features of Consider C-peptide* test after
- 4
Test C-peptide type 2 diabetes?® >3 years duration
\ J \ S
>200 pmol/L <200 pmol/L <200 pmol/L 200-600 pmol/L >600 pmol/L

Type 1 Type 2

diabetes diabetes

Figure 1—Flowchart for investigation of suspected type 1 diabetes in newly diagnosed adults, based on data from White European populations.
No single clinical feature confirms type 1 diabetes in isolation. The most discriminative feature is younger age at diagnosis (<35 years), with
lower BMI (<25 kg/m?), unintentional weight loss, ketoacidosis, and glucose >20 mmol/L (>360 mg/dL) at presentation also being informative.
Other features classically associated with type 1 diabetes, such as ketosis without acidosis, osmotic symptoms, family history, or a history of
autoimmune diseases are weak discriminators. >GAD should be the primary antibody measured and, if negative, should be followed by islet
tyrosine phosphatase 2 (1A2) and/or zinc transporter 8 (ZNT8) where these tests are available. In those diagnosed below the age of 35 years
who have no clinical features of type 2 diabetes or monogenic diabetes, a negative result does not change the diagnosis of type 1 diabetes since
5-10% of people with type 1 diabetes do not have antibodies. *Monogenic diabetes is suggested by the presence of one or more of the follow-
ing features: HbA;. <58 mmol/mol (7.5%) at diagnosis, one parent with diabetes, features of specific monogenic cause (e.g., renal cysts, partial
lipodystrophy, maternally inherited deafness, severe insulin resistance in the absence of obesity), and monogenic diabetes prediction model
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General principles for management of blood glucose
in existing type 1 diabetes in an adult
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considered for people aged over 40
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Representative relative attributes of insulin delivery
approaches in people with type 1 diabetes'

Injected insulin regimens

Lower risk of

hypoglycemia

MDI with LAA + RAA or URAA +4+4 EAR AN e
Less-preferred, alternative injected insulin regimens
MDI with NPH + RAA or URAA ++ ++4 ++
MDI with NPH + short-acting (regular) insulin +4+ + +
Two daily injections with NPH + short-acting (regular)
insulin or premixed + + +
Continuous insulin infusion regimens hb(;v;::yizl:n?;
Hybrid closed-loop technology +4++++ +4++++ ++++++
Insulin pump therapy without automation +++ ++4++ ++++

Figure 6—Choices of insulin regimens in people with type 1 diabetes. CGM improves outcomes with injected or infused insulin and is superior to
BGM. Inhaled insulin may be used in place of injectable prandial insulin in the U.S.. *The number of plus signs (+) is an estimate of relative associa-
tion of the regimen with increased flexibility, lower risk of hypoglycemia, and higher costs between the considered regimens. LAA, long-acting insu-
lin analog; RAA, rapid-acting insulin analog; URAA: ultra-rapid-acting insulin analog.

while others do not wish to wear a
device or inject multiple times per day.
In these cases, subcutaneous regimens
of human short-acting (regular) and
NPH insulin or premixed insulin, with
BGM as frequently as feasible, may be
used at a cost of higher glucose variabil-
ity with higher risk of hypoglycemia and
less flexibility of lifestyle. Figure 6 shows
advantages and disadvantages of more-
or less-physiological insulin replacement
regimens, while Table 5 provides details
on various regimens that might be
employed.

Mode of Delivery
There are several options for the mode of
insulin delivery, and the choice of device
should be individualized. Hybrid closed-
loop systems are the most effective
means of maintaining glucose in the nor-
mal range in people with type 1 diabetes
(90,91).

MDI therapy can be administered using
vials and insulin syringes or insulin pens,

ENAOKPINOAOTIA - AIABHTOAQT| ETABOAIZMOZ

with the latter providing more conve-
nience with regard to dosing, but may be
at higher cost. Smaller gauge and shorter
needles provide almost painless injec-
tions. Contrary to common wisdom, skin
thickness is not significantly increased in
individuals who have overweight or obe-
sity. Needles as short as 4 mm, injected at
a 90° angle, enter the subcutaneous
space with minimal risk of intramuscular
injection in most adults (92). The use of
longer needles increases the risk of intra-
muscular injection. MDI regimens may be
enhanced with emerging technology, such
as bolus calculators and memory-enabled
pens that keep track of insulin doses.
Different insulin pumps for subcuta-
neous insulin delivery are available in
many countries. The primary mechanical
differences between pumps are whether
they utilize external tubing to connect to
an infusion set or a pod directly applied
to the skin and controlled via a wireless
connection to a controller. Current pumps
include bolus calculators programmed

evé()

with personalized insulin:carbohydrate
ratio and correction factors.

Hybrid closed-loop systems comprise
an insulin pump, continuous glucose
sensor, and a control algorithm. The
algorithm controls basal insulin delivery
and, in some cases, correction boluses,
based on CGM data, while the user still
boluses manually for meals (90,91).

Some people with type 1 diabetes
are using “do-it-yourself,” user-driven,
open-source artificial insulin delivery
systems, which use commercially avail-
able CGM systems and pumps, with
software algorithms that communicate
with both and can reverse-engineer
the pump control of basal and correc-
tive doses (93). Regulatory bodies do
not allow health care professionals to
prescribe these systems, but health
care professionals should respect an
individual's right to make informed

choices about their care and continue to
offer support to the people using these
systems.
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To povtélo Sev eival TPAyHATIKOG A0OeVAG.

MEPINHYH TON XAPAKTHPIZTIKQN TOY MPOIONTOX

To (pappaKo quto TENE uMO SUMMANPWHATIK TapakoAouBnan. Autd Ba emTpéyel To vpr’]vogo TIPOGBI0PIGHG VEWY TANPO-

(POPILV AOPANEIAC. ZNTE(Tal amd TOUG EMAYYEAUTIEG UYEIAG Va aVapEPOUV OTIOIETONTIOTE MBAVONOYOUHEVEG avemel)p.rl]ﬁc

evEpyelec, B, mapaypapo «AvemBUUNTES EVEPYEIEC Yia TOV TPOTIO avapopds avsmSUgmwv evepyelwv. ONOMAZIA TOY
OAPMAKEYTIKOY MPOIONTOZX Ozempic 0,25 mg, Ozempic 0,5 mg, Ozempic 1 mg evéaipo dIGAUKA OE TPOYEHIGHEVT OUOKEUT
TUnou mévag MOIOTIKH KAI MOXOTIKH ZYNOEXZH Eva ml Siahupatog nsplsg(a 1,34 mg og ag)\ouﬁéncﬁ Ozempic 0,25 mg: Mia
npoysulcuévr\ OUOKEUN TUTTO Trévag MEPIEYEL 2 mg oepayhouTidng* oe 1,5 ml dlaAUpatog. KaBe d6on mepiéxel 0,25 mg osuaviouri-
dn¢ og 0,19 ml SioNvpatog. Ozempic 0,5 m%z Mia npoveplcpévg GUOKEUN TUTTOU TTévaG TEPIEEL 2 mg GepayAouTidnc* oe 1,5 ml Sia-
Noparog. KaBe 56on mepiéxer 0,5 mg oepayRoutidng o 0,37 ml diahupatoc. Ozempic 1 mg: Mia mpoyepiapiévy Guokeur TOmou mévag
mepIéyel 4 mg ogpayhoutionc® ae 3,0 ml SloAvpatog. KaBe doon mepiéyel 1 mg aepayhoutiong oe 0,74 ml StaAvpatog, “avaloyo g
avBpwmvng oppovne «yAukayovopopgo memtidio-1 (GLP-1)» mou mapackeudletal pe xprion g Texvoloyiag avacuvduacpévou
DNA o kuTtapa Saccharomyces cerevisiae. Oepameutiké evdei€erg To Ozempic evSeikvutal yia T Oepameia eviNikwv pe 0aKyapw-
8n Siaprytn Tomou 2 mou Gev eAéyxetal emapkwe oe ouvbuacpd pe diarta kat aoknan - wg povobeparneia dtav n etgoppivn Bewpei-
Tat akataMnAn egartiag Guouvzziuc 1} avTeVOEiEewY « 0€ GLUVSUAOHO pE AT PAPHAKEVTIKA TIPOIOVTa Yiat Tg Bepaeia Tou Stapnn.
QDocoloyia Kai Tpémog xopriynong Aocoloyia H apxikr 6on €ivat 0,25 mg oepayloutidng pia gpopa epdopadiaiwe. Metd amo 4
efdopadec, n 5oon mpéner va au€avetat ota 0,5 mg pia popd eBdopadiaiwe. Metd amd TouhaxioTov 4 efdopddeg pe Soan 0,5 mg
Hia @opd ngouaéluiwc, n 860n pmopei va avénBei o€ 1 mg pia popa eBdopadiaiwg mpokelpévou va PeATiwBei mepartépw o yAukal-
koG ENeyxoc. H agpayhoutidn 0,25 mg dev amotehei 56on ouvtripnong. ERdopadiaieg S6aei¢ peyaliTepec Tou 1 mg S ouvioTwvTal.
‘Otav To Ozempic mpoaTiBetal oe UMApXOUTa aywyr LE umgopuivn 1i/kat BetaloNdIvediovn 1 o€ avacToAéa 2 GUUHETAPOPEQ VaTPI-
0U-yAUKO{NG (SGLT2), n Tpéyouca Soon petpoppivng fi/kat Belalohidivediovng 1y avaoTohéa SGLT2 pmopei va SiampenBei apetdBAn-
0. Otav o Ozempic MpoaTiBeTal € UTIAPXOUGA AYWYI| e GOUAQOVUNOUPIA I} IVGOUAVN, TIPEMEL val eEETATETAL TO EVOENOHEVO HiEiW-
chS NG 860nG TG coulpovuloupiag rj TNG IVGOUAIVNG yia TN Keiwan Tou KivdUvou umoyAukalpiag. Agv givat avaykaia n) autoriapa-
KoAoUBNon Twv emmédwy YAUKGLNG 0TO aipia yia Tn puBpion T 86ong Tou Ozempic. H automapakoholBnan Twv emmedwy yAUKo-
{n¢ oo aipa ivat amapaitnTn yia T pvBpion e §ong e coulpovuloupiag Kat TG Ivaoulivng, eid1kd dTav Eekiva to Ozempic Kat
HEIWVETAL N IVOOUAiVN. ZUVIOTATAL Ma TTPOCEYYION OTABIAKNG peiwang TG vaouNivng. MapdAetyn 66ons Edv mapaheipBei pia 86on,
QUTH TIPETTEL Va XOPNYEITAL TO GUVTOUOTEPO BUVATO Kat EVTOE 5 NuePWV amd TV mapaleipn g doong. EGv éxouv mapeNdet mepiaad-
TEPEG ATO 5 NUEPEG, 1) 660N MPEMEL va TAPaNE(TETAl 0PIOTIKA KAl N EMOEVN 500N VOl XOPNYELTAL KTA TNV TPOYPAMHATIOHEVI NHEPO-
unvia. Ze KaBe mepimTwon, ot aoBeVEiS PmopolV EMENTa Va GUVEXITOUV To GUVNBES TPOYPAupa Xopriynang T piag gopdg eGopadt-
aiwc. Hiikiwpévor Aev amarteitar mpooappoyr g oong fdcet e nAikiac. H Bepameutikn eumeipia oe aobeveic nhikiag >75 €TV
gival meploplopévn. Negpikr) SuoAertoupyia Aev amaiteitat npocapémvr'] ¢ 8d0ng o acbeveic pe ima, pétpla i cofapr VeQpIkn
Guo)\slroupgia. H eunelpia pe  xprion e oepayloutidng oe acbeveic pe ooPapr veppikr) Suolertoupyia eivat mepiopiopévn. H
oepayhoution Se ouviaTaral yia xprion oe aoBeveic pe veppomadeta Tehikov atadiov. Hratiki SuoAermoupyia Aev amarteitat mpoaap-
uoyn tng 660ng o€ aabevei pe nriatikiy Suchertoupyia. H epmelpia pe T xprion e oepayloutiong oe aabeveic pe coBapn nratikn
Suohertoupyia eival meplopiopévn. Mpémel va emEeIKVUETAI TPOGOXT Kata T Xopriynon Bepaneiag pe oepayAouTién o€ autolg Toug
aobeveic. [Naidiatpikds minBuouds H acpaleia Kat amoTENETHATIKOTNTA TNG GEPayAOUTIONG o€ maidid Kat £prBoug nAIKiag KATw Twv.
18 etiv ev £youv aképa Tekunpiwdel. Aev undpyouv Slabéoipa dedopeva. Tpomog yoprynong To Ozempic yopnyeital pia ¢opd
£BSopadiaiwg omoladrinote wpa TG NUEPAC, Ke N xwpic yebpara. To Ozempic xopnyeitat umodopiwg pe éveon aTnv Koid, Tov inpé
1} To avw pépog Tou Bpaxiova. H B€an g éveanc pmopei va aNAagel xwpic mpoaappoyr g 86ong. To Ozempic Sev mpémel va xopn-
yeitai eviopAéPia r evéopuika. H nuépatng sﬁgouaélam: Xopriynong Umopei va aldgel, eqv givai anmapaitnTo, epocov 1o Sidotnpa
o pecolapei petagy Twv duo Sooewv eivar TouhdyioTov 3 ngépsc (>72 wpec). Metd v emoyn véag NEEPAG xopriynong, mpémet va
GUVEXIOTE( TO npéygappa xopn'wcr]( e piag popag EBﬁOECl 1aiwc. Avrevdeigelg Ymepeuaiobnaia ot 6pacTikn ouaia 1y € kamolo
ano ta ékdoya. E1SIKEG mp 1 Kat @UAd Katd tn xprien H oepayloution dev mpémel va xpnotpomoteital o€
aoBeveic pe cakyapwdn Slarm tomou 11 yla éspanzia ™G dlapnTiknc Keto&éwang. H oepayAoution Sev eivat uTokatdoTaTto Tg

Ozempic® - EBSopadiaiog aywviotng umodoxéa
GLP-1 mou cuvbudlel avwTtePN AMOTEAECUATIKOTNTA®
otn peiwon tng HbA1c kat Tou cwpatikov
Bdapouc kat kapdlayyelakd* 6gehog.!>7 82

ANQTEPOZ AMOAEAEITMENO* ANQTEPH
TAYKAIMIKOX KAPAIATTEIAKO KAI AIATHPHZIMH
EAErXQx'>789* 0OENOZ* ANOQAEIA BAPOYZ' 789"

*Ta anoteléapata agopouv To Ozempic’ o OAeC TIG GUYKpITIKEG pehéte SUSTAIN, o1 omoieg mepiehdpBavav
€IKOVIKO QAppaKo, TN ottayMmTivn, T viouhayloutidn, Tnv ¢evatidn ER, tnv vaoulivn glargine U100,
Tnv kavayhiloivn kat T AipayAoutidn." 278

lMa evAAikeg pe oakyapwdn StafriTn TUTTOU 2 TTOU UTIEPIOYVEL N ABNPOCKANPWTIKN
kapdlayyelakn vooog (aobeveic pe Seikteg uPnAou Kivéuvou yla ASCVD Ry
eykateotnuévn ASCVD).!

To Consensus Report twv ADA/EASD 2019 cuviotd Tn Oepansia pe aywvioti
Tou urroSoxéa Tou GLP-1 pe amodedetypévo? kapdiayyetako 6perog®

To Ozempic® (oepayhoutidn) éxel évOelén yia tn Beparmneia evnhikwv e cakxapwdn
S1afrTn TUTOU 2 oL eV EAEYXETAL EMAPKWG O GUVOLACUO He diatta Kat doknon.

Woouhivne. Exel avagepBei Slapniki keto&éwon oe voouhivoetaptwpevous aoBeveic mou mpoxwpnoav oe Taxeia dlakom 1 peiw-
on g 860nG TG vaoulivng kata T évapén Bepaneiag pe aywvioTr umoSoxéa GLP-1. Aev undpﬁa gumelpia o€ aobeVEIS Ue ouppo-
PNTIKN Kapdiakr avemdpkela katnyopiag IV ocupgwva pe Ty ta&ivounon katd NYHA (New York Heart Association) kat emopévag
1 oepayAoution Se cuvioTdtal o€ auToUg Toug acBeveic. Emdpdoeic 0To yaoTpevtepiko H Xpr’]or‘s\aywvmmv Tou umodoxéa GLP-1
UTOPE( VOl CUOKETIOTE PE QVEMBUUNTEG EVEPYEIEC OTO YAOTPEVTEPIKG CUOTNHA. AUTO Tpémel va AdapBavetal umoyn Katd T xopr-
ynon Bepaneiag o€ aobeveic pe emnpeacpevn VE¢§lKﬁ Aerroupyia kaBg n vautig, o €UETOG Kal n O1GpPOLa HMOPEL va TPOKAAE-
oouv agudatwan, n omoia Ba pmopouce va mpokaAéael emOeivwaon TG VEPPIKNG Aeitoupyiag. O&eia maykpeatitda Exel mapatn-
pnBei o&eia maykpeatitida KATa T XProN AyWVIoT®Y Tou umodoxéa GLP-1. Ot acbeveic mpérel va evnpep@vovTal yid Ta XapaKTn-
PIOTIKA cugmu’)pam ¢ oeiag maykpeatitidag. Eav umdpyel umoyia maykpeatitdac, n oepayloutidn mpémel va Stakomtetat. Eav
empPeBaiwbei, n Bepaneia pe oepayhoutidn dev mpémet va ekivioer Eava. Mpémel va divetar mpocoxr) o€ AoBEVEIG e I0TOPIKO
naykpeatitdac. Ymoyhukaipia Ot acBeveic mou Aappavouv oepayhoutidn oe cuvuaopo pe OOU)\(pl)VlB\OUpi(] 1} M€ GOUNivN €V-
déxetat va gyouv auénpévo kivsuvo umoyAukaipiag. O kivéuvog Tng umoyAukaipiag prope va eNattwbei e peiwon e 66ong Tng
Goulgovuloupiag ) TG IVeoUAivng, Katd v evapén Bepaneiag pe oepayloution. Alaﬁmmq/’ ag@l)@hnmgostéondeaa Ye 000e-
V(G e S1aBNTIK ap lﬁ)\ncrgosléondesla mou AapBdvouv Bepareia pe voouhivn Kal aepayAouTion, exet mapatnpnbei auénué-
VOG Kivuvog uvdmu?nc emmAokwv SlapnTikig appiBAnaTpoeidonadelac. Mpémet va mOEIKVUETAl TPOTOXT KATA T Xprion Ogua-
g}xouﬂénc o€ aobeveic pe SlapnTIkn ap(plrb)\nmpozl omabeta mou AapBavouv vaouhivn. Ot acBeveic autol mpémel va mapakolou-

o0vTal 0Tevd kat va AapBdvouv Bepaneia oUppwva pe Tig KAwikéq kateuBuvtrpieg odnyiec. H Taxeia Bektiwon Tou eheyyou Te
YAUKOTNG Xl CUOXETIOTEL pe TipoowpIvi) emdeivwan e dlapnTikig ap@IBAnoTpoeIdondbelag, Opwe dev Pmopouly va amokAel-
0TOUV ANoI Pnxaviopoi. MEPIEKTIKOTNTA € VATPIo To pAppaKo auTo TeptexeL AyoTepo amd 1 mmol vatpiou (23 mg) ava S6on,
Snhadn mpakTika otepeital vatpiov. Ixvnhaaiuotnta Mpokelpévou va Pehtiwei i ixvnAacipoTa Twv BIONOYIKWY POPHAKEUT-
KWV TIPOIOVTWY, To Gvopa Kat 0 apiBudg napn’gu; TOU XOPNYOUHEVOU GapUAKOU TIPEMEL va KaTaypageTal pe oagrivela. lovipdtn-
Ta, KUnon Kat yahouyia Ot yuvaikeg o€ avamapaywyIkr NAIKia GuVIGTATal va xpnotpomolotv avtioUAMnPn Katd T Sidpkela e
Bepameiag pe oepayhoutidn. H oepayloutidn dev mpénet va xpnotporoleital katd tn Sidpkela tne eykupoolvne. H Bepaneia e
oepayAoutidn mpémel va SlaKMTETaL TOUAAXIOTOV 2 priveg TipWV armo pia npogpuupampévn £YKUHOOUVN AOYw TOU pEYAAOU Xpo-
Vou nu(ozlucr}whg H aepayhoutidn Sev mpemel va xpnotpomolEiTal Katd T ldeEl(l Tou BnAacpov. H emidpaon ¢ oepaylourti-
6n¢ otnv avBpwrivn yovipotnta eival ayvwotn. AvemBupunTeg evépyeteg MoAU GuxvEG: YOYAUKaIia 6Tav XpnoIMomolEiTal e
woouhivn 1 coulgovuloupia, vautia, Siappota. TuxvEG: YTOYAUKaIpia 6Tav XpnotpomoleiTal e GAa amd Tou 0Topatog avTidia-
BNtk pappaka, pelwpévn Opetn, (aNn, emmhokéc Santikig au@iBAnatpoeidondbelac, éuetog, kothiakd dhyog, diataon Tng
koiNag, SuokoiNdTnTa, duomeyia, yaoTpiTida, yaoTpooloogayikr maAvEpOUnan, epuyn, PETEWPIOHSE, xohohBiaon, kémwon,
avénpevn Aimdon, avénpévn apuhaon, peiwon owpatikou Bapouc. Ox1 cuxvée: YrepevaloBnaia, duoyeuaia, auénuévog kapdia-
KOG puBuog, ofeia maykpeatitida, avtidpaceig Tg Béang éveang. mavieg: AvagulakTiki avtidpaon. Mn yvwotéc: Ayyelooidnpa
Avagopd mBavoloyoupevwy avemBuunTwy evepyelwy: H avagopd mBavohoyoUupEVwY aVeMBOUNTWY EVEPYEIWV UETA a6 T
Xopnynon adetag KUKAOQopiag TOU GAPHAKEUTIKOU TIPOIOVTOG Elval CNUAVTIKY. EMTpEmel T ouveyr mapakoAoubnon tng oxéong
0P£ENOUC-KIVOUVOU TOU PAPUAKEVTIKOU TTIPOIGVTOG,. ZNTEITal amd TOUG EMayYEAATIES yEiag va avapépouy orrmeugr']nme moavo-
Aoyoupevec avemBUpNTES evépyelec: aTov EBvIKG Opyavioud tDapudevYMzcoyeiwv 284, GR-15562 Xohapyoc, ABnva, Tn: + 30
21 32040380/337, Qac: + 30 21 06549585, lotétomog: http://www.eof.gr), yia v ENada, fj oTic DappakeuTIKeG Ymnpeaie,
Ymoupyeio Yyeiag, CY-1475 Aeukwaia, Tn\: + 357 22608607, Dag: + 357 22608669, lototomoc: www.moh.gov.cy/phs, yia T Ko-
npo. KATOXOZ THZ AAEIAZ KYKAO®OPIAZ Novo Nordisk A/S, Novo Allé, DK-2880 Bagsveerd, Aavia. APIOMOI AAEIAZ KYKNO-
®OPIAX EU/1/17/1251/002-006 HMEPOMHNIA MPQTHE ETKPIZHE THE AAEIAZ 08 Oefpouapiov 2018. HMEPOMHNIA ANA-
OEQPHZHZ TOY KEIMENOY 03/2021. Aentopepeic n)\nﬁoq)op(ec Y10 TO TAPOV QPHAKEUTIKO MPOiov gival Slabéotpieq aTov i
KTUaKO 610 Tou Eupwmaikol Opyaviopot Oapudakwv: http://www.ema.europa.eu. Mepaitépw minpogopieg mepapfavovrat
otnv mirjpn Mepingn XapakmploTtikav Tou Mpoiovtog. AlatiBetar pe 1atpikr ouvtayr. AT 124,31 €.

=Auepikavikil AtaBntoloyiki Etaipeia, =Eupwmaik Etatpeia yia m Mehétn Tou Ao, GLP-1=yAukayovopop@o memtidio-1.
ADAAK | Atantodoyikr E io, EASD=Ei likn E i MeAém tou Awaprin, GLP-1 N 0 {6101
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£t SUSTAIN 6, To Ozempic® peiwoe Tov Kapdiayyelakd Kivouvo (Bavarog amo Kapdiayyelako aitia, un Bavatmeopo éuepaypa puokapdiou 1 un Bavatnedpo eyke@aliko eneladd1o), GUYKPITIKA LE TO EIKOVIKO @APpHAKO ot aoBeveic e SiaBrytn Tumou 2 ot omoiot
n pic’ polayy poLayy: pn NPOPO EUPPAYHA LUOKAPOLOU 1 Uy NPOPO EYKED YKPITIKA L papy i nm

Sierpeyav uypnAd kapdiayyeiakd kivouvo, emmpoobetwg e mpdTunng ppovtidac. Ta amotehéopiata Tne pehetne kapdiayyeiaxic exBaong SUSTAIN 6 Tou Ozempic® Bpiokovtai otnv mapdypago 5.1 e Mepilnyng Xapaktnpiotikav Tou Mpoidvtog (Kapdiayyetakr véooc).

+2e aobevelc e Takyapwén Awaritn Tumou 2 kat uprA6 kapdiayyelako kivéuvo.
#Amodedelypevo kapdiayyelakd 6peAa; onpaivel OTt exel emonpn évOein peiwong Kapdiayyelakwy eneloodiwv.

BiBhoypagia: 1. Ozempic®, MepiAnyn Xapaktnpotikwv Tou Mpoidvrog (03/2021). 2. Pratley RE, Aroda VR, Lingvay |, et al; SUSTAIN 7 Investigators. Semaglutide versus dulaglutide once weekly in patients with type 2 diabetes (SUSTAIN 7): a randomised, open-label,
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Dapagliflozin in Patients
with Chronic Kidney Disease
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ABSTRACT

BACKGROUND
Patients with chronic kidney disease have a high risk of adverse kidney and cardio-
vascular outcomes. The effect of dapagliflozin in patients with chronic kidney
disease, with or without type 2 diabetes, is not known.

METHODS

We randomly assigned 4304 participants with an estimated glomerular filtration
rate (GFR) of 25 to 75 ml per minute per 1.73 m? of body-surface area and a uri-
nary albumin-to-creatinine ratio (with albumin measured in milligrams and cre-
atinine measured in grams) of 200 to 5000 to receive dapagliflozin (10 mg once
daily) or placebo. The primary outcome was a composite of a sustained decline in
the estimated GFR of at least 50%, end-stage kidney disease, or death from renal
or cardiovascular causes.

RESULTS

The independent data monitoring committee recommended stopping the trial
because of efficacy. Over a median of 2.4 years, a primary outcome event occurred
in 197 of 2152 participants (9.2%) in the dapagliflozin group and 312 of 2152 par-
ticipants (14.5%) in the placebo group (hazard ratio, 0.61; 95% confidence interval
[CI], 0.51 to 0.72; P<0.001; number needed to treat to prevent one primary outcome
event, 19 [95% CI, 15 to 27]). The hazard ratio for the composite of a sustained
decline in the estimated GFR of at least 50%, end-stage kidney disease, or death
from renal causes was 0.56 (95% CI, 0.45 to 0.68; P<0.001), and the hazard ratio
for the composite of death from cardiovascular causes or hospitalization for heart
failure was 0.71 (95% CI, 0.55 to 0.92; P=0.009). Death occurred in 101 participants
(4.7%) in the dapagliflozin group and 146 participants (6.8%) in the placebo group
(hazard ratio, 0.69; 95% CI, 0.53 to 0.88; P=0.004). The effects of dapagliflozin
were similar in participants with type 2 diabetes and in those without type 2 dia-
betes. The known safety profile of dapagliflozin was confirmed.

CONCLUSIONS
Among patients with chronic kidney disease, regardless of the presence or absence
of diabetes, the risk of a composite of a sustained decline in the estimated GFR of
at least 50%, end-stage kidney disease, or death from renal or cardiovascular causes
was significantly lower with dapagliflozin than with placebo. (Funded by Astra-
Zeneca; DAPA-CKD ClinicalTrials.gov number, NCT03036150.)
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J. Drozdz, A. Dukdt, J. Ge, J.G. Howlett, T. Katova, M. Kitakaze, C.E.A. Ljungman, B. Merkely, J.C. Nicolau,
E. O’'Meara, M.C. Petrie, P.N. Vinh, M. Schou, S. Tereshchenko, S. Verma, C. Held, D.L. DeMets, K.F. Docherty,
P.S. Jhund, O. Bengtsson, M. Sjéstrand, and A.-M. Langkilde, for the DAPA-HF Trial Committees and Investigators*

ABSTRACT

BACKGROUND

In patients with type 2 diabetes, inhibitors of sodium—glucose cotransporter 2 (SGLT2)
reduce the risk of a first hospitalization for heart failure, possibly through glucose-
independent mechanisms. More data are needed regarding the effects of SGLT2 in-
hibitors in patients with established heart failure and a reduced ejection fraction,
regardless of the presence or absence of type 2 diabetes.

METHODS

In this phase 3, placebo-controlled trial, we randomly assigned 4744 patients with
New York Heart Association class II, III, or IV heart failure and an ejection fraction
of 40% or less to receive either dapagliflozin (at a dose of 10 mg once daily) or pla-
cebo, in addition to recommended therapy. The primary outcome was a composite
of worsening heart failure (hospitalization or an urgent visit resulting in intravenous
therapy for heart failure) or cardiovascular death.

RESULTS

Over a median of 18.2 months, the primary outcome occurred in 386 of 2373 pa-
tients (16.3%) in the dapagliflozin group and in 502 of 2371 patients (21.2%) in
the placebo group (hazard ratio, 0.74; 95% confidence interval [CI], 0.65 to 0.85;
P<0.001). A first worsening heart failure event occurred in 237 patients (10.0%) in
the dapagliflozin group and in 326 patients (13.7%) in the placebo group (hazard
ratio, 0.70; 95% CI, 0.59 to 0.83). Death from cardiovascular causes occurred in
227 patients (9.6%) in the dapagliflozin group and in 273 patients (11.5%) in the
placebo group (hazard ratio, 0.82; 95% CI, 0.69 to 0.98); 276 patients (11.6%) and
329 patients (13.9%), respectively, died from any cause (hazard ratio, 0.83; 95% CI,
0.71 to 0.97). Findings in patients with diabetes were similar to those in patients
without diabetes. The frequency of adverse events related to volume depletion, renal
dysfunction, and hypoglycemia did not differ between treatment groups.

CONCLUSIONS
Among patients with heart failure and a reduced ejection fraction, the risk of wors-
ening heart failure or death from cardiovascular causes was lower among those who
received dapagliflozin than among those who received placebo, regardless of the
presence or absence of diabetes. (Funded by AstraZeneca; DAPA-HF ClinicalTrials
.gov number, NCT03036124.)
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Abstract

The current classification of diabetes, based on hyperglycaemia, islet-directed antibodies and some insufficiently defined
clinical features, does not reflect differences in aetiological mechanisms and in the clinical course of people with
diabetes. This review discusses evidence from recent studies addressing the complexity of diabetes by proposing novel
subgroups (subtypes) of diabetes. The most widely replicated and validated approach identified, in addition to severe
autoimmune diabetes, four subgroups designated severe insulin-deficient diabetes, severe insulin-resistant diabetes, mild
obesity-related diabetes and mild age-related diabetes subgroups. These subgroups display distinct patterns of clinical
features, disease progression and onset of comorbidities and complications, with severe insulin-resistant diabetes show-
ing the highest risk for cardiovascular, kidney and fatty liver diseases. While it has been suggested that people in these
subgroups would benefit from stratified treatments, RCTs are required to assess the clinical utility of any reclassification
effort. Several methodological and practical issues also need further study: the statistical approach used to define
subgroups and derive recommendations for diabetes care; the stability of subgroups over time; the optimal dataset
(e.g. phenotypic vs genotypic) for reclassification; the transethnic generalisability of findings; and the applicability in
clinical routine care. Despite these open questions, the concept of a new classification of diabetes has already allowed
researchers to gain more insight into the colourful picture of diabetes and has stimulated progress in this field so that
precision diabetology may become reality in the future.
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ABSTRACT

BACKGROUND

Sodium—glucose cotransporter 2 inhibitors reduce the risk of hospitalization for
heart failure in patients with heart failure and a reduced ejection fraction, but their
effects in patients with heart failure and a preserved ejection fraction are un-
certain.

METHODS
In this double-blind trial, we randomly assigned 5988 patients with class II-IV
heart failure and an ejection fraction of more than 40% to receive empagliflozin
(10 mg once daily) or placebo, in addition to usual therapy. The primary outcome
was a composite of cardiovascular death or hospitalization for heart failure.

RESULTS

Over a median of 26.2 months, a primary outcome event occurred in 415 of 2997
patients (13.8%) in the empagliflozin group and in 511 of 2991 patients (17.1%) in
the placebo group (hazard ratio, 0.79; 95% confidence interval [CI], 0.69 to 0.90;
P<0.001). This effect was mainly related to a lower risk of hospitalization for heart
failure in the empagliflozin group. The effects of empagliflozin appeared consis-
tent in patients with or without diabetes. The total number of hospitalizations for
heart failure was lower in the empagliflozin group than in the placebo group (407
with empagliflozin and 541 with placebo; hazard ratio, 0.73; 95% CI, 0.61 to 0.88;
P<0.001). Uncomplicated genital and urinary tract infections and hypotension were
reported more frequently with empagliflozin.

CONCLUSIONS
Empagliflozin reduced the combined risk of cardiovascular death or hospitaliza-
tion for heart failure in patients with heart failure and a preserved ejection
fraction, regardless of the presence or absence of diabetes. (Funded by Boeh-
ringer Ingelheim and Eli Lilly; EMPEROR-Preserved ClinicalTrials.gov number,
NCT03057951).
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Effect of Finerenone on Chronic Kidney
Disease Outcomes in Type 2 Diabetes
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ABSTRACT

BACKGROUND
Finerenone, a nonsteroidal, selective mineralocorticoid receptor antagonist, re- The authors’ affiliations are listed

in the

duced albuminuria in short-term trials involving patients with chronic kidney Appendix. Address reprint requests to

. . . . Dr. Bakris at the Department of
dlsea'lse (CKD) and type 2 diabetes. However, its long-term effects on kidney and . ‘university of Chicago, 5841 5.
cardiovascular outcomes are unknown.
at gbakris@gmail.com.

METHODS

Medi-
Mary-

land Ave., MC 1027, Chicago, IL 60637, or

. . . . . . *A complete list of the FIDELIO-DKD in-
In this double-blind trial, we randomly assigned 5734 patients with CKD and type 2 vestigators is provided in the Supplemen-

diabetes in a 1:1 ratio to receive finerenone or placebo. Eligible patients had a  tary Appendix, available at NEJM.

org.

urinary albumin-to-creatinine ratio (with albumin measured in milligrams and = This article was published on October 23,

creatinine measured in grams) of 30 to less than 300, an estimated glomerular 2020, at NE/M.org.
filtration rate (eGFR) of 25 to less than 60 ml per minute per 1.73 m? of body- N engl) Med 2020;383:2219-29.
surface area, and diabetic retinopathy, or they had a urinary albumin-to-creatinine DOI: 10.1056/NEJM0a2025845
ratio of 300 to 5000 and an eGFR of 25 to less than 75 ml per minute per 1.73 m?
All the patients were treated with renin—angiotensin system blockade that had
been adjusted before randomization to the maximum dose on the manufacturer’s
label that did not cause unacceptable side effects. The primary composite outcome,
assessed in a time-to-event analysis, was kidney failure, a sustained decrease of at
least 40% in the eGFR from baseline, or death from renal causes. The key second-
ary composite outcome, also assessed in a time-to-event analysis, was death from
cardiovascular causes, nonfatal myocardial infarction, nonfatal stroke, or hospi-
talization for heart failure.

RESULTS

During a median follow-up of 2.6 years, a primary outcome event occurred in 504
of 2833 patients (17.8%) in the finerenone group and 600 of 2841 patients (21.1%)
in the placebo group (hazard ratio, 0.82; 95% confidence interval [CI], 0.73 to 0.93;
P=0.001). A key secondary outcome event occurred in 367 patients (13.0%) and
420 patients (14.8%) in the respective groups (hazard ratio, 0.86; 95% CI, 0.75 to
0.99; P=0.03). Overall, the frequency of adverse events was similar in the two
groups. The incidence of hyperkalemia-related discontinuation of the trial regimen
was higher with finerenone than with placebo (2.3% and 0.9%, respectively).

CONCLUSIONS
In patients with CKD and type 2 diabetes, treatment with finerenone resulted in
lower risks of CKD progression and cardiovascular events than placebo. (Funded
by Bayer; FIDELIO-DKD ClinicalTrials.gov number, NCT02540993.)
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Finerenone in Predominantly Advanced CKD
and Type 2 Diabetes With or Without Sodium-Glucose
Cotransporter-2 Inhibitor Therapy
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Peter Rossing’?, Gerasimos Filippatos®, Rajiv Agarwal®, Stefan D. Anker®, Bertram Pitt°,
Luis M. Ruilope’®?, Juliana C.N. Chan'%""'?, Adriaan Kooy'*'*"®, Kieran McCafferty'®,
Guntram Schernthaner'”'8, Christoph Wanner'?, Amer Joseph®’, Markus F. Scheerer®’,
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Denmark; *Department of Cardiology, Attikon University Hospital, School of Medicine, National and Kapodistrian University of Athens,
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Introduction: FIDELIO-DKD (FIinerenone in reducing kiDnEy faiLure and disease prOgression in Diabetic
Kidney Disease) investigated the nonsteroidal, selective mineralocorticoid receptor (MR) antagonist finer-
enone in patients with CKD and type 2 diabetes (T2D). This analysis explores the impact of use of sodium-
glucose cotransporter-2 inhibitor (SGLT-2i) on the treatment effect of finerenone.

Methods: Patients (N = 5674) with T2D, urine albumin-to-creatinine ratio (UACR) of 30 to 5000 mg/g and
estimated glomerular filtration rate (eGFR) of 25 to <75 ml/min per 1.73 m? receiving optimized renin-
angiotensin system (RAS) blockade were randomized to finerenone or placebo. Endpoints were change
in UACR and a composite kidney outcome (time to kidney failure, sustained decrease in eGFR =40% from
baseline, or renal death) and key secondary cardiovascular outcomes (time to cardiovascular death, nonfatal
myocardial infarction, nonfatal stroke, or hospitalization for heart failure) (ClinicalTrials.gov, NCT02540993).
Results: Of 5674 patients, 259 (4.6%) received an SGLT-2i at baseline. Reduction in UACR with finerenone
was found with or without use of SGLT-2i at baseline, with ratio of least-squares means of 0.69 (95% Cl =
0.66-0.71) and 0.75 (95% CI -= 0.62-0.90), respectively (Pinteraction = 0.31). Finerenone also significantly
reduced the kidney and key secondary cardiovascular outcomes versus placebo; there was no clear dif-
ference in the results by SGLT-2i use at baseline (Pinteraction = 0.21 and 0.46, respectively) or at any time
during the trial. Safety was balanced with or without SGLT-2i use at baseline, with fewer hyperkalemia
events with finerenone in the SGLT-2i group (8.1% vs. 18.7% without).

Conclusion: UACR improvement was observed with finerenone in patients with CKD and T2D already receiving
SGLT-2is at baseline, and benefits on kidney and cardiovascular outcomes appear consistent irrespective of use
of SGLT-2i.

Kidney Int Rep (2022) 7, 36-45; https://doi.org/10.1016/j.ekir.2021.10.008

KEYWORDS: albuminuria; chronic kidney disease; finerenone; sodium-glucose cotransporter-2 inhibitors; type 2
diabetes

© 2021 International Society of Nephrology. Published by Elsevier Inc. This is an open access article under the CC BY-
NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Effects of Dapagliflozin in Patients With
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Heart Failure
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ABSTRACT

OBJECTIVES The purpose of this paper was to investigate the effects of dapagliflozin in chronic kidney disease (CKD)
patients, with and without heart failure (HF).

BACKGROUND Patients with CKD, with and without type 2 diabetes, were enrolled in the DAPA-CKD (Dapagliflozin
and Prevention of Adverse Outcomes in Chronic Kidney Disease) trial. Some patients had HF at baseline.

METHODS A total of 4,304 participants were randomized to dapagliflozin 10 mg daily or placebo. The primary
composite endpoint was =50% decline in estimated glomerular filtration rate, end-stage kidney disease, or kidney/
cardiovascular death. Secondary endpoints were a kidney composite (primary endpoint minus cardiovascular death), the
composite of cardiovascular death/HF hospitalization, and all-cause death. Analysis of outcomes according to HF history
was prespecified.

RESULTS HF patients (n = 468; 11%) were older and had more coronary disease, atrial fibrillation, and type 2 diabetes.
Mean estimated glomerular filtration rate was similar in patients with and without HF. Rates of HF hospitalization/car-
diovascular death and death from any cause were higher in HF patients, but the secondary kidney failure outcome
occurred at the same rate in people with and without HF. Dapagliflozin reduced the risk of the primary outcome equally in
patients with HF (HR: 0.58 [95% Cl: 0.37-0.91]) and without HF (HR: 0.62 [95% Cl: 0.51-0.75]) (P interaction = 0.59).
The proportional risk-reductions were similar in patients with and without HF for the cardiovascular death/HF hospi-
talization composite (HR: 0.68 [95% Cl: 0.44-1.05] vs HR: 0.70 [95% Cl: 0.51-0.97], respectively; P interaction = 0.90),
and all-cause death (HR: 0.56 [95% Cl: 0.34-0.93] vs HR: 0.73 [95% Cl: 0.54-0.97], respectively; P interaction = 0.39),
although absolute risk reductions were larger in HF patients. Adverse event rates were low and did not differ among
patients with or without HF.

CONCLUSIONS Dapagliflozin reduced the risk of kidney failure and cardiovascular death/HF hospitalization and
prolonged survival in CKD patients with or without type 2 diabetes, independently of history of HF. (A Study to Evaluate
the Effect of Dapagliflozin on Renal Outcomes and Cardiovascular Mortality in Patients With Chronic Kidney Disease
[DAPA-CKD]; NCT03036150) (J Am Coll Cardiol HF 2021;m:m-m) © 2021 The Authors. Published by Elsevier on behalf
of the American College of Cardiology Foundation. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
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Articles

Efficacy and safety of once-weekly semaglutide 2.0 mg
versus 1-0 mg in patients with type 2 diabetes (SUSTAIN
FORTE): a double-blind, randomised, phase 3B trial

Juan P Frias, Pernille Auerbach, Harpreet S Bajaj, Yasushi Fukushima, lldiko Lingvay, Stanislava Macura, Anette L Sendergaard,
Tsvetalina | Tankova, Nikolaos Tentolouris, John B Buse

Summary

Background Semaglutide is an effective treatment for type 2 diabetes; however, 20-30% of patients given semaglutide
1-0 mg do not reach glycaemic treatment goals. We aimed to investigate the efficacy and safety of once-weekly
semaglutide 2-0 mg versus 1-0 mg in adults with inadequately controlled type 2 diabetes on a stable dose of metformin
with or without a sulfonylurea.

Methods We did a 40-week, randomised, active-controlled, parallel-group, double-blind, phase 3B trial (SUSTAIN
FORTE) at 125 outpatient clinics in ten countries. Participants (=18 years) with inadequately controlled type 2 diabetes
(HbA,  8-0-10-0%) with metformin and with or without sulfonylurea were randomly assigned (1:1) by an interactive
web-response system to 2-0 mg or 1-0 mg once-weekly semaglutide. Participants, site personnel, the clinical study
group, and investigators were masked to the randomised treatment. Outcomes included change from baseline at
week 40 in HbA,_ (primary outcome) and bodyweight (secondary confirmatory outcome), evaluated through trial product
estimand (no treatment discontinuation or without rescue medication) and treatment policy estimand (regardless of
treatment discontinuation or rescue medication) strategies. This study is registered with ClinicalTrials.gov,
NCT03989232; EudraCT, 2018-004529-96; and WHO, U1111-1224-5162.

Findings Between June 19 and Nov 28, 2019, of 1515 adults assessed for eligibility, 961 participants (mean age
58-0 years [SD 10-0]; 398 [41%] women) were included. Participants were randomly assigned to once-weekly
semaglutide 2-0 mg (n=480 [50%]) or 1-0 mg (n=481 [50%]); 462 (96%) patients in the semaglutide 2-0 mg group and
471 (98%) in the semaglutide 1-0 mg group completed the trial. Mean baseline HbA, was 8-9%
(SD 0-6; 73-3 mmol/mol [SD 6-9]) and BMI was 34-6 kg/m2 (SD 7-0). Mean change in HbA, from baseline at
week 40 was —2-2 percentage points with semaglutide 2-0 mg and -1-9 percentage points with semaglutide 1-0 mg
(estimated treatment difference [ETD] -0-23 percentage points [95% CI —0-36 to —0-11]; p=0-0003; trial product
estimand) and -2 1 percentage points with semaglutide 2-0 mg and —1-9 percentage points with semaglutide 1-0 mg
(ETD -0-18 percentage points [-0-31 to —0-04]; p=0-0098; treatment policy estimand). Mean change in bodyweight
from baseline at week 40 was —6-9 kg with semaglutide 2-0 mg and —6- 0 kg with semaglutide 1-0 mg (ETD -0-93 kg
[95% CI -1-68 to —0-18]; p=0-015; trial product estimand) and —6-4 kg with semaglutide 2-0 mg and -5-6 kg with
semaglutide 1-0 mg (ETD -0-77 kg [-1-55 to 0-01]; p=0-054; treatment policy estimand). Gastrointestinal disorders
were the most commonly reported adverse events (163 [34%)] in the 2-0 mg group and 148 [31%] in the 1-0 mg group).
Serious adverse events were similar between treatment groups, reported for 21 (4%) participants given semaglutide
2-0 mg and 25 (5%) participants given semaglutide 1-0 mg. Three deaths were reported during the trial (one in the
semaglutide 1-0 mg group and two in the semaglutide 2-0 mg group).

Interpretation Semaglutide 2-0 mg was superior to 1-0 mg in reducing HbA,, with additional bodyweight loss and a
similar safety profile. This higher dose provides a treatment intensification option for patients with type 2 diabetes
treated with semaglutide in need of additional glycaemic control.

Funding Novo Nordisk.
Copyright © 2021 Elsevier Ltd. All rights reserved.

Introduction between the available GLP-1 receptor agonists,
GLP-1 receptor agonists are an established treatment differences exist in the efficacy profile within the class
option for type 2 diabetes, providing effective glycaemic regarding improvements in glycaemia and bodyweight
lowering by stimulating insulin secretion and inhibiting and cardiovascular risk reduction.'”

the release of glucagon in a glucose-dependent manner.** Once-weekly subcutaneous semaglutide, a GLP-1
They also decrease bodyweight by reducing appetite receptor agonist, is available for the treatment of type 2
and food intake."”” Owing to structural differences diabetes in two doses: 0-5 mg and 1-0 mg.** The efficacy

www.thelancet.com/diabetes-endocrinology Published online July 19,2021 https://doi.org/10.1016/52213-8587(21)00174-1

ENAOKPINOAOTIA = AIABHTOAQT IA - METABOAIEMOE €V8 )

+

CrossMark

Lancet Diabetes Endocrinol 2021

Published Online

July 19,2021
https://doi.org/10.1016/
$2213-8587(21)00174-1

See Online/Comment
https://doi.org/10.1016/
$2213-8587(21)00205-9

Clinical Research, National
Research Institute, Los Angeles,
CA, USA (J P Frias MD); Novo
Nordisk, Seborg, Denmark

(P Auerbach MD, S Macura MD,
AL Sendergaard PhD); LMC
Diabetes and Endocrinology,
Brampton, ON, Canada

(H S Bajaj MD); Fukuwa Clinic,
Tokyo, Japan (Y Fukushima MD);
Department of Internal
Medicine/Endocrinology

(I Lingvay MD) and Department
of Population and Data
Sciences (I Lingvay), University
of Texas Southwestern Medical
Center, Dallas, TX, USA;
Department of Endocrinology,
Medical University of Sofia,
Sofia, Bulgaria

(T I Tankova MD); Diabetes
Centre, First Department of
Propaedeutic Internal
Medicine, Medical School,
National and Kapodistrian
University of Athens, Laiko
General Hospital, Athens,
Greece (N Tentolouris MD);
Department of Medicine,
University of North Carolina
School of Medicine, Chapel Hill,
NC, USA (J B Buse MD)

Correspondence to:

DrJuan P Frias, Clinical Research,
National Research Institute,

Los Angeles, CA 90057, USA
juan.frias@nritrials.com




MH INZOYAINO-EZAPTQMENOS. SAXAPQAHE AIABHTHS | NIKOAAOS TENTOAOYPHE

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Sotagliflozin in Patients with Diabetes
and Chronic Kidney Disease

Deepak L. Bhatt, M.D., M.P.H., Michael Szarek, Ph.D., Bertram Pitt, M.D.,
Christopher P. Cannon, M.D., Lawrence A. Leiter, M.D.,

Darren K. McGuire, M.D., M.H.Sc., Julia B. Lewis, M.D., Matthew C. Riddle, M.D.,
Silvio E. Inzucchi, M.D., Mikhail N. Kosiborod, M.D., David Z.I. Cherney, M.D., Ph.D.,
Jamie P. Dwyer, M.D., Benjamin M. Scirica, M.D., M.P.H., Clifford J. Bailey, Ph.D.,
Rafael Diaz, M.D., Kausik K. Ray, M.D., Jacob A. Udell, M.D., M.P.H.,
Renato D. Lopes, M.D., Ph.D., Pablo Lapuerta, M.D., and P. Gabriel Steg, M.D.,
for the SCORED Investigators*

ABSTRACT

BACKGROUND

The efficacy and safety of sodium—glucose cotransporter 2 inhibitors such as so-
tagliflozin in preventing cardiovascular events in patients with diabetes with chronic
kidney disease with or without albuminuria have not been well studied.

METHODS

We conducted a multicenter, double-blind trial in which patients with type 2 dia-
betes mellitus (glycated hemoglobin level, >7%), chronic kidney disease (estimated
glomerular filtration rate, 25 to 60 ml per minute per 1.73 m? of body-surface
area), and risks for cardiovascular disease were randomly assigned in a 1:1 ratio
to receive sotagliflozin or placebo. The primary end point was changed during the
trial to the composite of the total number of deaths from cardiovascular causes,
hospitalizations for heart failure, and urgent visits for heart failure. The trial
ended early owing to loss of funding.

RESULTS

Of 19,188 patients screened, 10,584 were enrolled, with 5292 assigned to the
sotagliflozin group and 5292 assigned to the placebo group, and followed for a
median of 16 months. The rate of primary end-point events was 5.6 events per 100
patient-years in the sotagliflozin group and 7.5 events per 100 patient-years in the
placebo group (hazard ratio, 0.74; 95% confidence interval [CI], 0.63 to 0.88;
P<0.001). The rate of deaths from cardiovascular causes per 100 patient-years was
2.2 with sotagliflozin and 2.4 with placebo (hazard ratio, 0.90; 95% CI, 0.73 to 1.12;
P=0.35). For the original coprimary end point of the first occurrence of death
from cardiovascular causes, nonfatal myocardial infarction, or nonfatal stroke, the
hazard ratio was 0.84 (95% CI, 0.72 to 0.99); for the original coprimary end point
of the first occurrence of death from cardiovascular causes or hospitalization for
heart failure, the hazard ratio was 0.77 (95% CI, 0.66 to 0.91). Diarrhea, genital
mycotic infections, volume depletion, and diabetic ketoacidosis were more common
with sotagliflozin than with placebo.

CONCLUSIONS

In patients with diabetes and chronic kidney disease, with or without albuminuria,
sotagliflozin resulted in a lower risk of the composite of deaths from cardiovas-
cular causes, hospitalizations for heart failure, and urgent visits for heart failure
than placebo but was associated with adverse events. (Funded by Sanofi and Lexicon
Pharmaceuticals; SCORED ClinicalTrials.gov number, NCT03315143.)

N ENGL ) MED NEJM.ORG

The New England Journal of Medicine

Copyright © 2020 Massachusetts Medical Society. All rights reserved.

ENAOKPINOAOTIA = AIABHTOAQI'IA - METABOAIZMOZ €V6 ) 21

The authors' affiliations are listed in the
Appendix. Address reprint requests to
Dr. Bhatt at Brigham and Women’s Hos-
pital Heart and Vascular Center, Harvard
Medical School, 75 Francis St., Boston, MA
02115, or at dibhattmd@post.harvard.edu.

*A complete list of the SCORED trial inves-
tigators is provided in the Supplementary
Appendix, available at NEJM.org.

This article was published on November
16, 2020, at NEJM.org.

DOI: 10.1056/NEJM0a2030186
Copyright © 2020 Massachusetts Medical Society.

Downloaded from nejm.org at SAN FRANCISCO STATE UNIV /J PAUL LEONARD LIB on November 16, 2020. For personal use only. No other uses without permission.

MH INZOYAINO-EZAPTQMENOS. SAXAPQAHE AIABHTHE | NIKOAAOE TENTOAOYPHSE

The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Liraglutide in Children and Adolescents
with Type 2 Diabetes

William V. Tamborlane, M.D., Margarita Barrientos-Pérez, M.M.S.C.I.,
Udi Fainberg, M.D., Helle Frimer-Larsen, M.Sc., Mona Hafez, M.D.,
Paula M. Hale, M.D., Muhammad Y. Jalaludin, M.D., Margarita Kovarenko, M.D.,
Ingrid Libman, M.D., Jane L. Lynch, M.D., Paturi Rao, Ph.D.,
Naim Shehadeh, M.D., Serap Turan, M.D., Daniel Weghuber, M.D.,
and Timothy Barrett, Ph.D., for the Ellipse Trial Investigators*

ABSTRACT

BACKGROUND

Metformin is the regulatory-approved treatment of choice for most youth with type 2
diabetes early in the disease. However, early loss of glycemic control has been observed
with metformin monotherapy. Whether liraglutide added to metformin (with or without
basal insulin treatment) is safe and effective in youth with type 2 diabetes is unknown.

METHODS

Patients who were 10 to less than 17 years of age were randomly assigned, in a 1:1
ratio, to receive subcutaneous liraglutide (up to 1.8 mg per day) or placebo for a 26-
week double-blind period, followed by a 26-week open-label extension period. Inclu-
sion criteria were a body-mass index greater than the 85th percentile and a glycated
hemoglobin level between 7.0 and 11.0% if the patients were being treated with diet
and exercise alone or between 6.5 and 11.0% if they were being treated with metformin
(with or without insulin). All the patients received metformin during the trial. The
primary end point was the change from baseline in the glycated hemoglobin level after
26 weeks. Secondary end points included the change in fasting plasma glucose level.
Safety was assessed throughout the course of the trial.

RESULTS
Of 135 patients who underwent randomization, 134 received at least one dose of lira-
glutide (66 patients) or placebo (68 patients). Demographic characteristics were similar
in the two groups (mean age, 14.6 years). At the 26-week analysis of the primary ef-
ficacy end point, the mean glycated hemoglobin level had decreased by 0.64 percentage
points with liraglutide and increased by 0.42 percentage points with placebo, for an
estimated treatment difference of —1.06 percentage points (P<0.001); the difference
increased to —1.30 percentage points by 52 weeks. The fasting plasma glucose level had
decreased at both time points in the liraglutide group but had increased in the placebo
group. The number of patients who reported adverse events was similar in the two
groups (56 [84.8%)] with liraglutide and 55 [80.9%] with placebo), but the overall rates
of adverse events and gastrointestinal adverse events were higher with liraglutide.

CONCLUSIONS
In children and adolescents with type 2 diabetes, liraglutide, at a dose of up to 1.8 mg
per day (added to metformin, with or without basal insulin), was efficacious in improving
glycemic control over 52 weeks. This efficacy came at the cost of an increased fre-
quency of gastrointestinal adverse events. (Funded by Novo Nordisk; Ellipse ClinicalTrials
.gov number, NCT01541215.)
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ABSTRACT

BACKGROUND
Observational studies support an association between a low blood 25-hydroxyvitamin
D level and the risk of type 2 diabetes. However, whether vitamin D supplementation
lowers the risk of diabetes is unknown.

METHODS
We randomly assigned adults who met at least two of three glycemic criteria for pre-
diabetes (fasting plasma glucose level, 100 to 125 mg per deciliter; plasma glucose
level 2 hours after a 75-g oral glucose load, 140 to 199 mg per deciliter; and glycated
hemoglobin level, 5.7 to 6.4%) and no diagnostic criteria for diabetes to receive 4000 IU
per day of vitamin D, or placebo, regardless of the baseline serum 25-hydroxyvitamin
D level. The primary outcome in this time-to-event analysis was new-onset diabetes,
and the trial design was event-driven, with a target number of diabetes events of 508.

RESULTS

A total of 2423 participants underwent randomization (1211 to the vitamin D group and
1212 to the placebo group). By month 24, the mean serum 25-hydroxyvitamin D level in
the vitamin D group was 54.3 ng per milliliter (from 27.7 ng per milliliter at baseline),
as compared with 28.8 ng per milliliter in the placebo group (from 28.2 ng per milliliter
at baseline). After a median follow-up of 2.5 years, the primary outcome of diabetes oc-
curred in 293 participants in the vitamin D group and 323 in the placebo group (9.39
and 10.66 events per 100 person-years, respectively). The hazard ratio for vitamin D as
compared with placebo was 0.88 (95% confidence interval, 0.75 to 1.04; P=0.12). The
incidence of adverse events did not differ significantly between the two groups.

CONCLUSIONS
Among persons at high risk for type 2 diabetes not selected for vitamin D insuffi-
ciency, vitamin D, supplementation at a dose of 4000 IU per day did not result in a
significantly lower risk of diabetes than placebo. (Funded by the National Institute of
Diabetes and Digestive and Kidney Diseases and others; D2d ClinicalTrials.gov number,
NCT01942694.)
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ABSTRACT

BACKGROUND
The cardiovascular effects of ertugliflozin, an inhibitor of sodium-glucose co-
transporter 2, have not been established.

METHODS

In a multicenter, double-blind trial, we randomly assigned patients with type 2 dia-
betes and atherosclerotic cardiovascular disease to receive 5 mg or 15 mg of ertug-
liflozin or placebo once daily. With the data from the two ertugliflozin dose
groups pooled for analysis, the primary objective was to show the noninferiority of
ertugliflozin to placebo with respect to the primary outcome, major adverse cardio-
vascular events (a composite of death from cardiovascular causes, nonfatal myo-
cardial infarction, or nonfatal stroke). The noninferiority margin was 1.3 (upper
boundary of a 95.6% confidence interval for the hazard ratio [ertugliflozin vs. pla-
cebo] for major adverse cardiovascular events). The first key secondary outcome was
a composite of death from cardiovascular causes or hospitalization for heart failure.

RESULTS

A total of 8246 patients underwent randomization and were followed for a mean
of 3.5 years. Among 8238 patients who received at least one dose of ertugliflozin
or placebo, a major adverse cardiovascular event occurred in 653 of 5493 patients
(11.9%) in the ertugliflozin group and in 327 of 2745 patients (11.9%) in the pla-
cebo group (hazard ratio, 0.97; 95.6% confidence interval [CI], 0.85 to 1.11;
P<0.001 for noninferiority). Death from cardiovascular causes or hospitalization
for heart failure occurred in 444 of 5499 patients (8.1%) in the ertugliflozin group
and in 250 of 2747 patients (9.1%) in the placebo group (hazard ratio, 0.88; 95.8% CI,
0.75 to 1.03; P=0.11 for superiority). The hazard ratio for death from cardiovascu-
lar causes was 0.92 (95.8% CI, 0.77 to 1.11), and the hazard ratio for death from
renal causes, renal replacement therapy, or doubling of the serum creatinine level
was 0.81 (95.8% CI, 0.63 to 1.04). Amputations were performed in 54 patients (2.0%)
who received the 5-mg dose of ertugliflozin and in 57 patients (2.1%) who received
the 15-mg dose, as compared with 45 patients (1.6%) who received placebo.

CONCLUSIONS
Among patients with type 2 diabetes and atherosclerotic cardiovascular disease,
ertugliflozin was noninferior to placebo with respect to major adverse cardiovascular
events. (Funded by Merck Sharp & Dohme and Pfizer; VERTIS CV ClinicalTrials.gov
number, NCT01986881.)

N ENGL J MED 383;15 NEJM.ORG OCTOBER 8, 2020
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Applying Sports Nutrition Research for Enhancing Public Health
Dan Benardot, PhD, DHC, RD, LD, FACSM
Professor of Practice, Center for the Study of Human Health, Emory University, USA
Professor of Nutrition, Emeritus, Georgia State University, USA

Presentation:

This presentation has 7 sections, including the introduction, information related to ‘weight’ assessment,
issues related to the assessment of the energy cost of activity, the misperception of labeling certain
foods as ‘perfect’, the multiple dietary factors associated with hyperinsulinemia, the misuse of nutrient
supplements, and issues related to within-day energy balance. The section abstracts and associated
references are listed below.

Introduction Abstract

The introduction establishes the relationship between sports nutrition research and how it can be
applied for enhancing public health, while it points out the many nutritional myths that have been in the
public sphere for both athletes and the public at large. It also points out the common nutritional failures
for both athletes and the general public, including a failure to provide energy and nutrients in a way that
they can be optimally used by tissues, and a tendency to excessively emphasize some fuels as more
critical for both performance and health than others. Protein, for instance, tends to be emphasized over
carbohydrates, but neither athletes nor the general public have an appropriate understanding of how
much should be consumed, and how to best consume it to achieve the optimal anabolic effect.
Importantly, the well-established problems associated with achieving an optimal nutritional state in
athletes mirror the common problems observed in the general public. Of particular concern is that the
many nutritional misunderstandings about nutrition tend to elevate obesity risk and associated
cardiometabolic disorders. This is largely due to a failure to consume foods/beverages in a way that
dynamically satisfies tissue requirements for nutrients, even if the total daily intake of nutrients appears
adequate.

Introduction References

e Budgett R. Nutrition working group of the Medical and Scientific Commission of the International
Olympic Committee. International Olympic Committee Consensus Conference: Nutrition for Athletes
— A practical guide to eating for health and performance. |IOC: Revised and Updated June 2016.
Davis M, Alderson NL, and Welsh RS. Serotonin and central nervous system fatigue: nutritional
considerations. American Journal of Clinical Nutrition. 2000; 72(2): 573s-578s.

Kleisiaris CF, Sfakianakis C, and Papathanasiou IV. Health care practices in ancient Greece: The
Hippocratic ideal. Journal of Medical Ethics and History of Medicine 2014; 7(6): 1-5

Reale R, Slater G, and Burke LM. Individualized dietary strategies for Olympic combat sports: Acute
nutrition for weight loss, recovery, and competition. European Journal of Sport Science 2017; 17(6):
727-740

Shan Sell. Eating was no idle game in ancient Greece. USA Today. 07347456, Aug 13, 2006.

Sherman H, Genzer Y, Gohen R, Chapnik N, Madar Z, and Froy O. Timed high-fat diet resets circadian
metabolism and prevents obesity. The FASEB Journal. 2012; 26: 3493-3502.

Skinner AC, Steiner MJ, and Perrin EM. Self-Reported Energy Intake by Age in Overweight and
Healthy-Weight Children in NHANES, 2001-2008. Pediatrics. 2012; 130 (4): e936—e942.
10.1542/peds.2012-0605

Van Hook J, Altman CE. Competitive Food Sales in Schools and Childhood Obesity: A Longitudinal
Study. Sociology of Education. 2012;85(1):23-39. d0i:10.1177/0038040711417011
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Issues of ‘Weight’ Abstract

One of the major failures observed in both athletes and non-athletes is the use of body mass (i.e.,

weight) as a primary indicator of well-being. Doing so fails to discriminate between the status of lean

mass vs. fat mass, or to determine how these mass components have changed. In addition, the
terminology used for labeling individuals as ‘obese’ or ‘overweight’ via the weight:height index (BMl),
can be misleading as the term ‘obese’ refers to having too much body fat, while neither ‘weight’ nor

‘BMI’ make a direct determination of body fatness. Athletes are encouraged to increase musculature to

enhance their strength:weight ratio, and the resulting elevated musculature per unit height often

inappropriately may place them in an ‘obese’ category using ‘BMI’. In non-athlete children, the low
sensitivity to detecting excess body fatness fails to identify over 25% of children who are obese because
of their normal weight:height ratio. There is also a common belief that only consuming excess food will
make you fat, but data clearly indicate that individuals who diet (i.e., consume a lower caloric intake
than they are accustomed to) to lose weight become more fat because of the excess catabolism of fat-
free mass. In addition, once adaptive thermogenesis occurs several months following the ‘diet’, there is

a faster rate of fat recovery relative to fat-free mass recovery, resulting in the same ‘weight’ the

individual had prior to the ‘diet’, but a weight that is constituted of more fat mass and lower lean mass.

This weight rebound is associated with greater risk of both cardiovascular and renal diseases. Athletes in

subjectively scored appearance sports (i.e., diving, gymnastics, figure skating, etc.) are very weight

conscious, and are predisposed to ‘dieting’ if they are told they need to lose ‘weight’. This inevitable
weight cycling may predispose them to increased risk for eating disorders and low bone mineral density
that places them at high fracture risk. The common recommendation, therefore, to eat less and exercise
more may make matters worse for whoever follows this strategy for achieving the desired weight.

Issues of ‘Weight’ References

e Benardot D & Thompson W. Energy from food for physical activity: Enough and on time. ACSM
Health and Fitness Journal 1999; 3(4): 14-18

e Duloo AG, and Montani JP. Pathways from dieting to weight regain, to obesity and to the metabolic
syndrome: an overview. Obesity Reviews. 2015: 16(suppl 1): 1-6. https://doi.org/10.1111/0br.12250

e JavedE, Jumean M, Murad MH, Okorodudu D, Kumar S, Somers VK, Sochor O, and Lopez-Jimenez F.
Diagnostic performance of body mass index to identify obesity as defined by body adiposity in
children and adolescents: a systematic review and meta-analysis. 2015; 10(3): 234-244.

e Montani JP, Schutz Y, and Duloo AG. Dieting and weight cycling as risk factors for Cardiometabolic
diseases: who is really at risk? Obesity Reviews. 2015; 16 (Suppl 1): 7-18.

e Mridha S, and Barman P. Comparison of height-weight matched young-adult female athletes and
non-athletes in selected anthropometric measurements. International Journal of Science and
Research. 2014;3(1):265-268.

e Ochner CN, Tsai AG, Kushner RF, and Wadden TA. Treating obesity seriously: when
recommendations for lifestyle change confront biological adaptations. The Lancet Diabetes &
Endocrinology Journal. 2015; 3(4): 232-234. DOI: http://dx.doi.org/10.1016/52213-8587(15)00009-1

e Svetkey LP, Stevens VJ, Brantley PJ, et al. Comparison of Strategies for Sustaining Weight Loss: The
Weight Loss Maintenance Randomized Controlled Trial. Journal of the American Medical
Association. 2008;299(10):1139-1148. doi:10.1001/jama.299.10.1139

Energy Cost of Exercise Abstract

One of the difficulties for determining how much food (i.e., how many calories) an individual should
consume is extremely difficult to determine because the greater the exercise the more individuals find a
way to burn less energy to do the exercise. This improved energy efficiency is likely a genetic survival
mechanism that treats energy/food as precious. Regular physical activity improves oxygen delivery and
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greater exercise efficiency, making it difficult to calculate energy utilization via standard means and

increasing the risk that the determined value is inaccurate.

Energy Cost of Exercise References

e Bangsbo J. Physiological factors associated with efficiency in high intensity exercise. Journal of
Sports Medicine 1996; 22:299 do0i:10.2165/00007256-199622050-00003

e Banks L, Thompson S, and Lewis EJH. Efficiency of energy transfer during exercise: What are the
limiting factors? Journal of Physiology 2015; 593: 2113-2114

e Broskey NT, Boss A, Fares E-J, Greggio C, Gremion G, Schllter L, Hans D, Kreis R, Boesch C, and
Amati F. Exercise efficiency relates with mitochondrial content and function in older adults.
Physiological Reports 2015;3:(e12418) DOI: 10.14814/phy2.12418

e Morgan W, Martin PW, Krahenbuhl GS. Factors affecting running economy. Sports Medicine 1989; 7:
310-30

Misperception of ‘Perfect Food’ Abstract

It is common for both athletes and non-athletes to think of certain foods as ‘perfect’, resulting in their

overconsumption. The excessive emphasis on a single food inevitably results in the inadequate

consumption of other foods, with malnutrition as the inevitable outcome. Consider, for instance, that it

is common for people to eat the same breakfast virtually every morning. This has two problems

associated with it, including a failure to expose tissues with all the nutrients they require and failing to

avoid excess tissue exposure to a potentially toxic substance contained in the regularly consumed foods.

One strategy for assuring better nutrient exposure is to vary the colors of foods consumed, as each

different color is associated with different nutrients/phytonutrients.

Misperception of ‘Perfect Food’ References

e Guyonnet S, and Rolland Y. Screening for malnutrition in older people. Clinics in Geriatric Medicine.
2015; 31(3): 429-437. https://doi.org/10.1016/j.cger.2015.04.009

e Murray E, and Manary M. Possible role of the microbiome in the development of acute malnutrition
and implications for food-based strategies to prevent and treat acute malnutrition. Food and
Nutrition Bulletin 2015; 36(1): S72-575

e Schaeffer J. Color me healthy - eating for a rainbow of benefits: The color wheel of foods &
phytochemicals by Dr. David Heber. Today’s Dietitian. 2008; 10(11): 34-36.

Sugar Intake and Food Patterns Associated with Hyperinsulinemia Abstract

Many athletes are resistant to consuming sports beverages because they contain sugar and are fearful
that the sugar will elevate their body fat level. Athletes should be trained to understand that sugar-
containing sports beverages are intended to be consumed in small amounts during physical activity to
avoid thirst, rather than waiting for thirst to occur followed by a large consumption of sports beverage
all at once. While it is true that a high bolus of sugar consumption of sugar has a hyperinsulinemic effect
that is likely to elevate body fatness, it is also true that there are other important factors that are
associated with hyperinsulinemia. For instance, waiting too long to eat may result in low blood sugar
and eating in a low blood sugar state results in hyperinsulinemia, regardless of what foods are
consumed. Also, the appetite stimulating hormone ghrelin is only turned off with a normoinsulinemic
response to eating, resulting in a sustained appetite that causes individuals to eat too much in a meal.
Insulin is also elevated exponentially to the caloric load of the meal, so allowing low blood sugar to occur
inevitably results in fat elevating hyperinsulinemia.
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Sugar Intake and Food Patterns Associated with Hyperinsulinemia References

e Bertelsen J, Christiansen C, Thomsen C, Poulsen PL, Vestergaard S, Steinov A, Rasmussen LH,
Rasmussen O, and Hermansen K. Effect of meal frequency on blood glucose, insulin, and free fatty
acids in NIDDM subjects. Diabetes Care, 1993; 16(1): 4-7. https://doi.org/10.2337/diacare.16.1.4

e Blom WAM, Stafleu A, de Graaf C, Kok FJ, Schaafsma G, and Hendriks HFJ. Ghrelin response to
carbohydrate-enriched breakfast is related to insulin. American Journal of Clinical Nutrition, 2005;
81(2): 367-375. https://doi.org/10.1093/ajcn.81.2.367

e Fogteloo AJ, Pijl H, Roelfsema F, Frélich M, and Meinders AE. Impact of meal timing and frequency
on the twenty-four-hour leptin rhythm. Hormone Research in Pediatrics, 2004; 62: 71-78.
https://doi.org/10.1159/000079326

e Hawley JA, & Burke LM. Effect of meal frequency and timing on physical performance. British
Journal of Nutrition 1997; 77(S1):591-5103. D0i:10.1079/BJN19970107

e Leibel RL, Rosenbaum M, and Hirsch J. Changes in energy expenditure resulting from altered body
weight. New England Journal of Medicine. 1995; 9:332(10): 621-628. DOI:
10.1056/NEJM199503093321001

Nutrient Supplement Issues Abstract

Nutrient supplements are common in both athlete and non-athlete populations. Studies now clearly

indicate that both athletes and the general public would do better with a lower reliance on supplements

and higher reliance of food to obtain needed nutrients. Studies of athletes have found that a significant
proportion of supplements targeting this population contain illegal substances not listed on the label. In
addition, the level of nutrient content of many supplements far exceeds tissue capability to absorb it,
with repeating daily intakes resulting in decreased tissue uptake. A study monitoring dietary
supplements and mortality rate in older women found a higher mortality risk for all supplements

(multivitamins, vitamin B6, iron, folate, zinc...) with only calcium supplementation demonstrating a

lower mortality risk for this population. Studies of folate have found that there is a completely different

mortality risk related to how folate intake is distributed during the day. For instance, individuals who
consume the recommended daily intake (400 mcg) in a single dose are likely to have elevated cancer
risk, while those who consume the same amount distributed during the day in four 100 mcg doses have
lower cancer risk.

Nutrient Supplement Issues References

e Desbrow B, McCormack J, Burke LM, Cox GR, Fallon K, Hislop M, Logan R, Nello M, Sawyer SM, Shaw
G, Star A, Vidgen H, and Leveritt M. Sports Dietitians of Australia Position Statement: Sports
Nutrition for the Adolescent Athlete. International Journal of Sport Nutrition and Exercise
Metabolism 2014; 24: 570-584. https://doi.org/10.1123/ijsnem.2014-0031

e Deutz B, Benardot D, Martin D, and Cody M. Relationship between energy deficits and body
composition in elite female gymnasts and runners. Medicine & Science in Sports & Exercise 2000;
32(3): 659-668.

e Elango R, Ball RO, and Pencharz PB. (2015) Tolerability of Leucine in Humans. In: Rajendram R.,
Preedy V., Patel V. (eds) Branched Chain Amino Acids in Clinical Nutrition. Nutrition and Health.
Humana Press, New York, NY. https://doi.org/10.1007/978-1-4939-1914-7 1

e Figueriedo JC, Grau MV, Haile RW, Sandler RS, Summers RW, Bresalier RS, Burke CA, McKeown-
Eyssen GE, and Baron JA. Folic acid and risk of prostate cancer: results from a randomized clinical
trial. Journal of the National Cancer Institute. 2009; 101: 432-435. doi: 10.1093/jnci/djp019

e Kim Y-I. Folate: a magic bullet or a double edged sword for colorectal cancer prevention? Gut 2006;
55(10): 1387-1389.
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e Koenig CA, Benardot D, Cody M, and Thompson W. Comparison of Creatine Monohydrate and
Carbohydrate supplementation on Repeated Jump Height Performance. The Journal of Strength and
Conditioning Research. 2008; 22(4):1081-1086.

e Kwiatkowska D, Wdjtowicz M, Jarek A, Goebel C, Chajewska K, Turek-Lepa E, Pokrywka A, and
Kazlauskas R. N,N-dimethyl-2-phenylpropan-1-amine — new designer agent found in athlete urine
and nutritional supplement. Drug Testing and Analysis. 2015; 7(4): 331-335.

e Lee JE, Willett WC, Fuchs CS, Smith-Warner SA, Wu K, Ma J, and Giovannucci E. Folate intake and risk
of colorectal cancer and adenoma: modification by time. American Journal of Clinical Nutrition.
2011; 93(4): 817-825. https://doi.org/10.3945/ajcn.110.007781

e Manore MM, Patton-Lopez MM, Meng Y, Wong SS. Sport Nutrition Knowledge, Behaviors and
Beliefs of High School Soccer Players. Nutrients. 2017; 9(4):350. https://doi.org/10.3390/nu9040350

e Mason JB. Unraveling the complex relationship between folate and cancer risk. Biofactors. 2011;
37(4): 253-260. https://doi.org/10.1002/biof.174

e Maughan R. Quality assurance issues in the use of dietary supplements, with special reference to
protein supplements. Journal of Nutrition. 2013. 142: 1843S5-1847S.

e Maughan RJ, Depiesse F, and Geyer H. The use of dietary supplements by athletes. Journal of Sports
Sciences. 2007; 25 (S1): S103-S113. https://doi.org/10.1080/02640410701607395

e Meydani SN, Leka LS, Fine BC, Dallal GE, Keusch GT, Singh MF, and Hamer DH. Vitamin E and
Respiratory Tract Infections in Elderly Nursing Home Residents: A Randomized Controlled
Trial. Journal of the American Medical Association. 2004;292(7):828-836.
doi:10.1001/jama.292.7.828

e Michael Gleeson M, Nieman DC, and Pedersen BK. Exercise, nutrition and immune function, Journal
of Sports Sciences, 2004; 22(1):115-125, DOI: 10.1080/0264041031000140590

e Mursu J, Robien K, Harnack LJ, Park K, and Jacobs DR. Dietary supplements and mortality rate in
older women: The lowa Women’s Health Study. Archives of Internal Medicine 2011; 171(18): 1625-
1633.

e Nieman DC, Henson DA, McAnulty SR, McAnulty LS, Morrow JD, Ahmed A, and Heward CB. Vitamin
E and immunity after the Kona triathlon world championship. Medicine & Science in Sports &
Exercise 2004; 36(8):1328-1335.

e Omenn GS, Goodman GE, Thornquist MD, Balmes J, Cullen MR, Glass A, Keogh JP, Meyskens FL,
Valanis B, Williams JH, Barnhart S, and Hammar S. New England Journal of Medicine. 1996;
334:1150-1155. DOI: 10.1056/NEJM199605023341802

e Ulrich CM, and Potter JD. Folate supplementation: too much of a good thing? Cancer Epidemiology,
Biomarkers & Prevention. 2006; 15(2): 189-193. DOI: 10.1158/1055-9965.EPI-06-0054

Within-Day Energy Balance Issues Abstract

It is important to consider the problems associated with the traditional strategy for determining energy
balance, often referred to as ‘Energy-In vs. Energy-Out’ and determined over a 24-hour period. This
traditional view of energy balance suggests that if, over a 24-hour period, 3,000 Calories are consumed
and 3,000 Calories are expended the person is in perfect energy balance and ‘weight’ will stay the same.
However, because energy balance occurs in real time (i.e., the pancreas doesn’t wait until the end of the
day to determine how much insulin to produce), this traditional view of energy balance fails to provide
essential information. Studies clearly demonstrate that decreased meal frequency, even when 24-hour
energy balance is achieved, is associated with higher body fat and lower lean mass. Athletes, because of
their elevated energy expenditure during physical activity, can more easily achieve a severe negative
energy balanced state, with negative consequences, than non-athletes. However, studies of non-
athletes also clearly demonstrate that meal-skipping, which results in a severe negative energy balance,
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is also associated with higher body fat and more cardiometabolic risk factors. A recent consensus

statement by the International Olympic Committee has established a term for this condition, which is

referred to as ‘Relative Energy Deficiency in Sport (RED-S)’, and has determined that this condition (i.e.,

not having sufficient energy to do the physical task required), results in higher disease risks and multiple

negative performance outcomes. Studies have also demonstrated that the state of energy balance, in
real time, can influence how nutrients are used. For instance, a good energy balance and appropriate
distribution of protein has a much better anabolic outcome than consuming the same amount of protein
that is poorly distributed or consumed when in a negative energy balanced state. It is important to
consider that both nutrient and energy balance must be considered in real time, with both intakes that
are excessive or inadequate in real time causing problems that can negatively impact body composition
and health.
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Endocrine-Related | ™ Araujo-Castro et al. Complications in 28:11 695-703
Cancer pheochromocytoma surgery

RESEARCH

Risk factors for intraoperative complications in  Background .
pheochromocytomas L_Jm_centrlc studies and/or with a
limited number of patients (pts)

Marta Araujo-Castro(?12, Rogelio Garcia Centeno3, Maria-Carmen Lépez-Garcia¢, Cristina Lamas®, Inc I u d ed ’ n Ot ge nera | Iza bl I Ity Of

Cristina Alvarez-Escola(s, Maria Calatayud Gutiérrezs, Concepcién Blanco-Carrera’, Paz de Miguel Novoa?, resu ItS
Nuria Valdés®, Paola Gracia Gimeno'?, Mariana Tomé Fernandez-Ladreda', César Minguez Ojeda’?,

Juan Carlos Percovich Hualpa3, Mireia Mora®314, Gscar Vidal's, Ana Serrano Romero’s, Felicia Alexandra Hanzu'3.14

and Victoria Gémez Dos Santos2

Purpose identify presurgical and surgical risk factors for intraoperative complications in pts with
pheochromocytomas

Methods Retrospective study; pts with pheochromocytomas; surgery in 10 Spanish hospitals;
2011 — 2021

Intraoperative Complications: intraoperative hypertensive crisis, intraoperative bleeding,
prolonged hypotensive episode, arrhythmias, hemodynamic instability, others

Results

162 surgeries (159 pts); mean age 51.6+16.4 years (yrs) old; 52.8% women; median tumour size
40 mm (range 10-110)

» Laparoscopic adrenalectomy - 148 pts vs open adrenalectomy - 14 pts

» Presurgical a- and B-blockade in 95.1% and 51.9%, respectively

33.3% pts (54) 21 intraoperative complications
» Pts pre-treated with doxazosin required intraoperative

hypotensive treatment more commonly than pts pre- Intraoperative complications
treated with other antihypertensive drugs (51.1% vs 2. N
26.5%, P=0.002) .

A4

Most common hypertensive crisis in 21% - prolonged 05 4.8%
. . . oge 1.9%
hypotension 20% - hemodynamic instability 10.5% o
I Hypertension crisis N Prolonged hypotension
I Hemodynamic instability WM Bleeding
Arrhythmia [ Other complications
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» Intraoperative complications more
common with higher urine

Table 2 Presurgical and surgical risk factors of intraoperative complications.

Variable Complicati =53 No ications (1=109) OR (95% Cl), # value

Female sex 55 6% (1=30) S19%(1=56)  OR=081(042-157) P=0531 metanephrine (OR=1.01 for each
Age 53.3£16.98 504+16.14 OR=1.01(0.99-1.03), P=0.301
Any comorbidity 50%(n=27) 37.0% (n=40) OR=17(0.88-3.29), P=0.115 =
Diabetes 333%(n=18) 21.3% (1=23) OR=1.8(0.89-3.83), P=0.101 100 ug/24 h’ P 0'026)'
Hypertension 59.3% (n=32) 61.1% (0 =66) OR=0.93 (0.48-1.80), P=0.820 H —
Obesity 16.7% (n=9) 14.3% (n=15) OR=1.2(0.49-2.95), P=0.693 normEtanephrme (OR_]--OO for
Cardiovascular disease 16.7%(n=9) 12.0% (n=13) OR=0.93 (0.58-1.50), P=0.767 _
Cerebrovascular disease 5.6%(n=3) 3.7% (n=4) OR=1.53(0.33-7.09), P=0.592 each 100 ug/24 h, P—0.0ZS), la rger
BMI, kg/m?2 256+49 26.1+49 OR=0.98% (0.91-1.05), P = 0.560 .
Presurgical systolic BP 1207 £2437 1186£137 OR=1.01*(0.99-1.03), P = 0.492 tumours (h |gher content of
Presurgical diastolic BP 728+117 709195 OR=1.02* (0.99-1.05), P=0.284
Presurgical HR 76.6+14.0 720117 OR=1.03* (1.00-1.07), P =0.031 i
Presurgical BP > 130/80 41.5% (n=22) 24.0% (n=23) OR=2.25(1.10-4.63), P=0.027 CateChO|amlnes + need for greater
Adrenergic tumours 16.7%(n=9) 29.6% (n=32) OR=0.48 (0.21-1.09), P = 0.066 H H H —_
Urine metanephrine (ug/24 h) 4857.4+107237 1629.6£3517.2 OR=1.01for each 100 ug/24 h Surglcal manIpU|atlon) (OR_1'4 for
(1.00-1.02), P=0.026 . . .
Urine normetanephrine (ig/24 h) 3853.9 + 4889.1 18829430192  OR=1.00 for each 100 pg/24 h each 10 mm, P<0.001), insufficient
(1.00-1.03), P=0.025
Urine epinephrine (pg/24 h) 90.9 +209.33 86.6 + 147.56 OR=1.02 for each 100 pg/24 h
0 foreah 100 blood pressure (BP) control >
Urine norepinephrine (pg/24 h) 1400.7 + 3509.74 4845 + 667.078 OR=1.02 for each 100 pg/24 h _ _
o0 s 5 o 130/80 mmHg (OR=2.25, P=0.027),
Plasmatic metanephrine (ug/dL) 390.8 + 549.25 399.1+799.44 OR=1.00 for each 10 pg/dL .
(0.99-101), P=0.972 p re-treated doxazosin (O R=2.20,
Plasmatic normetanephrine(pg/dL) 1091.6 + 997.57 1122.63 + 1784.80 OR=1.00 for each 10 pg/dL . .
(0.95-1.00), P 0949 P=0.023), no perioperative
Tumour size (mm) 57.3+4733 385+17.29 OR= 1.4 for each 10 mm ’
(1.16-1.68), P < 0.001 1 _
Tumour > 50 mm 431%(n=22) 28.0% (n=30) OR=1.09(0.97-3.91), P=0.061 hydrocortlsone (HC) (OR_395I
Onen adrenalectomy 11.1%(n—=6) 74%(n—8) OR-156(051-476),P_-0437
[Doxazosin pre-treatment 73.1%(n=38) 22 = = = = P:0008)
Absence of presurgical treatment 3.7%(n=2) 5.6% (n=6) OR=0.65 (0.13-3.35), P=0.600 . .
Beta-blockers 12.6%(n1=23) seswn=61) __or-057030-111.p-0055 » NO intraoperative deaths
Wol presurgical hydrocortisone (n=140) 92.0% (n =46) 74.4% (n=67) OR=395(1.28-12.77), P=0.008 ]
Limitations

v’ Retrospective review of data

v’ Variability of anaesthetic and surgical management between medical centres
Strengths

v’ Large series of records from consecutive patients in 10 tertiary hospitals

v’ Precise definition of complications before data collection and analysis

v" Multicentric nature increases the external validity

Conclusion

v' Intraoperative complications in pheochromocytoma: common and potentially life-threatening

v' Higher metanephrine and normetanephrine levels, larger tumour size, insufficient BP control
before surgery, pre-treatment with doxazosin, lack of treatment with perioperative HC
associated with higher risk of intraoperative complications

Endocrine (2021) 74:676-684
https://doi.org/10.1007/512020-021-02843-6

ORIGINAL ARTICLE
)

Surgical outcomes in the pheochromocytoma surgery. Results from
the PHEO-RISK STUDY

Marta Araujo-Castro (5'? + Rogelio Garcia Centero® - Maria-Carmen Lopez-Garcia® + Cristina Alvarez Escold® +
Maria Calatayud Gutiérrez® - Concepcion Blanco Carrera’ - Paz De Miguel Novoa® - Nuria Valdés Gallego® -
Felicia A. Hanzu™ - Paola Gracia Gimeno'" - Mariana Tomé Fernandez-Ladreda'? + Juan Carlos Percovich Hualpa®+
Mireia Mora Porta'® « Javier Lorca Alvaro™ - Héctor Pian™ - Ignacio Ruz Caracuel' «

Alfonso Sanjuanbenito Dehesa'® - Victoria Gémez Dos Santos™ - Ana Serrano Romero'® + Cristina Lamas Oliveira®

Purpose To identify presurgical and surgical risk factors for postsurgical complications in the
pheochromocytoma surgery

Methods Retrospective study of pheochromocytomas pts submitted to surgery; 10 Spanish
hospitals; 2011—2021

Postoperative complications were classified according to Clavien-Dindo scale: hypertensive
crisis, hypotension episode, hypoglycaemia, acute renal failure, postsurgical ileus, others
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Results

162 surgeries (159 pts)

» Preoperative antihypertensive blockade performed in 95.1%; doxazosin monotherapy
(43.8%) most frequent regimen. Pts pre-treated doxazosin required intraoperative
hypotensive treatment more frequently (49.4% vs 25.0%, P=0.003) than phenoxybenzamine

» No differences rate of intraoperative and postsurgical complications

» Phenoxybenzamine longer hospital stay (12.2 £ 11.16 vs 6.2 * 6.82, P<0.001) than doxazosin

Table 2 Presurgical antihypertensive regimens, blood pressure levels and intraoperative complications

Pre-treatment regimen, % Pre-treatment SBPDBP  SBP/DBP before surgery  Intmoperative hypertensive crisis  Intraoperative hypotensive crisis  Hemodynamic instability

Doxazosin monotherapy (n=71) 1333 +21.8/ 1178=104/ 15.5% (n=11) 169% (n=12) 11.3% (n =8)
799129 T06+104

PHENO monotherapy (n = 39) 128.7 £22.5/ 1131231/ 180% (n="T) 180% (n=T) 77% (n=3)
T74x14.2 709106

Doxazosin + PHENO (n =5) 123.0 245/ 1200 = 18.3/ 80.0% (n=4) 40.0% (n=2) 20.0% (n=1)
B18+198 T15+96

Doxazosin + amlodipine (n=13) 1595 310/ 12432182/ 46T% (n=T) 533% (n=8) 20.0% (n=3)
9432163 71586

PHENO + amlodipine (n= 6) 1443 274/ 1220181/ 333% (n=12) 333% (n=6) 16.7% (n=1)
86.7x179 T3BxT72

Other regimens (n = 24) 139.5 £34.8/ 1220x16.3/ 45.5% (n=10) 409% (n=9) 27.3% (n=106)
81.2x198 74998

PHENO phenaxybenzamine, SBP/DBP systolic blood pressure/diastolic blood pressure

Variable OR [95% CT], p value
Female sex OR = 148 [0.67-3.25], P=0.326 Results
Age 565 years OR —2.43 [105-5.62), P— 0.042 l . . . o
i OR=2l7 1012 » Hypertension resolution in 78.7%
Hypertension OR = 2.15 [0.90-5.15], P = 0.076
Severe hypertension (SBP >180 and/or DBP OR = 1.64 [0.41-6.54], P = 0.501 H H H
Sy (SPP 180 s » Biochemical cure in 96.6%
Obesity OR = 1.2 [0.49-2.95], P = 0.693 o . . .
Cantiovascular disease OR =093 [051-1.70}, P= 0500 > 31 pts (191/;) had postsurg|ca| comp“ca“ons;
Cerebrovascular disease OR = 6.32 [1.34-29.88], P=0.022 ]
BMI, kg/m2 OR = 0.98 for each kg/m? [0.88-1.09] P = 0.720 H H 0,
on 12 a0 prolonged hypotension the most common, in 9.9%
Fasti lasma gluce OR = 1.13 for each 10 mg/dl . .
Ter— 1.05-1251P 20013 (16), followed by hypoglycaemia in 6 pts and acute
Urinary free metanephrine (/24 h) OR = 1.01 for each 100 meg/24h
[1.00-1.02), P=0.010 . .
i e G G017 T30 T renal failure in 4 pts
P=0.088
Plasma free metanephrine levels (ug/dl) OR =100 for cach 10meg/dl [0.98-1.01], > 13% of complications score >3 in the Clavien-Dindo
P=0743 -
Pl fr 2 hi /) OR = 1.00 for each 10 meg/dl [0.98-1.01].
lasma free normetanephrine (ug/dl) OR =100 for each 10ms Scale
Urinary epinephrine (ug/24 h) OR = 1.20 for each 100 meg/24 h [0.95-1.50],
P=0.125
Urinary norepinephrine (ug/24 h) OR = 1.08 for each 100 meg/24h
[1.02-1.15], P<0.001
[Tumour size 550 mm OR —2.70 (121602, P 0016
Open adrenalectomy OR = 1.79 [0.52-6.15], P =0.370
Doxazosin pre-treatment OR = 0.78 [0.35-1.76], P=0.554
Beta-blockers OR=0.61 [0.28-1.35], P=0.219

Intraoperative complications OR=1.94

0.87-4.33], P=0.107
0.54-2.89), P=0.601
0.40-2.01], P=0.798

Use of intraoperative vasoactive drugs OR=125

Use of intraoperative hypotensive drugs OR =090

Postsurgical complications more common in pts with
diabetes, cerebrovascular disease, higher plasma
glucose levels, higher urinary free metanephrine and
norepinephrine, and pheochromocytomas > 5 cm

Limitations:

v’ Retrospective review of data

v’ Variability of anaesthetic and surgical management between medical centres
Strengths:

v’ Large series of records from consecutive pts in 10 tertiary hospitals

v’ Precise definition of complications before data collection and analysis

Conclusion

Preoperative medical treatment and postsurgical monitoring of pheochromocytoma: pts
with diabetes, cerebrovascular disease, higher levels of plasma glucose and urine free
metanephrine and norepinephrine, with pheochromocytomas >5 cm, due to the higher
risk of postsurgical complications
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K Zawadzka and others a-Blockade: pretreatment for 184:6 | 751-760
pheochromocytoma
Objective

v’ a-adrenergic blockade 1st choice of
preoperative treatment in pts with
functional pheochromocytoma and

Selective vs non-selective alpha-blockade prior
to adrenalectomy for pheochromocytoma:

systematic review and meta-analys sympathetic paraganglioma

European Journal of .
Karolina ' ieckowski,Potr Matczak'?, Michat Wysocki®s,  Endocrnology v"No consensus whether selective or non-
Piotr Major'?, Michat iwiatr'? and Pisarska-Ad k(12 (2021) 184, 751-760

selective a-blockade superior for
preventing perioperative hemodynamic
instability and complications

Design Compare selective and non-selective alpha-blockade: systematic review with meta-
analysis

Methods MEDLINE, Embase, Web of Science and Cochrane Library searched for eligible studies.
Randomized and observational studies comparing selective vs non-selective a-blockade in
pheochromocytoma and sympathetic paraganglioma surgery in adults. Data on perioperative
hemodynamic parameters and postoperative outcomes were extracted.

Results

11 studies [1 RCT and 10 observational]- 1344 pts: 578 pretreated with the selective a-

blocker (SAB) [terazosin, prazosin, doxazosin]; 766 pretreated with non-selective alpha-

blocker (NAB) [phenoxybenzamine]

» Pts receiving SAB higher maximum intraoperative systolic BP (SBP) (weighted mean
difference, WMD: 12.14 mmHg , 95%Cl: 6.06—18.21, P<0.0001) vs NAB

» Group pretreated with SAB, more frequently intraoperative vasodilators (OR: 2.46 , 95%Cl
1.44-4.20, P=0.001)

» Pts treated with SAB lower minimum intraoperative SBP (WMD: -2.03 mmHg, 95% Cl:
-4.06 to -0.01, P=0.05) and shorter length of hospital stay (WMD: —-0.58 days, 95% Cl:
-1.12 to -0.04, P=0.04)

» Operative time, overall morbidity and mortality did not differ between the groups
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Limitations
v’ Heterogeneity in preoperative treatment strategies (goals and dosage)
v" Included studies characterized by moderate or low quality

Conclusions

This meta-analysis shows NAB more effective in preventing intraoperative BP
fluctuations while maintaining comparable risk of both intraoperative and
postoperative hypotension and overall morbidity
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Maternal and fetal outcomes in phaeochromocytoma and

. . Background Ph h t
pregnancy: a multicentre retrospective cohort study and grou aeochromocytoma - or

paraganglioma (PPGL) in pregnant

systematic review of literature Lancet Diabetes Endocrine o

202391321 women — severe complications and
Irina Bancos, Elizabeth Atkinson, Charis Eng, William F Young Jr, Hartmut P H Neumann, on behalf of the International Pheochromocytoma and .
Pregnancy Study Group* ’ ! ! death ~ CateChOlamlne excess

Purpose ldentify factors ~ maternal and fetal outcomes in women with PPGL during pregnancy

Methods Multicentre, retrospective study; patients with PPGL and pregnancy; 1/1/1980 —=>

31/12/2019; International Pheochromocytoma and Pregnancy Registry; systematic review 2005 -

2019 > 5 cases.

v’ Inclusion criteria: preghancy and PPGL before or during pregnancy or within 12 months post-
partum

v Eligible pts retrospective study and systematic review included

v Outcomes of interest: maternal or fetal death; maternal severe cardiovascular complications
of catecholamine excess

Findings Systematic review 7 studies (63 pregnancies: 55 pts) eligibility
criteria and quality 197 pregnancies (-11 overlap?) 186 pts Registry—> 249

pregnancies in 232 PPGL pts. Diagnosis PPGL before 37 (15%), during 134 =
(54%), after 78 (31%). Genetic predisposition: 95/144 (66%) s o ()' m
v Unrecognised PPGL during pregnancy (OR 27-0; 95% Cl 3:5-3473-1), =™ . . ..
abdominal/ pelvic location (11-3; 1:5-1440-5), catecholamine excess ‘cuows wom s -
>10ULN (4-7; 1-8—-13-8)~adverse outcomes - E) o o
v’ During pregnancy, a-adrenergic blockade ~fewer adverse outcomes (3-6; . o
1-1-13-2 for no a-adrenergic blockade vs a-adrenergic blockade) WE)‘, . I

v’ Surgery during pregnancy not ~better outcomes (0-9; 0-3-3-9 for no v~ = v o
surgery vs surgery).

26(6-38) 25(10-28)
56 (28%) 21(64%)

S(3310)  s1@-IsB) 067
OR (953 C1)

? >

s
5117 020117y

No 72(87%) 3(100%) 0630

B OR (953 pvalue Yes 25(3%) 0
Positive for genetic disease (n=149)

No 36(29%) uEw 06
Yes 90 (71%) 11(43%)

187
47818 2211
©

766 (061643 3)

584 (114 15 19)

paraganglioma. ULN=upper imitof rormal

aborion, o the umber

v - ‘
Fiqure 2: F pregnancy with PPGL

Limitations:
v’ Retrospective design
v" Inclusion of convenient sample of pts, non-systematic reporting of data, selection, and
information bias
v’ Period of enrolment several decades: advances in obstetric care and the understanding of
PPGL
Strengths:
v' Largest known cohort of pregnant women with PPGL
v’ Systematically searched multiple databases and obtained published data on individual pts not
included in the registry — the most complete evidence base to date and providing more
generalisable inferences
Interpretation
v Unrecognised and untreated PPGL ~substantially higher risk of either maternal or fetal
complications
v’ Appropriate case detection and counselling for premenopausal women at risk for PPGL
could prevent adverse pregnancy-related outcomes
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Loss of KDM1A in GIP-dependent primary bilateral Background Ectopic expression of the
macronodular adrenal hyperplasia with Cushing's syndrome: glulcose-gspenflglr;t) tlnsgllnot?pli

. . polypeptide receptor-dependen
amulticentre, retrospective, cohortstudy oo primary bilateral macronodular adrenal

Fanny Chasseloup*, Isabelle Bourdeau*, Antoine Tabarin, Daniela Regazzo, Charles Dumontet, Nataly Ladurelle, Lucie Tosca, Larbi Amazit, hype rp|aSIa (P BMAH) W|th Cush | ng’s

Alexis Proust, Raphael Scharfmann, Tiphaine Mignot, Frédéric Fiore, Stylianos Tsagarakis, DimitraVassiliad;, Dominique Maiter, Jacques Young,

Anne-Lise Lecog, Vianney Deméocg, Sylvie Salenave, Hervé Lefebure, Lucie Cloix, Philippe Emy, Rachel Dessailloud, Delphine Vezzosi, Carla Scaroni, Syn d rome ( CS ) by a be rrant eXp ression Of

MattiaBarbot, Wouter de Herder, Francois Pattou, Martine Tétreault, Gilles Corbeil, Margot Dupeux, Benoit Lambert, Gérard Tachdjian, . .

Anne Guiochon-Mantel, Isabelle Beau, Philippe Chanson, Say Viengchareun, André Lacroix, Jérome Bouligand, Peter Kamenickj t h e G I P rece pto ra d rena I | esions. Bl Iate ra I
nature  suggests germline  genetic

predisposition.

AIM identify the genetic driver event responsible for GIP-dependent PBMAH with CS
Methods Multicentre, retrospective, cohort study hospitals (France, Canada, Italy, Greece,
Belgium, Netherlands). Blood/adrenal samples pts unilateral or bilateral adrenalectomy GIP-
dependent PBMAH with CS. Adrenal samples pts with PBMAH adrenalectomy overt or mild CS
without evidence of and those with GIP-dependent unilateral adrenocortical adenomas
(control groups). Whole genome, whole exome, targeted next generation sequencing (NGS),
copy number analyses of blood and adrenal DNA from pts with familial or sporadic disease.
RNA sequencing on adrenal samples and functional analyses of the identified genetic defect
in the human adrenocortical cell line H295R.

Findings 17 pts with GIP-dependent PBMAH with CS. Median age pts 43-3 (95%Cl 38-:8—47-8) yrs

and most pts (15 [88%]) women

v We identified germline heterozygous pathogenic or most likely inactivating pathogenic
variants in the KDM1A gene in all 17 pts: not reported in gnomAD or in the 1000 Genomes
Project databases

v’ Recurrent deletion in the short p arm of chromosome 1 harboring the KDM1A locus in
adrenal lesions of these pts

v’ 0/29 pts in the control groups KDM1A germline or somatic alterations

v" ARMC5 and KDM1A mutually exclusive driver events

v Concomitant genetic inactivation of both KDM1A alleles — loss of KDM1A expression in
adrenal lesions — Global gene expression analysis showed GIP receptor upregulation with a
log2 fold change of 7-99 (95%Cl 7-34-8-66; p=4-4 x 10-'**), and differential regulation of
several other G protein-coupled receptors in GIP-dependent PBMAH samples vs control
samples

v In vitro pharmacological inhibition and inactivation of KDM1A by CRISPR-Cas9 genome
editing — 1 GIP receptor transcripts and protein in human adrenocortical H295R cells

Physiological role Regulated GIP receptor expression Healthy adrenal glands
in adrenal tissue and physiological cortisol secretion
KDM1A G @
Chromosome 1 _,-"'- |
GIP receptor
Germline KDM1A pathogenic variation Aberrant GIP receptor expression Primary bilateral macronodular adrenal hyperplasiawith
and somatic loss of heterozygosity in adrenal tissue aberrant GIP receptor expression and
GIP-dependent Cushing'’s syndrome
Loss of KDM1A 8
GIP receptor
e >
@ @ ) N
- ) b o
Chromosome 1 7 | \*/
v <
GIP receptor
Figure 5: Pathophysiology of GIP-dependent primary bilateral macronodular adrenal hyperplasia with Cushing’s syndrome
A free medical art server, Servier Medical Art, was used for some components of the figure. GIP=glucose-dependent insulinotropic polypeptide.
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i e . e Implicatiohs of all the available evidence

Unpubi

Uncovering a common genetic mechanism of GIP-dependent
primary bilateral macronodular adrenal hyperplasia represents a

syndrome. This finding will enable genetic testing and
counselling of patients and earlier detection of the disease,
which is important because KDM1A pathogenic variants
predispose to myelomas or monoclonal gammopathy of
undetermined significance. Further, this novel role of KDM1A as
an epigenetic regulator of GIP receptor expression and that of
several other G protein-coupled receptors can have
pharmacological implications. Targeting KDM1A by inhibitors
could possibly be applied beyond the field of adrenal
hyperplasia—eg, in the field of endocrine and metabolic

= . diseases—and warrants further investigation.

Interpretation

v GIP-dependent PBMAH with CS results from a two-hit inactivation of KDM1A, consistent with
tumour suppressor gene model of tumorigenesis - genetic disease

v’ Genetic testing and counselling offered to pts and 1st-degree relatives

v’ Carriers KDM1A pathogenic variants: clinical examination and biochemical screening including
fasting and post-prandial plasma cortisol, urinary free cortisol (UFC) excretion, and serum
protein electrophoresis to detect monoclonal gammopathy

Annals of Internal Medicine ORIGINAL RESEARCH Background

Cardiometabolic Disease Burden and Steroid Excretion in Benign ¥ Benign adrenal tumors commonly
Adrenal Tumors Ann Intern Med. doi-10.7326/M21-1737 discovered on cross-sectional

A Cross-Sectional Multicenter Study imaging

I | rete, ; dh i Sc; Irina Bancos, MD; Vasileios Chortis, MD, PhD; 1 1 1
Stylianos Tsa:ar:kis.MNII)D. PhD; Katharina Lang, MD’:VIMag:dale:a Macelvl:?M‘:); Danae A. :elivn:r?is,PMll)): Ivana D. Pupovac, MD; \/ M | | d a Uto nomous Cortlso' secretlon

Giuseppe Reimondo, MD; Ljiljana V. Marina, MD, PhD; Timo D hbein, MD; Maria Bals ki, MD; .

Michael W. O'Reilly, MD, PhD; Lorna C. Gilligan, MD, PhD; Carl Jenkinson, PhD; Tomasz Bednarczuk, MD, PhD; (MACS) regu I a rly d | agn Osed, but
Catherine D. Zhang, MD; Tina Dusek, MD, PhD; Aristidis Diamantopoulos, MD; Miriam Asia, MSc; . . . .
Agnieszka Kondracka, MD, PhD; Dingfeng Li, MD; Jimmy R. Masjkur, MD; Marcus Quinkler, MD; Grethe A. Ueland, MD, PhD; effect on ca rd lometa bOI IC d |Isease In
M. Conall Dennedy, MD, PhD; Felix Beuschlein, MD; Antoine Tabarin, MD, PhD; Martin Fassnacht, MD;

Miomira Ivovié, MD, PhD; Massimo Terzolo, MD; Darko Kastelan, MD, PhD; William F. Young Jr., MD; affe Cted persons: i | | d efl n ed

Konstantinos N. Manolopoulos, MD, PhD; Urszula Ambroziak, MD, PhD; Dimitra A. Vassiliadi, MD; Angela E. Taylor, PhD;
Alice J. Sitch, PhD; Krishnarajah Nirantharakumar, MD; and Wiebke Arlt, MD, DSc; for the ENSAT EURINE-ACT Investigators*

Objective Determine cardiometabolic disease burden and steroid excretion in persons with
benign adrenal tumors with and without MACS

Design Cross-sectional study Setting 14 endocrine secondary/ tertiary centers (2011-2016)
Participants 1305 prospectively recruited persons with benign adrenal tumors Measurements
Cortisol excess defined = clinical assessment + 1-mg overnight dexamethasone-suppression test
(cortisol: <50 nmol/L, nonfunctioning adrenal tumor [NFAT]; 50 - 138 nmol/L, possible MACS
[MACS-1]; >138 nmol/L + absence of typical clinical CS, definitive MACS [MACS-2]). Net steroid
production assessed by multisteroid profiling 24-hour urine by tandem mass spectrometry.

Results: 1305 participants, 49.7% NFAT (649; 64.1% women), 34.6% MACS-1 (451; 67.2%

women), 10.7% MACS-2 (140; 73.6% women), 5.0% CS (65; 86.2% women).

v’ Prevalence and severity of hypertension higher in MACS-2 and CS than NFAT (adjusted
prevalence ratios [aPRs]: MACS-2, 1.15 [95% Cl, 1.04 to 1.27]; CS, 1.37 [Cl, 1.16 to 1.62]; aPRs
>3 antihypertensives: MACS-2, 1.31 [Cl, 1.02 to 1.68], CS, 2.22 [CI, 1.62 to 3.05])

v Type 2 diabetes more prevalent CS than NFAT (aPR, 1.62 [Cl, 1.08 to 2.42]); more likely insulin
therapy for MACS-2 (aPR, 1.89 [CI, 1.01 to 3.52]), CS (aPR, 3.06 [CI, 1.60 to 5.85]).

Table 2. Cardiometabolic Disease Burden in Benign Adrenocortical Tumors With Different Degrees of Cortisol Excess*

Cardiometabalic Outcome NFAT (n = 649) MACS-1 (n = 451) MACS-2 (n = 140) Adrenal CS (n = 65)
Hypertension, n (%) 716(64.1) 2 07042 7 023)
Unadjusted PR (95% C1) - 1.19(1.07-133) 113(0.96-1.33
aPR (95% CI) = 1.07(0.99-1.16) 1.15(1.04-1.27) 1.37(1.16-1.62)
Treatment with 3 antihypertensives, n (%)t 142(343) 132(39.1) 46(43.0) 27(57.4)
Unadjusted PR (95% CI) - 1.14(0.94-1.38) 09714 r::4 =
PR (95% CI) 1.12(0.92-137) 131(1.02-168) 2.22(162.3.05)
Dysglycemia, n (%)% 321 (49.5) 243(53.9) 77(55.0) 32.4(49.8)
Unadjusted PR (95% CI) - 1.09(0.97-123) 111 (091-135) 1.01(0.75-134)
PR (95% CI) 1.00(0.69-113) 1.07(0.89-129) 123(0.92-1.65)
Type 2 diabetes, n (%) 171(26.4) 4 47(33.7) 20(31.5)
Unadjusted PR (95% CI) - 127(095-172) 2080128
aPR(95% CI) - T10(091-133) 123(092-1.64) 162 (108242
Insulin treatment, n (%)§ 29(16.9) 37(25.8) 15(32.6) 8(41.0)
Un, 1.53(0.92-256) TITO535Y 24 (1.25-4.76)
1.45(0.83-252) 189 (101-352) 3,06 (1:60-5.85)
187(288) . 50(35.9) 10(15.7)
= 1.24(0.96-1.60) 054(030-0.97)
1.08(0.91-1.29) 1.18(0.91-1.52) 0.76 (0.43-1.32)

mild ous cortisol secretion; MACS.-2 = definitive mild auton

m the EURINE
issing out-

nt with =3
ia, and type 2 diabetes,

ith ag
in treatment nditional to p

es, type 2 diabetes, and
diagnosis of hypertension (n = 909).

ith
iabetes and type 2 diabetes.
ints with a diagnosis of type 2 diabetes (n = 383).
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Results -

v’ Bilateral tumors and MACS — 1 e
cardiometabolic burden o " —

v" Urinary multisteroid profiling revealed o I
/N glucocorticoid (GC) excretion from el
NFAT over MACS-1 and MACS-2 to CS Ry pe iz
[gradually progressive continuum], ﬁ:HLﬁ
whereas androgen excretion |,

v" No characteristic (tumor diameter, e
1mg-DST results, ACTH, DHEAS, 24- - R —
hour UFC) correlated clinically with T e £ T
cardiometabolic disease _—

Tl e el b e
Limitations
v’ Cross-sectional design: possible selection bias
Strengths

v’ Prospective recruitment

v’ Large sample size

v’ Standardized classification of different degrees of cortisol excess

v' 24-hour urine multisteroid profiling by a centralized tandem mass spectrometry assay

Conclusion MACS [no typical features of CS] = cardiometabolic risk condition,
predominantly affects women and warrants regular assessment for hypertension and type
2 diabetes

| e
The Journal of Clinical Endocrinology & Mmabolr::;)';szl;/);‘;l\/:’\g;‘l):,‘ V:'o“/::l:l,":f'ifzg:ii:g ) —‘
) Context 11B-hydroxysteroid dehydrogenase
Clinical Research Article type 1 (11B-HSD1) inhibitors = antimetabolic

HSD1 Inhibitor for Cushing’s Syndrome and
Autonomous Cortisol Secretion

Satoko Oda,”* Kenji Ashida,"** Makiko Uchiyama,® Shohei Sakamoto,"
Nao Hasuzawa,'? Ayako Nagayama,? Lixiang Wang,"* Hiromi Nagata,'
Ryuichi Sakamoto,’ Junji Kishimoto,* Koji Todaka,® Yoshihiro Ogawa,'
Yoichi Nakanishi,® and M hi Nomura'?

Objective Confirm efficacy and safety of S-707106 (11B-HSD1 inhibitor) administered to CS and
ACS pts

autonomous cortisol secretion (ACS) pts

Design 24-week single-center, open-label, single-arm, dose-escalation, investigator initiated
clinical trial on a database Setting 2 University Hospital Pts 16 pts with inoperable or recurrent
CS and ACS, with mildly impaired glucose tolerance (IGT) Intervention Oral administration 200mg
S-707106 after dinner, daily, 24 weeks (wks) (insufficient improvement in oral glucose tolerance
test (OGTT) results at 12 wks— 200 mg twice daily for the residual 12 weeks). Main Outcome
Measures Rate of participants responding to glucose tolerance impairment, defined as those
showing 25% reduction in the area under the curve (AUC) of OGTT at 24 wks
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Results

» S-707106 administration not achieve primary endpoint of this clinical trial (>20% of responsive
participants: 1 pt not 3).

» AUC glucose | by -7.1% [SD, 14.8 (90%Cl -14.8 to -1.0), P = 0.033] and -2.7% [14.5 (-10.2 to
3.4), P=0.18] at 12 and 24 wks, respectively.

» | AUC glucose significantly in participants with high BMI. Body fat percentage | by -2.5% [1.7
(-3.3t0 -1.8), P <0.001] and body muscle percentage 1by 2.4% [1.6 (1.7 to 3.1), P < 0.001].

» ALT; ALT/AST significantly | by 12- and 24-week; y-GT significantly | after 24 wks

» Eicosapentaenoic acid (EPA), EPA/arachidonic acid (AA) significantly | after the 24-wk

» Cushing QOL scores significantly improved at 24 wks

> Systemic eruption in 1 pt cured by S-707106 discontinuation; 2 pts [1 (pyelonephritis) and

urinary tract infection] due to CS. '

> Inhibited 11B-HSD1 activity to 1/10 without adrenal insufficiency (Al) development

» Attenuated insulin resistance

» | body fat mass and 1 skeletal muscle mass, demonstrated by anthropometrical changes—
improvement in liver adiposity

Table 2. Changes in glucose metabolism parameters following 118-HSD1 inhibitor administration: FAS analysis

Variables [reference range] Baseline [n = 15] 12 weeks [n = 14] 24 weeks [n=14]

Mean +SD Mean = SD P-value® Mean = SD P-value®

FPG (mg/dL) [70-109]

Value 106.6 £19.0 107.6 =17.1 0.93 105.6 17.7 0.56
HbATC (NGSP %) [4.6-6.2]

Value 6235050 6152049 6.1520.50

Change value NA 0082024 0.29 ~0.072023 026
1,5-AG (ng/mL) [male: 14.9-

44.7; female: 12.4-28.8]

Value 15222419 13312471 0,049 13.922423 0.12
AUC glucose (mg/dL x h)

Value 388.13 = 90.41 359.49 = 57.69 375.51=50.22

Percentage change value NA ~7.10 = 14.81 (90% 0.033 ~2.66 = 14.52 (90% 0.18

Cl: -14.8- 1.0 CI: -10.2-3.4)
Peak PG during 75-5 OGTT
(me/dL)

Value 229.0+53.6 215.6234.0 0.15 226.1234.6 0.57
Insulinogenic index

Value 0.58 =0.50 0.570.51 0.39 0.5320.68 0.89
HOMA-IR

. . . Value 2.851.28 2542176 2012097
L|m|tat|0ns Change value NA ~0.38 = 1.11 0.22 ~0.91=0.82 0.0011

ma gl

v Small pt number
H valu with bas he st
/ S h o rt Stu dy d u rat I o n “P-values for the pununugu‘ch.\npﬂ walue in the AUC of gl:mw were calculated with the 1-sided paired #-test.

v' Enrollment of participants with mildly IGT with low HbA1c levels

Conclusions
S-707106 = effective insulin sensitizer and antisarcopenic and antiobesity [| body fat mass,
Tskeletal muscle mass, possibly improved liver adiposity] medication for these pts

Fvogelandaters o
myopathy
Background GC excess — muscle atrophy

Patients with low IGF-I after curative surgery .\ acoknessin pts with endogenous CS.
for Cushing’s syndrome have an adverse Insulin-like growth factor | (IGF-1) is known to

long-term outcome of .
hypercortisolism-induced myopathy have protective effects on muscle loss.

Frederick Vogel", Leah Braun', German Rubinstein', Stephanie Zopp',
sarina Benedix', Holger Schneider", Katrin Ritzel', i ilbach’

Ralf i ier!, Felix in(212, Martin Bidlis ier! and Martin Reincke' European Journal of
"Medizinische Klinik und Poliklinik IV, LMU Klinikum, Ludwig-Maximilians-Universitat Manchen, Munich, Bayern, Endocrinology
Germany and inik far Endokrinologie, Diabetologie und Klinische Erahrung, Universitatsspital Zirich,

Zurich, Switzerland (2021) 1284, 813-821
[ —— |

Hypothesis Individual serum IGF-I predictive for long-term myopathy outcome in endogenous CS
before and after curative surgery

Patients and methods

Prospective longitudinal study 31 pts with florid CS [23 pituitary; 8 adrenal] ; analyzed IGF-I and
IGF binding protein 3 (IGFBP 3) at the time of diagnosis and following surgical remission over a
period of up to 3 yrs

Assessed: muscle strength by grip strength measurements using a hand grip dynamometer and
muscle mass by bio-impedance measurements
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-=- High IGF-I SD score
-= Intermediate IGF-I SD score
-~ Low IGF-I SD score

Findings . x
Individual serum IGF-I in the postoperative phase strongly predictive . ™
of long-term grip strength outcome (rs = 0.696, P < 0.001).

v’ Preoperative IGF-I during florid phase of CS did not predict long-

o
3

Normalized grip
strength (%)

o
term muscle function outcome (rs = 0.285, P = 0.127). -

v IGF-1/IGFBP 3 at 6 months correlated with normalized grip &N
strength after 1, 2 and 3 yrs as well as with lean body cell mass o e
after 2 and 3 yrs o s ofsormal el B e e et

v' Changes of individual IGF-1 SDS from the time of florid Do o e roups we s ccrding s 8

SDS at the time of 6 months after surgery (High IGF-1 SDS: IGF-I

hypercortisolism to 6 months after surgery also correlated with — sos>140-10 mermedate 01505: 681505 < 14 2na >

—0.4, n=9; Low IGF-I SDS: IGF-1 SDS < -0.4, n=10). n=29.
H i - - Comparisons were performed by Mann-Whitney-U-Test and
normalized grip strength at 3 yrs (rs = 0.493, P = 0.007)
muscle strength. Data are given as mean + s.em.; P < 0.05 was.
considered statistically significant. *P < 0.05 High IGF-1 SDS vs.
Low IGF-I SDS, #P < 0.05 3 years follow-up vs 6 months.
follow-up.

Postoperative IGF-I predicts

outcome of Cushing-associated Henl® Ex
myopathy
v’ Pts with high IGF-I s.d. scores (SDS; >1.4) > A 5
improvement in grip strength follow-up period !
(P=0.009) — Pts with lower IGF-1 SDS(<-0.4) = worse I I
) L . L o St
outcome with persisting muscle dysfunction Pol L
v’ Lower IGF-I concentrations 6-months after successful R
surgery ~ associated with a lower muscle mass (= lean Figure1 ,
(A) Relationship between IGF-I SDS 6 months after surgical
body Ce“ mass) after 3 yrs (rs = 0_404, P=0.033) cure of Cushing’s syndrome (CS) and age and gender corrected
grip strength (normalized grip strength, % of normal controls)
after 3 years in remission. Line indicates estimated linear
regression line. n= 29, Spearman’s coefficient 0.696,
R?=0.446, P < 0.001. (B) Relationship between IGF-I SDS
. . . 6 months after surgery and lean body cell mass as surrogate
Ll m ItatlonS for muscle mass measured by bio-impedance after 3 years in
remission. Line indicates estimated linear regression line.
v Sma” pts number n:ZB,Spearman'sco[efﬁcie;[O.;Oll, RZ:O,WEZS,P:O.OBSA

Conclusion Lower individual IGF-I concentrations 6 months after curative surgery for CS ~
adverse long-term myopathy outcome and IGF-I might be essential for muscle regeneration in
the early phase after correction of hypercortisolism

P i iy s 1,05 o 245 Wﬁll Context: Atrial ﬁbriIIat.ion (AF), cardiac .
Cincd RoerchAride 00k ¢ arrhythmias, related risk factors common in
pts with CS. Hypercortisolism may be

Clinical Research Article associated with AF, association not yet

Plasma Cortisol and Risk of Atrial Fibrillation: ascertained causally

A Mendelian Randomization Study Objective determine whether plasma cortisol is

Susanna C. Larsson,*Wei-Hsuan Lee,’ Stephen Burgess,** and Elias Allara® causaIIy ~ with AF using a 2-samp|e Mendelian
randomization (MR) design

Methods: 3 genetic variants in SERPINA1/SERPINAG locus; functionally associated with plasma
cortisol identified in CORtisol NETwork consortium (12597 participants). Summary-level genome-
wide association study (GWAS) data for associations between cortisol-associated variants and AF
obtained from GWAS meta-analysis 6 studies (60620 AF cases; 970216 noncases) and FinnGen
consortium (17325 AF cases; 97214 noncases). Fixed-effects inverse-variance weighted approach
accounting for genetic correlations between variants for analysis. Multivariable MR analyses:
assess potential mediating effects of SBP and waist circumference (WC) (for central obesity).
Summary-level GWAS data for SBP and WC obtained respectively from International Consortium
of BP (757601 participants) and Genetic Investigation of Anthropometric Traits consortium
(232101 participants).
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Table 1. Characteristics of the single nucleotide polymorphisms used to proxy plasma cortisol levels and their associations

with AF Results
memaniel  Arnevsmaaiic arimca v\ eta-analysis of results from 2 data sources,

SNP Chr Gene EA Beta(SE) P Beta SE P Beta SE P .
- _ - , — OR of AF per 1 SD ™ of plasma cortisol was
1512589136 14 SERPINA6 T 0.10(0.015)  33x10™ 0011 0008 175 0016 0020 418
11621961 14 SERPINA6 T -0.08(0013) 40x10%  —0017 0007 018 -0019 0017 272 0, H
©:2749527 14 SERPINAL T -0.08(0013) 52x10" 0021 0007 002 0024 0016 .143 1'20 (95A)CI 1'06_1'35) genEtlcaIIy
Abbreviations: AF, atrial fibrillation; Chr, chromosome; EA, effect allele; GWAS, genome-wide association study; SE, standard error; SNP, single nucleoride p red |Cted

polymorphism.

In e Nord-Tror

ag Health Study, deCODE, the

ke - Association attenuated when adjusting for
he age- and sex-adju plasma cortisol per additional

effect allle in 12 597 partiipants of European ancestcs. : genetica”y predicted SBP and WC (OR 099,
95%Cl 0.72-1.38)

U MR study first to utilize genetic variants associated with cortisol to examine causal association
with AF
U Genetic predisposition to higher plasma cortisol is associated with an 1 risk of AF

Limitations

v" Single-nucleotide polymorphism (SNPs) selected only explain 0.54% variation in morning
plasma cortisol

v' Only European cohorts — limits applicability to non-European populations

Strengths

v Compared with observational studies, MR is less prone to biases

v" Highlight potential relevance of hypercortisolemia to AF and provide mechanistic insight
into this association

Conclusion Evidence derived from the MR study suggests a positive association between
plasma cortisol and risk of AF, likely mediated through SBP and WC

4

AF monitoring in pts with CS + potential risk of AF caused by sustained hypercortisolemia in
general populations

D Li and others Fractures in adrenal adenomas 184:4 597-606 .
U Small studies reported 1 prevalence/

incidence of asymptomatic vertebral

Risk of b fract fter the di is of fractures: pts with NFAT/ adenomas MACS
ISk of bone fractures atter the dlagnosis o U Risk symptomatic fractures at vertebrae,

adrenal adenomas: a population-based cohort .4 .i other sites remains unknown
study

i it i 1 i 1 i2 i ingh!
Dingfeng Li", Ravinder Jeet Kaur', Catherine D Zhang', Andreas Ebbehoj?, Sumitabh Singh', Furopean journal of

Elizabeth ) Atkinson®, Sara ] Achenbach?®, Walter Rocca*>¢, Sundeep Khosla® and Endocrinology
Irina Bancos' (2021) 184, 597-606
1

Objective determine prevalence/ incidence symptomatic site-specific fractures in pts with
adrenal adenomas

Design Population-based cohort study, USA, 1995-2017
Methods Pts adrenal adenoma and age/sex -matched referent subjects. Pts overt hormone
excess excluded. Main outcomes measures: prevalence and incidence of bone fractures
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Results 1004 pts adrenal adenomas, 582 (58%) women, median

age diagnosis 63 yrs (20-96) A e
v' At diagnosis: pts higher prevalence previous fractures (any " 7

fracture: 47.9% vs 41.3%, P = 0.003, vertebral fracture: 6.4% vs . T
3.6%, P=0.004, combined osteoporotic sites: 16.6% vs 13.3%, :
P=0.04)

v Median follow-up 6.8 yrs (0-21.9). After adjusting for age, sex,
BMI, tobacco use, prior history of fracture, common causes of
secondary osteoporosis, pts with adenoma hazard ratio 1.27 :
(95%Cl: 1.07-1.52) developing new fracture during follow-up rigure 2

Cumulative incidence of new bone fractures. () Cumulative

v Cumulative incidence new fractures any site at 6 months after o o o L e e
. . . . the index date. After excluding participants who had fractures
index date higher pts with adenoma throughout passive prer o s staring pori. 163 patents i srenat sgerons |
follow-up (13.7% vs 8.8% at 5-year, 27.3% vs 18.4% at 10-year e e b e ot
P year, y
incidence of new bone fractures of any site in patients with
and 32.8% vs 31.8% at 15-year of follow-up, P=0.007) i sutnomeus coreas secreton (MACS) nen-fnctenine
secretion (AUCS). starting at 6 months following the index date.

v Using time to first fracture after index date as an eNAPOINt, PLS i coior i e fostore o oo

starting point. 42 patients with MACS, 78 patients with NFAT.

with adenoma demonstrated higher risk of fractures with a 21353 patients wth AUCS ertored the nalyst. The numbers
crude HR 1.4 (95%Cl: 1.2-1.7). e o e by a5 e s Aferce ben occh g

v No difference bisphosphonate therapy

Table2 Comparison of patients with adrenal adenoma and age and sex matched referent subjects. Data are presented as n (%)
or median (range).

Table4 Comparison of subgroups of patients with adrenal adenomas classified by cortisol secretion and age and sex matched fraeser Fatients (11000 Referent subjects (= 1009 T

referent subjects. Data are presented as n (%) or as %. Sex, female 582(58.0) 582 (58.0) 100

———— — —— — —— —— — Age atthe index date,” years 62.8(20.5-96.4) 62.7(205-95.5) 0.98

Patients  Referent Patients  Referent Patients  Referent Race, Caucasian 939(93.5) 045 (2.1 058
withAUCS  subjects with MACS ~ subjects with NFAT  subjects ost-secondary education 608 (62.6) 633 (69.0) 0.004]

Variable (0=782)  (1=782) Pvalue (n=81)  (n=81) Pvalue (1=141) (n=141) Pvalue Mi at the index date, kg/m? 299(103-81.0) 280 (16.7-602) <0.001

revalence of ractares before the index date! - obacco use prior to the index date 652 (70.1) 434(536) <0001

Prevalence of fractures before the index date' Years of medical record prior to the index date? 200(002-822) 395 (0.09-78.6) 046
Anyfracture 386(494) 329(421) 0004 36(444) 36(44) 100 50(418) 50(355) 027 Bone mineral density (EMD)

Hip fracture 27(35)  2026) 030 1(1.2) 0(0) 032 107 0@ 032 BMD available at the index date® 155(15.4) 113(11.3) -

Vertebral fracture o064 33(42) 006 6(F74 337 030 857 0(0) 0004 Bone mineral density at the index date ger®

Distal forearm fracture 7607 6988 054 674 (LY 042 12(85) 1285 1.00 | Femoral neck 08(06-1.3) 08(05-1.2) 003
Total hip 0.910,59-1.4) 09(05-13) 002

Any osteoporotic site 136(174) 112(143) 009 13(160) 10(123) 049 18(128) 12(83 0.5 Lumbar spine 11(0515) 1.0(07-1.6) 047

Historyofbisphosphonate ~ 80(102)  63(8) 014 6(.4) 78 077 535 867 03 prevalonce of fracture prior to the index date
therapy within 5 years prior W T EHGEE] %]
tothe index date Hip fracture 929 0) 19

Cumulative incidence of fractures, 10 years® Vertebral fracture 54 (6.4) .0 .004]
Any fracture 283 192 0008 303 141 013 200 158 0.9 Distal forearm fracture 4 (6.4 0 .76
Hipracture 2 23 0% 32 46 0% 13 5008 I Pa}:gntisﬁ?::\r:&[rysg?b\sphosphonate therapy within 5 ' ; 11961?] 1?? g;ﬁf] g% :
V?r‘tebra\ fracture 39 38 020 38 o 039 1.0 55 0.20 Jears prior to the index date
Distal forearm fracture 31 31 078 48 [ 0997 26 44 0.52 Duration of fallow-up. vears 68(0-21.9) 0-21.9
Any osteoporotic site 81 78 049 9.1 33 017 54 15 022 | Cumulative incidence of new fracture,* 10 years, %

Cumulative incidence of new 107 1.4 09% 136 09 009 121 7707 Any fracure 2 184 0.007]
bisphosphonate therapy, Hip fracture 26 27 0.84
10 years following the Vertebral fracture 35 36 033
index date Distal forearm fracture 32 3.0 063

—_— — — —— ——— Any osteoporotic ste 80 78 0.60
Cumulative incidence of new bisphosphonate therapy, 11 109 037

"Index date: diagnosis date or matched date; 2 Fractures are defined as new if they occurred after 6 months after the index date; subjects with a prior at 10 years following the index date, %

fracture at that site are not inciuded in the estimates

AUCS, adenoma with unknown cortisol secretion; MACS, mild riisol secretion; NFAT, non-functi adrenal tumor. "Index date: diagnosis date or matched date. *Available past medical records within the Rochester Epidemiology Project infrastructure prior to the index

date. After adjusting for age, BM, and sex, BMDs were similar between patients an referent subjects. BMD was avalable only for 155 patents and 113
eferent subjecs. *Fractures are defined a5 new i they occurred after § months after the index date; subjects with a prir fraciure at that sit are not
included in the estimate.
Limitations
v’ Results may not generalizable to other populations with different socioeconomic/ ethnic
characteristics

v’ Factors not captured as markers of bone metabolism, medications other than
biphosphonates or GCs, family history of osteoporosis, alcohol use

v’ Laboratory-confirmed MACS or NFAT relatively small sample size

Strengths

v First large population-based study from unselected community subjects with comparisons
to age and sex matched referent subjects

v' Highlight potential relevance of hypercortisolemia to AF and provide mechanistic insight
into this association

Conclusions

Pts with adrenal adenomas higher prevalence of fractures (any; vertebral; at combined
osteoporotic sites) at diagnosis and 1 27% risk develop new fractures compared to referent
subjects after adjusting for sex, age, BMI, tobacco use, prior history of fracture, common causes
of secondary osteoporosis.

Pts with adenomas: baseline hormonal workup and evaluation of bone health; receive
appropriate therapy and monitoring
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Clinical Research Article Context Adrenal tumors in noncancer
"8F-FDG-PET/CT Evaluation of Indeterminate pts common

Adrenal Masses in Noncancer Patients

Xin He," Elaine M. Caoili,’Anca M. Avram,® Barbra S. Miller,* and Tobias Else'

Objective Evaluate performance of 18F-fluorodeoxyglucose positron emission tomography
computed tomography (18F-FDG-PET/CT) in distinguishing between benign and malignant
adrenal tumors

Design Retrospective chart review 2010-2019 Setting Academic institution Pts 117 noncancer
pts, defined no history of cancer or with cancer in remission for >5 yrs, completed 18F-FDG-
PET/CT to evaluate adrenal masses, with pathologic diagnoses or imaging follow-up (=12 months)
Intervention 18F-FDG-PET/CT of 117 indeterminate adrenal masses Main Outcome Measures
Receiver operator curve (ROC) characteristic of ratios of adrenal lesion standardized uptake value
(SUV)max to liver SUVmean and of adrenal lesion SUVmax to aortic arch blood pool SUVmean
were constructed

Results 70 benign and 47 malignant masses (35
adrenocortical carcinomas [ACCs], 12 adrenal metastases)

Table 3. Imaging characteristics of benign versus malignant

tumors
‘/ Mal'gnant masses hlgher medlan Ilver SUV and bIOOd Imaging characteristic ~ Benign tumors Malignant P
pool SUV ratios than benign masses (6.2 and 7.4 vs 1.4 (T temor A7) vae
and 2 O P<0 001) Largest dimen- 4.5(0.7-17.9) 8.6 (2.2-19.3) <.001
.U, .

sion, cm, median

v Median liver and blood pool SUV ratios of ACC (6.1 and (range)

A Well-defined margins | 67/70 (96%) 35/47 (74%) .001
7.3, respectively) and metastases (6.7 and 7.7, (%)
. . Homogeneous (%) 10/70 (14%) 6/47 (13%) 1.000
respectively) higher (1.4 and 2.2, P<0.05 for all CT washout >60% (%) 144 (25%) 44 (100%) 143
. Calcifications (%) 2770 (39%)  12/47 (26%) 205
comparisons) Cyst/necrosis (%) | 35/70 (50%) 3547 (74%) 014
v Optimal liver SUV ratio to discern between benign and ~ Macrosopicar ) | 1670 23%) 267 (4%) 008
. A B L. Adrenal lesion 3.7(1.6-28.6) 13.3(2.3-70.8) <.001
malignant masses 2.5, yielding 85% sensitivity, 90% SUVmax, median
P . (range)
SpECIfICIty; 7 false negative results (3 ACCS) Liver SUV ratio,me- | 1.4(0.6-18.1) 62 (0.9-30.0) <.001
. . . . o dian (range)
‘/ Optlmal b|00d pOOI SUV ratlo 34’ yIEIdIng 831) PET-CT positive based ~ 7/70 (10%) 40/47 (85%) <.001
sensitivity, 90% specificity, 8 false negative results (4 o ';V(i;)swm
>L.. 0
ACCS) Blood pool SUV ratio, 2.0(1.2-21.2) 7.4(1.2-39.1) <.001
. . ey median (range)
v 10% benlgn lesions 18F-FDG-PET positive; 15% Blood pool SUV ratio | 7/70 (10%) 3947 (83%)  <.001
malignant lesions 18F-FDG-PET negative P

Liver SUV ratio, adrenal lesion SUVmax to liver SUVmean ratio. Blood pool
ratio, adrenal lesion SUVmax to blood pool SUVmean ratio

Table 4. Imaging of adenomas versus carcinomas and metastases

Imaging characteristic Adrenocortical Adrenocortical P Adrenal metastases P

adenoma (n = 36) carcinoma (n = 35) value n=12) value

Largest dimension (cm) 46(07-9.7) 15(22:19.3) <001 46(3.6111) 156
Well-defined margins (%) 36136 (100%) <001 1012 (83%) 059
1.000
400
934
003
00
<001

Figure 3. Dot plot of adrenal lesion SUVmax to liver SUVmean ratio.

Calcifications

Cysthnecross (

117 patients, 117 tumars Laccoscopic G (%
induded in study Adrenal lesion SUVmax, 4.0 (1.6-28.6)

median (range)
Liver SUV ratio, median 1.4(1.0-18.1) 6.1(1.3-3.1) <001 6.7(.9-2.3) 007
(range)

PET- a 0/36 (14% 235 (91% 0 2(67%) K
47 F-FDG-PET/CT positve 70 FDGPETICT negatve uTcr:as\‘fm basedon. 1036 (14%) 32135 (91%) <001 812 (6 001
(Liver SUV ratio >2.5) (Liver SUV ratio <2.5) liver SUV ratio >2.5 (%)

Blood pool SUV ratio, me- 22(12-212) 7.3(1.5-39.1) <001 7.7(12:27.4) 013
dian (range)

Blood pool SUV ratio >3.4 5136 (14%) 31135 (89%) <001 812 (67%) 001
(%)

7 with banign patholngy: 40 malignant tumars
+ 5adenomas, all nonfunctional + 32ACC

7 malignant tumors:
.+ 3ACC
+ 1pheochromocytoma * 5 lung cancer metastases

+ 2 renal call carcinoma

T gt | |1 e e ) LT oo Limitations
production 7"";‘:&0“ 49 with benign pathology: 14 benign based r‘n‘elaslass ot / . .
N - adenomas ‘on stability on . lung cancer metastasis

T Somgtonaonas megngor Retrospective design

L Strengths:

+  1pheochromocytoma

D fcemee, v’ Larger number of pts
histiocytosis. g p 7

Figure 4. "®F-FDG-PET/CT results and tumor diagnoses. Wlth deflnltlve dlagnOSIS

and higher proportion of
uncommon masses

Conclusion When used in conjunction with other clinical assessments, 18F-FDG-PET/CT valuable
tool in evaluating adrenal masses in noncancer pts
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Endocrine-Related | sraillotetal. Genomics of benign 281 79-95
Cancer adrenocortical lesions

RESEARCH Benign adrenal tumors cover a spectrum of

Genomic classification of benign lesions with distinct morphology and steroid

adrenocortical lesions secretion. Current classification is empirical.
Beyond a few driver mutations

Simon Faillot!, Thomas Foulonneau', Mario Néou', Stéphanie Espiard’, Simon Garinet', Anna Vaczlavik', . .

Anne Jouinot!, Windy Rondof, Amandine Septier', Ludivine Drougat", Karine Hécale-Perlemoine?, pathophysmlogy IS not We“ Understood.

Bruno Ragazzon', Marthe Rizk-Rabin’, Mathilde Sibony'2, Fidéline B t-Serrano’34, Jean hets,

Rosella Libé'3, Lionel Groussin'3, Bertrand Doussets, Aurélien de Reyniéss, Jérome Bertherat'3 and
Guillaume Assié'3

Aim Provide first unbiased molecular classification, using series of pangenomic
characterization including transcriptome, miRNome, methylome, mutations, chromosomal
alterations in cohort including all types of benign adrenocortical tumors

U Benign adrenocortical tumors (146) analyzed by transcriptome, methylome, miRNome,
chromosomal alterations, mutational status, using expression arrays, methylation arrays,
miRNA sequencing, SNP arrays, exome or targeted next-generation sequencing respectively.
Pathological and hormonal data collected

U By combining omics approaches, specific subclasses identified, each related to specific
molecular signature, reflecting specific pathophysiological alterations

Results females (81%); median age 46 (11-78); median adrenocortical adenoma (ACA) size 3.4

cm (1.1-8)

v Pangenomic analysis — 4 distinct molecular categories: 1) tumors responsible for overt CS,
gathering distinct tumor types, sharing a common cAMP/PKA pathway activation by distinct
mechanisms; 2) MACS and NFAT, associated with B-catenin mutations; 3) primary
macronodular hyperplasia with ARMC5 mutations (ovarian expression signature); 4)
aldosterone-producing ACA, apart from other benign tumors

v’ Epigenetic alterations and steroidogenesis seem associated, including CpG island
hypomethylation in tumors with no or mild cortisol secretion, miRNA patterns defining
specific molecular groups, direct regulation of steroidogenic enzyme expression by
methylation

v" Chromosomal alterations and somatic mutations are subclonal, found in less than 2/3 of cells

v New pathophysiological insights (distinct molecular signatures) — difference between MAC
and overt CS; ARMCS5 implication into the adreno-gonadal differentiation faith; subclonal
nature of driver alterations in benign tumors: future research

Limitations

v Molecular exploration of aldosterone-producing ACA is limited

v’ Steroid profiling is limited to immunologic assays

v’ Secretion data available not fully available for all pts

v Genomic classification of samples not performed with the 5 techniques -transcriptome,
mirNome, methylome, SNP array and DNA sequencing for all samples, mainly due to limited
availability of good quality DNA or RNA

v Genomic explorations at the bulk tumor level, not precisely addressing tissue heterogeneity

This 1st genomic classification provides a large amount of data as a starting point
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ersonalized
Medicine MD\Py .
Relevant issue on the treatment of

Article . . . .
What Is the Optimal Duration of Adjuvant Mitotane Therapy in AC.C' optimal duration of adjuvant
mitotane (M) treatment

Adrenocortical Carcinoma? An Unanswered Question

Vittoria Basile """, Soraya Puglisi "**(), Barbara Altieri 27, Letizia Canu *®, Rossella Libe * Filippo Ceccato ®,
Felix Beuschlein 7, Marcus Quinkler ®, Anna Calabrese ', Paola Perotti !, Paola Berchialla °,

Ulrich Dischinger , Felix Megerle %, Eric Baudin *, Isabelle Bourdeau ', André Lacroix 1!, Paola Loli 12,
Alfredo Berruti @, Darko Kastelan 4, Harm R. Haak 316, Martin Fassnacht 17 and Massimo Terzolo ¥

Question whether a correlation exists between the duration of adjuvant mitotane treatment
and recurrence-free survival (RFS) of patients with ACC

Methods A multicenter retrospective analysis; 154 ACC pts treated for 12 months with adjuvant
M after radical surgery and free of disease at the M stop

Results Median follow-up 38 months, 19 pts (12.3%) experienced recurrence

o We calculated Recurrence-free survival (RFS) after M (RFSAM), from the landmark time-point

of M discontinuation, to overcome immortal time bias

o Wide variability duration adjuvant M treatment among different centers and among pts
cared for at the same center— heterogeneous practice

o No survival advantage in pts treated for longer than 24 months

o Relationship between treatment duration and frequency of ACC recurrence not linear after
stratifying our pts in tertiles of length of adjuvant treatment

o Duration adjuvant M only statistically significant factor associated with RFS (HR 0.549, 95% Cl
0.306-0.983; p=0.044): hazard ratio (HR) calculated on 18 months in duration of therapy —
18 months increase of adjuvant M therapy duration ~45% | hazard RFS

Table 4. Univariate analysis of predictive factors for recurrence-free survival (RFS).

Univariate Analysis Diff HR 95% CI 4 ]\\'._.._.__
Duration of mitotane therapy * 1.302 0.509 3.334 0.58 s
g R status 0.722 0.208 2.503 0.61 z
1 * Hormone secretion 1.441 0.571 3.640 0.44 [
*© Stage 0.917 0.272 2.526 0.87 E
* Tumor size 7.925 0.942 0.514 1.727 0.85 o
* Weiss 2.000 1.589 0.861 2932 0.14 | peom ,
* Ki67% 15.000 0.805 0.426 1.521 0.50 -
* at diagnosis; Reference categories: * patients treated with mitotane <27 months, ¥ Secreting tumors, © Stage 11, = 5 I
SRX. '

Table 5. Univariate analysis of predictive factors for recurrence free survival after adjuvant mitotane
discontinuation (RFSAM).

=y
Univariate Analysis Diff HR 95% CI » e
Duration of mitotane therapy * 0.894 0.354 2.257 0.812 £
§ R status 0.843 0.243 2924 0.788 [
# * Hormone secretion 1.357 0.543 3.391 0.513 g
*© Stage 1118 0.342 2,993 0.838
* Tumor size 7.925 0.977 0.532 1792 0.939 % s
[ Weiss 2.000 1.766 0.957 3.260 0.069_]
* Ki67% 15.000 0.820 0.442 1521 0.529 =

Figure 2. Kapla rrence-free survival (RFS) in patients treated <24 months

*at diagnosis; Reference categories: * patients treated with mitotane <27 months, i Secreting tumors, © Stage 11,
§

Limitations Retrospective study
Conclusion Present findings no support: extending adjuvant M treatment >2 yrs beneficial for
ACC pts with low to moderate risk of recurrence
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T enloparsiemtoss Context European/ French guidelines
o ENSAT stage IV low tumor burden or

indolent ACC - combination M +

locoregional treatments (LRT) as first-

line treatment

Benefit LRT + M never evaluated in this

selected group of pts

Clinical Research Article

Clinical Research Article

Combination of Mitotane and Locoregional
Treatments in Low-Volume Metastatic
Adrenocortical Carcinoma

Alice Boileve,"* Elise Mathy,"* Charles Roux,”> Matthieu Faron,’
Julien Hadoux,' Lambros Tselikas,? Abir Al Ghuzlan,* Ségoléne Hescot,’
Sophie  Leboulleux,” Thiemry de Baere,? Livia Lamartina,’
Frédéric Deschamps.? and Eric Baudin’

Objective evaluate therapeutic strategy LRT + M pts with low tumor burden stage IVA ACC.

Methods Retrospective chart review 2003-2018 pts stage IV ACC (= 2 or < tumoral organs)
received M Primary end point Delay between M initiation and 1st systemic chemotherapy.
Secondary end points Progression-free survival (PFS) and overall survival (OS) from M initiation.
Adjusted analyses performed on the main prognostic factors

Results 79 pts; 48 (61%) female; median age at stage IVA diagnosis 49.8 yrs (IQR, 38.8-60.0)

Metastatic sites lungs (76%); liver (48%)

» 58 (73%) pts received LRT including adrenal bed radiotherapy (14 pts, 18%), surgery (37 pts,
47%), and/or interventional radiology (35 pts, 44%)

» Surgery: locoregional relapse (23, 29%), hepatic (6, 8%), pulmonary (8, 10%), rarely, bone or
nodes metastatic sites (3)

» Interventional radiology treatments: transcatheter arterial chemoembolization (20, 25%),
radiofrequency ablation (18, 23%), cryoablation (7, 9%), microwave ablation (5, 6%).

» Treated sites: liver (22, 28%), lung (15, 19%), bone (2, 3%), other (2, 3%)

Type of treatment

19 24% 19 100% -
60 76% - 60 100%
14 18% - 14 23%
34 43% - 34 57%
25 32% - 25 42%
Hepatic 9 11% - 9 15%
Pulmonary 8 10% - 8 13%
Orther 3 4% - 3 5%
Variables (n,%) All patients Mitotane only LRT + mitotane
(n=79) (n=19) (n=60)
Interventional radiology 35 44% - 35 58%
Cryotherapy 7 9% - 7 12%
Chemoembolization 20 25% - 20 33%
Radiofrequency 18 23% - 18 30%
Microwaves N 6% - 5 8%

Results Median time between M initiation and 1st chemotherapy 9 months (IQR, 4-18 months):
M (6 months; IQR, 2-10 months) vs M+LRT (11 months; IQR, 4-30 months) (P =.02)

Variable All patients (n=79) Mitotane only (n=19) LRT + mitotane (n = 60)
Mitotanemia > 14 mg/L 46 58% 10 53% 36 60%
Chemotherapy 53 67% 18 95 %" 35 68%"
< 3 mo after stage IVA diagnosis 4 5% 2 11% 2 3%
< 6 mo after stage VA diagnosis 18 23% 10 53%*° 7 12%°
Complete remission 10 13% 0 0% 10 17%
Death 49 62% 17 89%* 32 53%°
Median follow-up, mo 108 83-165 83 83-NR 108 82-172

» Median PFS1 (1st tumor-progression) 6.0 months (95% Cl, 4.5-8.6): M+LRT (6.8 months; 95%
Cl, 5.0-13) vs M (3.3 months; 95%Cl, 2.2-8.0) (HR = 0.39; 95%Cl, 0.22-0.68), P = .001)

» Median PFS2 (2nd progression) 19 months (95% Cl, 15-23): M+LRT (21 months; 95%ClI,

» 18-37) vs M (10 months; 95%Cl, 6.8-22) (HR = 0.35; 95%Cl, 0.20-0.63)

» Median 0S 46 months(95%Cl, 41-68): M (22 months; 95%Cl, 14-41) vs M+LRT (68 months;
95% Cl, 46-153) with HR = 0.27; 95%Cl, 0.14-0.50) (P < .001)

> 1-year, 2-year, 5-year survival probabilities 90% (95%Cl, 83%-97%), 72% (95%Cl, 62%-83%),
38% (95%Cl, 28%-53%) respectively.

» PFS1, PFS2, OS longer M+LRT vs M (HR = 0.39; 95%Cl, 0.22-0.68; HR = 0.35; 95% Cl, 0.20-0.63;
HR =0.27; 95% Cl, 0.14-0.50, respectively).

» The later chemotherapy introduced, the better OS, HR 0.95 (95%Cl, 0.93-0-97, P <.001)
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%) achieved I
10 pts (13%) achieved a complete Toble & Supplmentr distod ndlses o prognestftrs o overalsuriva =7
res po nse (C R) Wlt h ame d | an num be r Of Variables Categories Multivariate HR (95 C1%) Multivariate P
Model 1
2.8 curative procedures, all M+ LRT e s om0 <o
. ’ N
Tumor grade nd Ki67 % <20 (rcf) 20 (0.91-4.41) 085
Table 3. Characteristics of patients in complete remission (n = 10) Weiss > 6 and/or Ki67 % > 20
Resection status RO (ref) 0.86 (0.46-1.49) 6
Variable R1,R2, Rx
Age at stage IVA diagnosis (median, rang, y 394 22487 Age,y <30 (ref) 0.6(032-1.12) e
Tumor ENSAT stage at initial ACC diagnosis (n,%) 250
B W Secreting tumor No (ref) 0.38(0.39-0.77) 007
3 30% Yes
| e No. of metastases <5 (ref) 112(0.57-2.21) 8
8 0% =5
4 40% Model 2
N S0 Group Mitotane (ref) 0.18 (0.08-0.40) <001
o . Mitotane + LRT
. B w Tumor grade Weiss < 6 and Ki67 % <20 (ref) 2,02 (0.90-4.52) 089
2 4 0 Weiss > 6 and/or Ki67 % 220
Resection status RO (ref) 0.85 (0.46-1.56) .6
s RI,R2,Rx
Long N Age,y <50 reh 0.59 (0.31-1.10) 1
Local relapse 3 250
Nodes ] Secreting tumor No (ref) 0.39(0.19-0.78) 008
Type of LRT (n = 10) Yes )
Lodge radiotherapy 1 No. of metastatic organs ; (ref) 1.08 (0.55-2.11) 8

1 4

Hepatic 3

Pulmonary 2

Other 1
No. of locoregional gestures (mean, range) 28
Mitotanemia > 14 mg/dL
Chemotherapy 2 20%

<6 mo after stage IVA diagnosis 0 0%
Limitations:

v Monocentric and retrospective study

v’ Pts heterogeneous regarding clinical characteristics fewer patients in the M

Strengths:

v’ Largest cohort reported to date and have adjusted our analysis for all known prognostic
factors

v Well-characterized LTB stage IVA pts — clear definition of the population under study

Conclusion

Our results endorse European and French guidelines for stage IV ACC with 2 or fewer tumor
organs and favor the combination of M and LRT as 1st-line treatment

For the first time, a significant number of CRs observed

[y
The Journal of Clinical Endocrinology & Metabolism, 2021, Viol. 106, No. 5, e2087-e2095 -‘
do|:10.‘121!)/clmem/dgah.047 ENDOCRINE
Clinical Research Article SOCEETY

Context Current clinical guidelines
suggest that adrenal venous sampling
(AVS) may not be mandatory in young
Adrenal Venous Sampling in Young Patients patients with primary aldosteronism
with Primary Aldosteronism. Extravagance or (PA) and a solitary adrenal adenoma
Irreplaceable? on imaging

Eleftheria Gkaniatsa,"? Augustinas Sakinis,’ Magnus Palmér®
Andreas Muth,* Penelope Trimpou,’? and Oskar Ragnarsson'?

Clinical Research Article

Objective Elucidate whether conventional imaging alone is sufficient to distinguish unilateral
from bilateral PA among patients aged 40 yrs or younger

Methods Retrospective study; 45 pts with PA, aged between 26 and 40 yrs, successful AVS

between 2005 — 2019.

* Results concerning laterality on imaging studies and AVS recorded

* Qutcome in surgically treated pts assessed according to the Primary Aldosteronism Surgical
Outcomes criteria
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Table 2. Summary of patients with discordant lateralization rasults on imaging, AVS patients with inconclusive lateralization

o, ot i oot i Results 45 pts (34 women) 26-40 yrs; 16/45 pts were 35
o - yrs or younger

Gender tation (g/d:

5o o memawe oa we s owee ¥ According to AVS, 25 pts unilateral PA; 4/25 pts

m ?‘ ) ::“““m_? W unilateral aldosterone production according to AVS,
T T N Clinaccurately suggested bilateal disease

S ——— t \' ﬁl:-: , - Following unilateral adrenalectomy: showed
T <, Sy A con complete clinical success.

v’ 5/20 pts with bilateral aldosterone production

. B according to AVS solitary adrenal nodule (8-19 mm)
on imaging; 2 pts with normal adrenal glands and
pmi w2 om AVS-verified unilateral aldosterone production; 2 pts

& 3F 18 4 < A ADXAL  Complte  Compiete Adeno

with bilateral adenoma and AVS-verified unilateral

T o OIE aldosterone production

G oo dem ww eee oo v 2[5 pts treated with unilateral adrenalectomy,

Lo eRm R S LSS pilateral aldosterone production AVS neither

¢ s oG i x complete biochemical and/or clinical success postop
B BSOS G G v 2/16 pts <35 yrs discordant results, 1 unilateral and 1
; ———— = bjlateral aldosterone production, according to AVS
Limitations

v’ Retrospective design

v' Pts heterogeneous regarding clinical characteristics fewer pts in the M

Strengths

v’ The 1st study evaluated inter-reader agreement of imaging studies in pts with PA

Table 3. Summary of discordant cases comparing lateralization according to AVS and different reading performance

No Ages Radi = nssides Mlogical finding/side/ Radiological finding/side/
Gender size (mm) original report size (n re-evaluation #1 size (n re-evaluation #2

Patients with discordant AVS and imaging res 3 radiological repor(s

o 36/F Adenoma/L/8 Adenoma/L/9 Adenoma/L/9

7 337K @ Adcnoma/R/19 Adenoma/R/17 Adenoma/R/17

13 37/F Bilatcral Adenoma/L/14 Adenoma/L/13 Adenoma/L/13

28 40/M Bilateral Adenoma/L/12 Adenoma/L/15 Adenoma/L/18

45 40/F Unilateral/L. Adenoma/Bil/10, 7 Adenoma/Bil/13, 11 Adenoma/Bil/2, 8

Patients with discordant AVS and imaging results from at least 1 radiological report

34 i al/L. Adenoma/L/11 Normal

32 3AF Normal

18 397K srn

1s 38/M AdenomarBils 22,17 Adenoma/Bil/ 22,17

23 40/m AdenomasR/10 Enlarged/il

43 37/™M Bilateral Cnlarged/R Small nodule/R/7 Small nodule/R/7

21 39/M Bilatcral Enlarged/Bil Normal Normal

19 39m Bilateral Small nodules/Bil/S, 7 Small nodule/R/S Tnlarged/R.

Conclusion Imaging studies inaccurately predicted laterality in young pts with PA. In contrast
to current clinical guidelines, our results support AVS for subtype evaluation in young adults
with PA, including pts 35 yrs or younger

[\ |
[N
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memenimies Rl Context Adrenal gland imaging is recommended by
the current guidelines for the workup of PA.

Diagnostic performance not been established in

large, multiethnic cohorts: AVS + adrenalectomy.

Clinical Research Article

Identification of Surgically Curable Primary
Aldosteronism by Imaging in a Large,
Multiethnic International Study

Gian Paolo Rossi,’ Filippo Crimi,? Gi Rossitto," L Amar,** . . . .

Michel Azizi,** Anna Riester’ Martin Reincke,® Christoph Degenhart,® Objectlve: ASSGSS dlagnOStIC accu racy Of Cross-
Jiri Widimsky,® Mitsuhide Naruse,” Jaap Deinum,® Leo Schultze Kool,® . . .

Tomaz Kocjan,""" Aurelio Negro,”” Ermanno Rossi,” Gregory Kline,™ Sectlonal adrenal Imaglng

Akiyo Tanabe, Fumitoshi Satoh,’® Lars Christian Rump,’®

Oliver Vonend,"® Holger S. Willenberg,17 Peter J. Fuller,”*"® Jun Yamg."”g‘20

Nicholas Yong Nian Chee,'® Steven B. Magill,?' Zulfiya Shafigullina,?

Marcus Quinkler,”® Anna Oliveras,” Vin Cent Wu,”® Zuzana Kratka,®

Giulio Barbiero,? Teresa Maria Seccia,' and Michele Battistel”

Methods: AVS International Study (AVIS-2). International multicenter study; tertiary referral
centers (19: North America, Europe, Asia, Australia). 1625 PA pts seeking surgical cure. 1311
(81%) imaging data; 369 (23%), received final diagnosis of surgically cured unilateral PA. Pts
underwent AVS and imaging by CT and/or MRI. Accuracy of detection of unilateral PA at imaging
estimated by the AUC ROC using cure (biochemical and/or full clinical success) as the reference
at follow-up after unilateral adrenalectomy; 558 prospectively 2013—2015; 1067
retrospectively 2012 — 2000
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. . . . . Table 2. Concordance between imaging findings and final ReSUItS
Results 1311 pts with imaging data available; 1142 pts diagnosis of unilateral primary aldosteronism (PA) » Pts with absent hormonal cure longer duration of arterial hypertension pre-op and lower
(87%) underwent only CT, 101 (8%) only MR, 68 (5%) both : T ST .
Cross-sectional Final diagnosis, No- (%) lateralization index of aldosterone production
CT/MR osine Righ Lefe unilateral  Total > 10 pts, APAs expressing CYP11B2
. . . 18 t eft unilateral otal
O 34% and 7% showed no detectable or bilateral nodules, ~ dizensis unilateral PA A p‘ ! ‘p ) & i . . , .
. No., % » No difference in histological and morphological characteristics between pts with or without
reSpeCtIVEIy Right nodul 83(22.5%) 6 (1.6%) 89 (24.1%) h |
] . . . ight nodule 5% 6% 1% a hormonal cure
U Imaging did not detect the culprit adrenal in 28% of Left nodule 15(41%) 183 (49.6%) 198 (53.7%) . . . . . e -
sureically cured unilateral PA pts Bilateral nodules 8 (2.2%) 719%) 15 (41%) » Somatic mutations in APA driver genes identified in all CYP11B2 positive APAs
glcally P No nodules 26(71%)  41(1L1%)  67(18.2%) » CACNA1D mutations = most frequent genetic abnormality (60%) without vs KCNJ5
Total 132 (35.8%) 237 (64.2%) 369 (100.0%) t t (38 4(y) th h |
. . . . o mutations (38.4%) with hormonal cure
U Nodule size ~ highest diagnostic accuracy 16 mm (95%Cl, 12.0-21.0 mm), specificity 82%
(95%Cl, 64%'93%), low SenSitiVity 43% (95%C|, 37%‘48%) Table 3 Genetic analysis of CYP11B2 positive APAs from PA patients without biochemical success after adrenalectomy.
Q 2% no improvement BP control with unilateral adrenalectomy; 39% ot s T e SRR Ienng ConemuniNS TR e e
. . P 3 Mitdly improved BN Not improved - - - [ > p.Gly rg
cured of arterial hypertension; 44% marked; 14% mild improvement g S 2 CACNATD - - e PATE990Gly
f  Chisauare-0057;p- 811 - - - c. > p.Gly: rg
4 - KCNJ5 1044 28% c.451G>C p.Gly151Arg
U Clinical outcome not differ between the imaging-positive and : CACNATD achATD - o CHITEA g-gfy'lggi‘r‘gp
imaging-negative pts 9 - KCNy5 1044 28% C451G>C p.Gly151Arg
10 - ATP1AT 625 17%  c311T>G p.Leu104Arg
" 11 - CACNATD 1871 33%  c.3458T>A p.vVal1153Asn
Imaging + Imaging - 12 - CACNATD 646 27%  .2968C>G p.Arg990Gly

s th

of blood pre:

Figure 4. The graph

NGS, next generation sequencing; VAF, variant allele frequency. KCN/5 (NM_000890), ATP1A7 (NM_000701), CACNATD (NM_001128839.2 and NM_000720).

adr
+) and those

Table 2 Histological characteristics of adrenals from non-cured PA patients.

CYP11B2 expression CYP11B1 expression
Patient CYP11B2* adenoma size (mm) APCC (1) ZG hyperplasia (% of posm\re cells)* (% of poswli:e cells)
1 25 0 Y 1 2
2 7 0 Y 3
Limitations 3 8 0 v 3 1
L. ) 4 1 3 Y 1 1
v" Selected cohort of PA pts comprising the most florid PA phenotypes 5 5 0 ¥ 1 2
6% No 3 Y - -
Strengths 7w No 2 N ; i,
o . . . . . 8 10 3 N 2 1
v' Snapshot of real-world clinical practice on imaging in PA 9 14 2 N 3 1
10 10 4 N 2 1
v’ Large dataset of PA pts carefully subtyped by AVS and evaluated after surgery 11 15 1 v 3 1
v" Use of a conclusive diagnosis of unilateral disease as a gold-standard reference z i : N : !
*Micronodular hyperplasia not expressing CYP11B2; **Nodule 12 mm not expressing CYP11B2; *1: 1-33%; 2: 34-66%; 3: 67-100%.
APCC, aldosterone-producing cell clusters; N, no; Y, yes; ZG, zona glomerulosa.
Limitations
Conclusion v Small number studied

Cross-sectional imaging did not identify a lateralized cause of disease in 40% of PA pts and

failed to identify the culprit adrenal in more than % pts with unilateral PA Conclusions Pts partial and absent biochemical cure diagnosed later and lower lateralization
index of aldosterone production, suggesting asymmetric aldosterone production BAH. Somatic
mutations in adrenal glands — common mechanisms underlying BAH and APA

| Hacini and others Somatic mutations in non cured 1853 405-412 Endocrine (2021) 73:682-692
PA patients https://doi.org/10.1007/512020-021-02745-7
PA: most common form of secondary and curable

ORIGINAL ARTICLE

. ions in ad Is f . hypertension. Different germline and somatic 2 pa: under-diagnosed disease
\slv‘:::la;:flral:;a;::I;:::r:n:‘se:lan:)tr:un:e%a:f:::s mutations found in aldosterone-producing Development and validation of a novel diagnostic nomogram model
X adenoma (APA) and familial forms: causes of to predict primary aldosteronism in patients with hypertension
adrenalectomy suggest common pathogenic ( ) . ! , X f . v
Meng-hui Wang' - Nan-fang Li®»' - Qin Luo’ - Guo-liang Wang' - Mulalibieke Heizhati' - Ling Wang' - Lei Wang'
mechanisms between unilateral and bilateral Pilateral adrenal hyperplasia (BAH) remain largely Vet Zhangt o HEa ot 9 an e tang
disease unknown. Adrenalectomy = recommended
Inas Hacini", Kelly De Sousa’, Sheerazed Boulkroun', Tchao Meatchi'?, (Zi&i’i}fﬁl;ﬁ;’é"w o treatment for pts with APA, 6% of ptS not
Laurence Amar'?, Maria-Christina Zennaro'4 and Fabio L Fernandes-Rosa"" (2021) 185, 405-412 . . L. . .
cured— after surgery suggesting BAH Purpose Develop and validate novel clinical nomogram to predict PA based on routine

biochemical variables including new ones, calcium phosphorus product.

Objective Analyze clinical data pts with APA without biochemical success after adrenalectomy as

well as the histological and genetic characteristics of their adrenal glands ) ) o ) o
Methods 806 pts with hypertension randomly divided into 70% (564) as the training set and

30% (242) as the validation set. Predictors for PA extracted to construct a nomogram model
based on regression analysis of the training set. An internal validation was performed to assess

Design and methods Clinical data 12 pts partial and absent biochemical cure compared to 39 PA the nomogram model’s discrimination and consistency using the AUC for ROC and calibration
pts with hormonal cure after surgery. Histological, morphological, genetic characterization of plots. The diagnostic accuracy compared between nomogram and other known prediction
adrenals carried out by CYP11B2 and CYP11B1 immunostaining and by CYP11B2-guided NGS models, using ROC and decision curve analyses (DCA)
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|

Results Female gender, serum potassium, serum calcium-phosphorus product, urine pH adopted i e

as predictors in the nomogram. el Resesrc Aricle— SOCETY

Clinical higher SBP (p=0.007), lower serum UA (p=0.004), lower serum K (p<0.001), Bac!(groynd . .

characteristics  lower serum Ca(p=0.009), P (p=0.002), lower Ca-P product (p<0.001), higher Clinical Research Article v Historically con5|dered' T mortality for Al

pts with PA vs urinary pH level (p<0.001), more frequent hypokalemia (40.2 vs. 14.0%, Increased Mortality Risk in Patients With v but v;:nr@tched r:janonalddataAl PA|
non-PA p<0.001), more hyperglycemia (14.0 vs. 7.9%, p=0.046) Primary and Secondary Adrenal Insufficiency E'Zsl)vircorzrlmary and secondary Al (PAI,
. - 12 1 1

Pred|ctor§ and formula for calculate score (Intercept = 3.06540): - 0.13817x gender (male = 0) JK:rr::::;n?:oy,gaX::Zvnin’MajeD::,T?ll:;ni(fzr Jl((Jh '33?:{,5 Ilz\’llilckﬁoﬁ\?:;la::;i ¥ adrenal crisis (AC) role?

construction of - _g 50065 x serum UA (mmol/L) - 1.26281 x serum K (mmol/L) - 0.24111x Stephen Robinson’

nomogram serum Ca-P product (mmol/L)2 + 0.19022 x urinary PH Objective Compare mortality risk and causes of death in Al with individually matched reference

model 8 — = population.

57;:1 R . _ A Methods: Retrospective cohort study - UK general practitioner database (CPRD). 6821 Al (PAI
reEression ANAIYSER Of SepAIC ;’“‘w:)ls/‘w"l e TR e — 2052; SAI 3948) vs 67564 individually-matched controls (PAI, 20366; SAI, 39134) [1987-2017];
Do model (e oo oo — 1 e o o5 1000 25 o090 o6 1o oo 0.000 3547 pts (1015 PAI& 2136 SAl) vs. 34944 matched controls (10025 for PAI; 20991 for SAl) cause

) o e o oros 000 of death/ hospital admission [1997-2017]. Main outcomes, all-cause/ cause-specific mortality,
S oy produetImmolIT e 0T @ 0% 00 e e e hospital admission from AC. Exclusion: Acromegaly, Cushing disease, CS, congenital adrenal
Intercept 42 683 (1.6-2997.3)  0.029 3.5 339 (1.0-11387)  0.049 hyperplasia (CAH), malignancy of the adrenal or pituitary glands

Probability (PA) — 141 + exp(—(3.52464 + 0.63720 x gender (female — 1, male — 0) —1.63888 x serum
potassium (mmol/L) —0.64348 x serum Ca-P product (mmol/L)” 4+ 0.41799 x urinary PH)))

Ca-P product calcium-phosphorus product, C7 confidence interval. OR odds ratio. ’A primary aldosteronism

Table 4 Sensitivity, specificity, accuracy, positiv redictive value, . H H
and negative predintive walue Tor the PA. probability calculator in the Results: With follow-up of 40799 and 406899 person-years for pts and controls respectively, HR
combined set Iabes Comprsn e T [95% CI] for all-cause mortality 1.68 [1.58-1.77]. HRs greater in PAI (1.83 [1.66-2.02]) than SAI
ability " i curacy nomogram model and other c ) 68

Do o e T Do VTV R L " " v (1.52 [1.40-1.64]) vs controls and PAI vs SAI (1.16 [1.03-1.30])
210% 0.90 0.30 0.20 0.41 0.24 0.92 95% CI upper 6 6 2 . . . . .
S 050 s 007 i o oor o ol e oK< asmlL o v pbiy 1 i PAI: HR Thoth in pts taking GCs + mineralocorticoid (MCs) (HR 1.66 [1.47-1.88]) vs. GCs alone (HR
>18% 070 060 030 062 030 089 sy e ot i 2.37[1.99-2.82])

o Yorden index 025 031 0.23 . . . .
ZZ;f 322 321 221 2: 223 g:ﬁ e e i o o The highest all-cause mortality rate in pts during the 1st year follow-up (Al, 53.2 [95% Cl, 47.8-
>27% .5 .83 .33 . .42 0. Positive predictive value 42 33 26 .
230% 040 0.87 027 078 043 086 Neguivoprcive e 033 o os 59.2]; for PAI, 58.3 [48.4-70.3]; for SAI, 44.0 [37.7-51.3] / 1000 person-years, respectively)
=34% 030091021 079 0.45 084 et lditiond st 070 o o significantly higher vs controls. Mortality rates declined over time; similar to controls after 15 yrs
>42% 0.20 097 0.17 0.82 0.60 0.83 P’;':‘\:::”“"""' ;;mm :
>49% 0.10 099 0.08 0.81 0.63 0.82 - 0.064

B Adrenal insufficiency

Bold entries indicate that themodel’s diagnostic PA reaches 90% and
60% of the model’s probability cut value, respectively +

® Conirols

NPV negative predictive value, PPV positive predictive value, Sen

sensitivity, Spe specificity g . \+:“
The nomogram resulted in AUC 0.73 (95%Cl: 0.68-0.78) in the training set and an AUC 0.68 é S + * .‘. e J(\\\ {
(0.59-0.75) in the validation set , . + ; - . U

Predicted probability and actual probability matched well in the nomogram (p > 0.05)
Based on ROC and DCA, 21-70% threshold to predict PA in the nomogram model clinically useful L _

Year of study entry

Note: For mortality rate difference betsween paticnts snd controls: from year 0-1 10 1015, p< 0.0001: in year 15-20, p~0.14; and after year 20, p-0.17

Figure 2. All-cause mortality rates of patients with adrenal insufficiency of any cause and matched controls, according to years of follow-up.

Results: 632 pts (207 PAI; 340 SAIl): leading cause of death cardiovascular disease (CVD) (HR

Limita‘ltion‘s: ‘ ‘ o 1.54 [1.32-1.80]), malignant neoplasms, respiratory disease. Deaths from infection were high
v’ “High risk of bias” due to the deletion of cases with incomplete data (166/1107 = 15%) (HR 4.00 [2.15-7.46]) PAI/SAL.
v Absence of external validation e 2. ceuo

v Single-center study with data from a tertiary hospital
v’ Retrospective study
v’ External validation absence

AC contributed to 10% of all deaths [66 pts (61 PAI; 3 SAl)]. In the first year following diagnosis,

Conclusions pts hospitalization from AC higher than in later yrs (PAI>SAI).

v Developed a novel nomogram to predict PA in hypertensive individuals based on routine Tl . Hortladision o sl e g f el finy b ptarts i adrl ey of ny v, s ssry
biochemical variables : -

v’ External validation is needed to further demonstrate its predictive ability in primary care R T s v paineaean 939
settings e

occurred on the date of diagnosis
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Strengths and Limitations ) o W Cumulative mortality L =
v/ Up to 10 controls selected for each pt in order to enhance statistical power : |n A profiles of pts with Al using ¢ | i
v’ 25% of PAI no MC prescription (similarly to Swedish Addison Registry) (not the sole HC vs P and matched i
explanation for mortality) I controls S o
gl - | | < —) P
e e L L. PAI SAl
Conclusion o s - an . o o s s
- Mortality 1 in Al, especially PAI, even with individual matching, early in the disease course Limitations:
- CVD major cause but greatest risk relative to controls infectious disease v" PAI: only 34% of P users but 82% of HC users had taken fludrocortisone (FC)
- AC common contributor, especially in those with comorbid CVD v’ Proportion with coexistent autoimmune disease was higher in the pts, especially in P-
- Peak mortality early, PAI> treated groups: older, more likely to have another autoimmune disease and malignancy,
- Early education for prompt treatment of infections and avoidance of AC hold potential to | and less likely to have MC replacement
mortality v" No causes of death reported
v No GCs doses reported
Conclusion: In PAIl but not in SAI, mortality was higher with P. The number of P-treated pts was
small, they had greater risk factors. The * mortality associated with P persisted despite
statistical adjustment.
L\ | [\ ]
The Journalof Clinical Endocrinology & Metbolism, 2021, Vo. 106 No. 8, 2242-2251 =k . The Journal of ClnicalEndocrinalogy & Metabolism, 2021, Vol 106, No., 14-825 =} .
YRy oxrow e 525 A
Background:
Clinical Research Article v’ Longer duration of action of Clinical Research Article .
Mortality Risk in Patients With Adrenal prednisolone concerns ~ adverse Context Oral once-daily dual-release HC (DR-HC)

effects (AEs) on the cardiometabolic Improved Urinary Cortisol Metabolome in replacement therapy: improved metabolic profile

Insufficiency Using Prednisolone or Addison Disease: A Prospective Trial of Dual-

Hydrocortisone: A Retrospective Cohort Study system/ bone Release Hydrocortisone C;)mpa red to conve.ntlonaI.3r;t|mef—dally (TID-HC)
Kanchana Ngaaano:suwan,"2 Desmond G. Johnstc_mfs lan F. G_ods1land,1 v'Small European StUdy — adverse lipid StéphanieEspiard, JohannaMcQueen,'MarkSherlock 20skaragrason, t er?py among p:f\tlents V\_”t PAI .n”.lore
;:;er;’ngztinsﬁzr?m Majeed,” Jennifer K. Quint," Nick Oliver," and profile A|(predniso|0ne,P) VS. A|(HC) Ragnhildur Bergthorsdottir,' Pia Burman,® Per Dahlquist,* Bertil Ekman,’ physiological cortisol profile + modified pattern of
p . Britt Edén Engstrom,°Stanko Skrtic," Jeanette Wahlberg,°Paul M. Stewart,® cortisol metabolism
‘/ Sma” tel’tlary care StUdy—> Al(P) VS. and Gudmundur Johannsson'

Al(HC) similar blood glucose, lipid

profile, BMI, greater satisfaction P. Objective Study cortisol metabolism during DR-HC and TID-HC
Objective To determine mortality rates v Al(P) similar incidence AC to Al(HC)

Design Randomized, open, controlled, randomized, 2-armed, 2-period, 12-wk, crossover,

Methods Observational study, data from UK primary care database (Clinical Practice Research mult'lctenter trial Interyt:]ntlon and Pirt'?'ﬁar,‘ts PFZ—HCl and same _da'ly dose of TID-HC .
Datalink): patients with PAl/ SAl, treated with either P or HC, and control individuals matched for admlnlsterefj to pts W't‘ PAI (50) vs healthy individuals (124) Main Outcome Measures Urinary
age, sex, period, place of follow-up corticosteroid metabolites measured by gas chromatography/ mass spectrometry at 24-hour

urinary collections

Results: 6821 pts (4228, 62% (PAI 68%, SAl 62%) on HC; 1250, 18% (PAI 7%, SAl 23%) on P) and -, Main met?;ohtes c;f Zortlsol (F)I: g[:p;dgoxv-cor:zol (GB-OHl-F),
. . . - ' § ' cortisone (E), tetra rocortiso , 5a-tetrahydrocortiso
54,314 controls (41,934 and 12,380, respectively). Adjusted HR for mortality similar (P, 1.76 [95% ¥ Cortsol F)  &—————— Corisone E) ¥ (5a-THF) tetrahydr(:/cortisone (THE), a-cortol B-Zortol o
_ . . p= . . . 11BHSD2 ’ ’ ’ !
Cl, 1.54-2.01] vs HC 1.69 [1.57-1.82]; P= 0.65). Similarly for SAI. PAI: 1405 (HC) vs 137 (P); 13965 CYPSA B cortolone, and B-cortolone.
and 1347 controls, respectively. After adjustment, HR for P-treated pts higher than taking HC VEBOHF Summation of urinary cortisol and its main metabolites
(2.92[2.19-3.91] vs 1.90 [1.66-2.16]; P = 0.0020). (THF, 5a-THF, a-cortol, B-cortol, E, THE, a-cortolone, and B-
Table 2. All-cause mortality relative to controls, categorized by type of glucocorticoid replacement Sa-Reductase SB'RedUC[ase * 5ﬁ-RSdUClaSe Cortolone) = 24—h0ur tOta' Cortisol meta bolites (TCMS) 9
Study patients Controls Unadjusted HR Adjusted HRT marker da“y cortisol excretion rate
NoS e feon Morallp e Noar S fuon Morull e HROSRED b Rlerk o HROmRC)p e ¥ 50-THF THF ¥ THE ¥ Activity of enzymes involved in cortisol metabolism evaluated by
s eath  years per risk eath  years per ifference ifference
person-years) person-years) calculation of ratios between products and substrates.
Adrenal insufficiency of any type (THF + 50-THF)/THE - marker of 11B-HSD1 activity
drocortisone 2 7. 7 (31.5-36. 9 9 2 5 (19.020.1) J1.73 (1.61-1.86) <0. o 69 (1.57-1.82) <0, of 200-HSD 20B-HSD 200-HSD 208-HSD ) .
pedne 150 27 675 B8 1m0 150 @0 258226250 |17 is0 wooifoe  [1e0seson oo oes : : urinary free E/urinary free F (UFE/UFF) - marker of 11B-HSD2
Primary adrenal insufficienc T
Hydmcyomsone s 265 8618 309 (27.434.8) 13965 1529 90449 169 (16.1-17.8] |1.82 (1.60-2.08) <0.0001 |Ref 1.90 (1.66-2.16) <0.0001| Ref activity
IS’;ednidsoloned ; 13{;. 61 597 1022(79.5-1313) 1347 307 7618 403 (36.0-45.1) |2.45(1.86-3.23) <0.0001 }0.043 2.92(2.19-3.91) <0.0001f 0.0020 +Cortol B-Corol aCortone BCorione absolute value of 5a-THF urine = marker of 5a-reductase
Hydmco:nsone‘ 2461 479 14392 333 (30.4-36.4) 24401 3127 148431 211 (2032181 |1.59 (1.44-1.75) <0.0001 |Ref 1.51 (1.37-1.66) <0.0001f Ref v 3 v v activity absolute value of THF urine - marker of SB-reductase
Prednisolone 897 121 4958  24.4(20429.2) 8909 791 45698 173 (16.1-18.6) [1.42(1.18-1.72) <0.0001 0.34 1.4 (118-1.74) <0.0001| 0.67 -
activity

*adjustment for . disease nd malignancy ;an::znsélT:::Z:?Szfn?anems with adrenal insufficiency using prednisolone compared with those using hydrocortisone ratio THF/5a-THF - marker of the balance between the 2

Type of adrenal No. death/ Total No. (%) P-chi P Adjusted HR P enzymes

insufficiency iy drocortione o (©5% CD't ratio a- and B-cortols/THF - marker of activity of 20B-

Any type 828/ 4228 (19.6%) 267/ 1254 (21.4%) 0.17 1.16 (1.01-1.33) 0.035 1.14 (0.98-1.33)  0.082f hydroxydehydrogenase (ZOB—HSD) ratio a- and B—

Primary 266/ 1405 (18.9%)  61/13f (44.5%)  <0.0001 | 3.08 (2.33-4.07)  <0.0001 | 1.62(1.17-2.23) 0.003 .

Secondary 479/2461 (19.5%) 121/ 89 (13.5%) <0.0001 0.73 (0.60-0.89) 0.0020 0.88 (0.71-1.09) _ 0.24 cortolones/TH E-> marker of acthlty of 20a-

Note: "Adjustment for age at diagnosis, sex, date of start of follow-up, fludrocortisone use, disease, and mali h\/d roxydehydrogenase (ZOQ-HSD)
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Results

= Total cortisol metabolites | during DR-HC vs TID-HC and reached control values
= During DR-HC, 11B-HSD1 activity |vs TID-HC, but 1 vs controls

= 11B-HSD2 activity |with TID-HC vs controls but normalized with DR-HC

= 5a- and 5B-reduced metabolites | with DR-HC vs TID-HC

= 15B-reductase activity both treatments

¥

U 24-hour urinary cortisol metabolome profiling — PAI treated with conventional TID-HC
replacement therapy had higher cortisol exposure compared to healthy individuals with
alterations in tissue-specific metabolism of GCs [1 11B-HSD1 activity]

U Treatment with DR-HC | cortisol exposure and shifted the cortisol urinary metabolome profile
toward normal

U Replacement therapy with DR-HC | both daily and evening/night time cortisol exposure
compared to conventional TID-HC | AUC_,o, and AUC,,

U 1 11B-HSD2 activity with DR-HC a role in the |BP observed in pts

U not correlation between cortisol metabolome profile and change in body weight, BMI, BP

Limitations

v’ cannot be excluded differences in tissue-specific regulation of cortisol metabolism:
urinary ratio evaluates only global 11B-HSD1 activity; in obese pts, 113-HSD1 expression
in adipose tissue has been ~ (+)ve with BMI vs liver (-)ve correlated BMI - “global” 118-
HSD1 activity

Conclusions

v’ The urinary cortisol metabolome shows striking abnormalities in pts receiving conventional
TID-HC replacement therapy, with 1 11B-HSD1 activity — unfavorable metabolic phenotype in
PAI

v Its change toward normalization with DR-HC may mediate beneficial metabolic effects

v The urinary cortisol metabolome may serve as tool to assess optimal cortisol replacement
therapy

The Journal of Clinical Endocrinology & Metabolism, 2021, Vol. 108, No. 3, e1354-e1361 /1
d0i:10.1210/clinem/dgaa?93 I OXFORD
Clinical Research Article SOCETY

Clinical Research Article Context COVID-19: global health emergency;

Adrenal Insufficiency at the Time of COVID-19: infected pts with chronic diseases often present
A Retrospective Study in Patients Referring to a with a severe impairment

Tertiary Center . . . . . .
Y Al ~with Ninfection risk and immunological

Giulia  Carosi,'* Valentina Morelli,' Giulia Del Sindaco,"’
Andreea Liliana Serban,'? Arianna Cremaschi,'"® Sofia Frigerio,"* H

Giulia Rodari,'* Eriselda Profka,’ Rita Indirli,"* Roberta Mungari,' aIteratlonsé AC
Veronica Resi,'’ Emanuela Orsi,' Emanuele Ferrante,' Alessia Dolci,'

Claudia Giavoli,"* Maura Arosio,"* and Giovanna Mantovani'?

Objective Evaluate the incidence of COVID-19 symptoms and complications in Al pts

Design and Setting Retrospective case-control study. Pts on active follow-up dedicated tertiary
endocrinological center— highly instructed on possible risks related to infections
complications and on how to manage replacement therapy; lived in Lombardy, one of
most affected areas Pts 279 with PAI/SAI and 112 controls (benign pituitary lesions without
hormonal alterations) Intervention Standardized questionnaire by phone, data on
COVID-19 suggestive symptoms and consequences
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Results

U February — April 2020, prevalence of symptomatic (= complaining at least 1 symptom of
viral infection) pts = between the 2 groups (24% in Al and 22% in controls, P=0.79)

U Highly suggestive COVID-19 symptoms (at least 2 including fever and/or cough) equally in
Al and controls (12.5% in both groups)

Table 1. Clinical Features and Collected Data of Al Patients and Controls

PAI (n = 60) SAI(n =219) rt Al (n=279) Controls (n = 112} P
Age,y 56.8 = 15.7 (20-86) 57.5=15.6(21-94) 0.75 57.3 = 15.6 (20-94) 57.5 = 14.3 (27-89) 0.96
Females, n (%) 41 (68.3) 98 (44.7) 0.0017 139 (49.8) 59 (52.7) 0.65
Al etiology, n (%)
Addison disease 47 (78.3)
Adrenal surgery 13 (21.6)
Pituitary neoplasms 182 (83.1)
Other 49 (22.4)
Replacement therapy
CO,n (%) 34 (56.7) 187 (85.4) <0.001° 221(79)
HC,n (%) 13 (21.6) 19 (8.7) 0.01° 32 (11.5)
m-HC, n (%) 13 (21.6) 13 (5.9) 0.0007° 26 (9.5)
Smoking habit, n (%) 51(8.3) 38(17.3) 0.10 43 (15.4) 21 (18.8) 0.45
Flu shot, n (%) 20(33.3) 79 (36.1) 0.76 99 (35.6) 28 (25) 0.04°
Symptomatic patients, n (%) 15 (25) 52(23.7) 0.87 67 (24) 25 (22.3) 0.79
Symptoms duration, d 8.5(3-19) 7(3-15) 0.42 5(3-15) 7(3-15) 0.65
HS symproms, n (%) 4(6.7) 31(14.2) 0.19 35(12.5) 14 (12.5) 1.00
HS symptoms duration, d 14 (7-33) 7 (3-15) 0.14 7 (3-15) 15 (7-30) 0.04%
Active workers, n (%) 10 (16.7) 21 (9.6) 0.05° 31(11.1) 13 (11.6) 0.86
High-risk profession, n (%) 5(8.3) 6(2.7) 0.06 11(3.9) 4(3.6) 0.13
Contacts, n (%) 345) 14 (6.4) >0.999 17 (6.1) 6(5.4) 1.00

hile symptoms du and IQR (intcrquartil

ms of COVID-19 (at lcast

, P valuc PAI vs SAL P2, P valuc Al , prima

Results
31.3% symptomatic Al pts, replacement therapy dose 1 [PAl: 47.4%; SAl: 25%, P=0.001). 11.5-
fold regular dose in 42.9% and 2-fold in the others; 1 AD pt practiced intramuscular HC
injections. Symptomatic pts not 1 replacement therapy: only mild and rapidly improving
symptoms. Most pts not considered symptoms as related to COVID-19 at the time of their
occurrence. Antibiotics prescribed by GP in 16.7% symptomatic Al pts and 20.8% controls (P =
0.76).

U No pt required hospitalization and no AC reported

20%

% of symptomatic patie

10%

Jan Feb Mar Apr
——SAl PAI ——Al weree controls

ficier

Conclusions Al pts adequately treated and trained seem to display the same incidence of COVID-
19-suggestive symptoms and disease severity as controls

M Quinkler and others Frequent adrenal crisis 1846 161771

ol of Objective characterize clinical and

(2021 184 76177 biochemical features of pts with PAl and
Characterization of patients with adrenal SAl who developed ACs to identify
insufficiency and frequent adrenal crises potential risk factors during a prospective

observational period and estimate the
Marcus Quinkler'>", Robert D Murray?, Pinggao Zhang’, Claudio Marelli*, Robert Petermann®, Andrea M Isidori® . . .
and Bertil Ekman(>7 on behalf of the EU-AIR Investigators Inci d ence Of AGCsint h ese ptS

Design Retrospective case-control analysis of the European Adrenal Insufficiency Registry (EU-
AIR; NCT01661387) of pts with PAI, SAl, CAH long-term treatment modified-release HC or other
GCs replacement therapies

Methods 2694 with Al (1054 PAI; 1640 SAl) - August 2012— February 2019. Pts who developed
> 1 AC matched 1:3 with pts without ACs for age, sex, Al type. Data collected at baseline and
follow-up (mean £ s.d.: PAI 3.2 + 1.7 yrs; SAI 2.9 + 1.7 yrs)
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Results

v 168 ACs in 1054 PAI (2572 patient-years) incidence 6.53 ACs per 100 patient-years; 113 ACs in
1640 SAl (3547 patient-years): incidence 3.17 ACs per 100 patient-years.

v/ 21 AC in 148 pts (vs 252): 84 PAI: 60% > 1 AC low incidence <0.5 ACs/year; 40% >1 AC every
2nd yr; 16% had = 1 AC /yr. 64 SAI (vs 192): 65% <0.5 ACs/yr; 9.4% >1 /yr

v’ Pts with PAl with ACs had a significantly shorter mean * s.d. duration of disease (11.9 + 11.3 vs
15.8 £ 12.9 yrs; P = 0.013) than pts without ACs

v No differences in BMI, HbAlc, BP and frequencies of diabetes mellitus or hypertension
between subgroups (PAl and SAl, with and without ACs)

v’ At baseline, PAI pts with AC had higher serum K (4.3 + 0.5 vs 4.2 + 0.4 mmol/L; P = 0.03) and
lower Na (138.5 + 3.4 vs 139.7 £ 2.9 mmol/L; P = 0.004) than pts without AC

v’ At last observation, SAI pts with AC had higher HC doses than pts without AC (11 .9 + 5.1 vs
10.1 £ 2.9 mg/m2; P<0.001).

Results

v’ The incidence of AEs, infectious intercurrent illnesses and infectious serious AEs were higher
in pts with ACs than without ACs

Table 5 Incidence rate of important events based on patient-years. Patients with PAl and SAl who experienced > 1 AC during the
study period until the data cut-off point of February 5, 2019 were categorized as ‘> 1 AC' (n = 84, n= 64, respectively). Those two
groups were matched 1:3 for age, sex and Al type with patients with Al and no ACs, labelled ‘no AC’' (n=252, n=192, respectively).

PAI SAl

>1AC No AC >1AC No AC

(n=84) (0=252) ___IRR(95% Cl) Pvalue (0=64)__ _(n=192) __IRR(95% Cl) Pyalue
Any adverse event I 5.2 2.9 1.8 (1.5-2.1) l <0.001 I 3.4 1.5 2.3(1.9-2.8) <0.001 I
Adrenal crisis 0.7 0 - - 0.6 0 — -
Infectious intercurrent iliness I 1.4 1.1 1.3(1.1-1.5) 0.006 I 1.0 0.5 2.0(1.5-2.5) <0.001 |
Infectious serious adverse event 0.1 0.04 2.5(1.4-4.2) 0.001 0.3 0.03 8.9 (4.7-17.0) <0.001
Death 0 0.01 0* - 0.01 0.01 1.4(0.3-6.2)* 0.702

n (%) 0(0) 6(2.4) - - 3(47) 4(2.1) - -

Incidence rate ratio (IRR)=number of reports per recorded patient-year; 95% Cl is Exact Fisher 95% Cl, P value from Fisher Exact Test; *For death the
odds ratio with 95% ClI based on patient-years is given.

AC, adrenal crisis; Al, adrenal insufficiency; PAI, primary Al; SAl, secondary Al.

Limitations

v" Lower incidence of ACs explained by the fact that centres involved in EU-AIR specialized

tertiary endocrine centers: frequent teaching; AC emergency kits and steroid cards
Strengths

v’ Real-world data
v’ Disease specific controls- pts matched with ACs for age and sex (1:3)
v’ Prospective nature of the registry, large size of the cohorts

Conclusions

U Vast majority of pts (94.5%) did not experience any ACs over the duration of the registry

1 Concomitant diseases and cardiovascular risk factors do not feature in the risk profile of AC
U Pts with AC had a higher incidence of infectious events; impaired immune system
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Clinical Research Article o | fertility reported for women with CAH,
Reproductive and Perinatal Outcomes in especially for salt-losing form‘
Women with Congenital Adrenal Hyperplasia: A * Data are sparse on reproductive and
Population-based Cohort Study perinatal outcomes in these women

Angelica Lindén Hirschberg,"2 Sebastian Gidlof,"** Henrik Falhammar,>®
Louise Frisén,”® Catarina Almqvist,”'° Agneta Nordenskjold,"" and Anna
Nordenstrém™'?

Objective Investigate reproductive and perinatal outcomes in women with CAH

Design and Setting Population-based and nationwide study using the National CAH Register, the
Total Population Register, the Medical Birth Register of Sweden

Participants 272 women with CAH due to 21-hydroxylase deficiency (210HD) and 27200 controls
matched by sex, age, place of birth; median age 31 yrs

Main outcome measures Proportion of CAH women that have given birth, reproductive and
perinatal outcomes

Results 272 women with CAH [99 women had SW CAH, 67 women SV CAH, 49 women NCCAH]

» 69 gave birth to at least 1 child (25.4%) — lower frequency than controls (45.8%) (P<0.001).

» Women with CAH fewer children than controls (1.8 vs 2.1) and slightly older at birth of their
first child [SW>SV+NCCAH].

» More women with CAH diagnosed with gestational diabetes than controls, 4.9% vs 1.4%
(P<0.05)

» More women with CAH were delivered through cesarean section, 51.4% vs 12.3% (P<0.05)
[SW+SV>NCCAH)

» No difference in Apgar score or frequency of small-for-gestational age between children born
to mothers with CAH and controls

fT-hle zh Pb;e:;ancy and singleton births outcomes in women with congenital adrenal hyperplasia and controls based on data Table 3. Perinatal outcome in women with congenital adrenal hyperplasia and controls based on data from the MBR
rom the

CAHn =61 SWn=8 Vn=26 NCn=16
Outcome Controls n = 4237 CAHn=61

108

sia; NG, non-classical CAH; SV, simple virilzing; SW, salt wasing.

P05, **P <01, 4P <001

Limitations

v' Lack of information on assisted reproductive techniques used, hormone treatment,
relatively small number in the CAH severity groups

Strengths

v’ Reproductive and perinatal outcomes of the largest cohort of women with CAH presented
so far

Conclusions The largest cohort designed to investigate reproductive and perinatal outcomes in
women with CAH. The birth rate lower in women with CAH; gestational diabetes and cesarean
section were more common, but perinatal outcomes were comparable with controls.

ENAOKPINOAOTTIA : AIABHTOAQTIA - METABOAIEMOE. evS ) 21

ENAOKPINOAOTIA - AIABHTOAQT A - METABOAIEMOE. €V8 ) 21




EMINE®PIAIA | KPYSTAAENIA AANEZANAPAKH EMINE®PIAIA | KPYZTAAMENIA AAEZANAPAKH

—
The Journal of Clinical Endocrinology & Metabolism, 2021, Vol. 106, No. 5, e2063-e2077 /1 “(
dmcll?‘:;]lnéir::r"cl: f:l‘f‘l ENROCRINE The Journal of Clinical Endocrinology & Metabolism, 2021, Vol. 106, No. 11, 46664679 /1 co ntext C A H d ue to 2 1 O H D ty p ICa I | y treate d

https://doi.org/10.1210/clinem/dgaba3s

ENDOCRINE
Clinical Research Article SOCIETY

Context Standard GC therapy in CAH
regularly fails to control androgen excess,
causing GC overexposure and poor health
outcomes

with lifelong supraphysiologic doses of GCs
Tildacerfont, potent, selective, nonsteroidal,
oral, 2nd-generation corticotropin-releasing
factor type-1 receptor antagonist: | excess
androgen production, allowing for GC dose |

Clinical Research Article
. R . R Clinical Research Article
Modified-Release Hydrocortisone in Congenital

Adrenal Hyperplasia

Deborah P Merke,"?  Ashwini  Mallappa,” Wiebke Arlt,>*
Aude Brac de la Perriere,® Angelica Lindén Hirschberg,’® Anders Juul,’
John Newell-Price,® Colin G. Perry,9 Alessandro Prete,>* D. Aled Rees,™
Nicole Reisch,'" Nike Stikkelbroeck,'? Philippe Touraine,*'* Kerry Maltby,"®
F. Peter Treasure,'® John Porter,”® and Richard J. Ross®'®

Tildacerfont in Adults With Classic Congenital
Adrenal Hyperplasia: Results from Two Phase
2 Studies

Kyriakie Sarafoglou,’ Chris N. Barnes,> Michael Huang,”* Erik A. Imel,**
Ivy-Joan Madu,® Deborah P Merke,® David Moriarty,> Samer Nakhle,”
Ron S. Newfield,® Maria G. Vogiatzi,® and Richard J. Auchus™

Objective Whether modified-release hydrocortisone (MR-HC), which mimics physiologic

cortisol secretion: could improve disease control

Methods 6-month, randomized, phase 3 study conducted of MR-HC [1/3 daily dose taken at
07:00h and 2/3 daily dose taken at 23:00h] vs standard GC, followed by a single-arm MR-HC
extension study. Primary outcomes were change in 24-hour SD score (SDS) of androgen
precursor 17-hydroxyprogesterone (170HP) for phase 3, and efficacy, safety and tolerability of
MR-HC for the extension study. 2/ 2016 - 1/ 2018; good disease control at 24 weeks (09:00h
170HP < 1200ng/dL)

Objective Assess tildacerfont safety and efficacy

Design and Setting 2 Phase 2 open-label studies. 12-week, phase 2a, multicenter, open-label,
multiple-dose, dose-escalation study and 12-week, Phase 2, multicenter, open label study
evaluating oral tildacerfont 400 mg QD Pts Adults with 210HD Intervention Oral tildacerfont 200
to 1000 mg once daily (QD) (n = 10) or 100 to 200 mg twice daily (n =9 and 7) for 2 wks (Study 1),
and 400 mg QD (n = 11) for 12 wks (Study 2) Main Outcome Measure Efficacy evaluated by
changes from baseline at 8 am in ACTH, 170HP, A4 according to baseline A4 < 2x ULN or A4 > 2x
ULN. Safety was evaluated using AEs and laboratory assessments.

Results 138 pts screened, 122 randomly assigned, 117 completed = ... /H i Results
» Study failed primary outcome at 6 months: both groups better E‘:Hg@ W » Study 1; 24 pts; 16 no dexamethasone: evaluable -
hormonal control 24 wks vs baseline —negative change 170HP e S e o

participants with baseline A4 > 2x ULN (11; 19-67 o e
years, 55% female) |from baseline in ACTH
(-59.4% to -28.4%), 170HP (-38.3% to 0.3%); A4 ]
(-24.2% to -18.1%), with no clear dose response. W
» Study 2; 11 pts; 8 no dexamethasone: participants B A sme ) s
with baseline A4 > 2x ULN (5; 26-63 years, 40% P &, Ot s sienesriotonsbomore AT, oo esrns (17087,
female) had ~80% maximum mean | biomarker e
levels. ACTH and A4 normalized 60% and 40%,
respectively.
» Both studies: participants with baseline A4 < 2x
ULN maintained biomarker levels

SDS 24-hour profile; better biochemical control MR-HC, lower
170HP SDS at 4,12 wks, between 07:00h to 15:00h at 6 months

» Good disease control 52% baseline, 6 months 91% for MR-HC
vs 71% standard therapy; 170HP variability (amplitude) over 24
hours | MR-HC group vs standard group

» Extension study, pts good disease control 80% at 18 months vs
52% baseline; A4 96% vs 45% at baseline

» Median daily HC dose 25 mg baseline; 6 months 31 mg for
standard therapy, 30 mg for MR-HC; 18 months 20 mg MR-HC

» 3 AC occurred in phase 3; 0 on MR-HC; 4 in extension study

MR-HC pt-benefit: menses restoration in 8 pts (1 standard

W) Standard

0, Sundrs

e
B & 5 on B

> AEs (in 53.6% of pts overall) included headache ==
s

therapy), 3 pts and 4 partner pregnancies (0 standard therapy). i m oo o s s s 1 s e (7.1%) and upper respiratory tract infection (7.1%). Ly, .;, . . I+ fiL PSR
E » Testicular adrenal rest tumors (TARTS) TTTTTT T mmmmmmm o m e

1704 Figure 5. Changes from baseline in 3 17-0HP), and (Ad) levels at 8

mm— improvement in males mnbiraphomen ot ity s it s i S oo b . s s

Limitations ‘ MEHCao  Sendrlo ©

v Open-label design and complexity protocol ‘
and statistical analysis.

v’ Intensive monitoring + more aggressive dose
uptitration than usually performed in clinical
practice may explain the improved control in
standard group

Strengths

v’ International, multicenter, randomized
design

Y6 CI), 1

Limitations
v Small and heterogeneous population
v' Drug-drug interaction with dexamethasone

0072042 —0.26 (0.46 t0 —0.07), P = 007

01006 030 (0,54 t0 D03, F = 019

017-078 007 030016, P55
107 250 L P o33

= s

377426 i 0 38
Cll) _ 036[024,0.65] 0.92[0.77,1.37] 038 (0.24,0.61), P < 001
JT3-304 T35-320

1252222 S31:113 8.9 15.6t0-21),P-.011

2062238 80:1S1  —10.9 (183 t0-3.5), P = .004

2292269 2932208 1051870230 P01
N-61 N-61

0(0) 3(5.8) N
26 (49.1) 36 (69.2) N

Conclusions For pts with 210HD, up to 12 wks of oral tildacerfont | or maintained key
hormone biomarkers toward normal. Proof of concept through the achievement of receptor
engagement, indicated via |ACTH; 170HP and A4

Conclusion o
MR-HC improved biochemical disease control in adults
and pt-reported benefit

Dosing at bedtime and waking, and hormonal measurements at 0900h to judge the nighttime
dose and around midday to judge the morning dose
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Osteoclasts recycle via osteomorphs during RANKL-
stimulated bone resorption

Graphical abstract Authors

Michelle M. McDonald, Weng Hua Khoo,
. SRANKL
Macrophages ‘ >_>
. ‘ M-CSF

Pei Ying Ng, ..., Nathan J. Pavlos,
Peter I. Croucher, Tri Giang Phan
sRANKL l Fusion In Brief
Tracking osteoclasts during cycles of
‘ fission and fusion reveals a
Ostenifiorphs Activated transcriptionally distinct “osteomorph”
| I Cellular
Fusion Recycling
OPG:Fc

Steady state | Correspondence

Osteociast p.croucher@garvan.org.au (P.I.C.),
t.phan@garvan.org.au (T.G.P.)

Fission
Osteoclast
steoclas population that are fusion competent,

motile, and capable of forming
osteoclasts that resorb bone.

Highlights
e Osteoclasts fission into daughter cells called osteomorphs

e Osteomorphs fuse and recycle back into osteoclasts

e Osteomorph upregulated genes control bone structure and
function in mice

e Osteomorph upregulated genes are implicated in rare and
common bone diseases in humans
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SUMMARY

Osteoclasts are large multinucleated bone-resorbing cells formed by the fusion of monocyte/macrophage-
derived precursors that are thought to undergo apoptosis once resorption is complete. Here, by intravital im-
aging, we reveal that RANKL-stimulated osteoclasts have an alternative cell fate in which they fission into
daughter cells called osteomorphs. Inhibiting RANKL blocked this cellular recycling and resulted in osteo-
morph accumulation. Single-cell RNA sequencing showed that osteomorphs are transcriptionally distinct
from osteoclasts and macrophages and express a number of non-canonical osteoclast genes that are asso-
ciated with structural and functional bone phenotypes when deleted in mice. Furthermore, genetic variation
in human orthologs of osteomorph genes causes monogenic skeletal disorders and associates with bone
mineral density, a polygenetic skeletal trait. Thus, osteoclasts recycle via osteomorphs, a cell type involved
in the regulation of bone resorption that may be targeted for the treatment of skeletal diseases.

m McDonald et al., 2021, Cell 184, 1330-1347

March 4, 2021 © 2021 The Authors. Published by Elsevier Inc.

https://doi.org/10.1016/j.cell.2021.02.002
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INTRODUCTION

The skeleton provides the scaffold to support body weight,
enable body movement, protect vital organs, and control mineral
homeostasis while also providing the location for hematopoiesis.
Accordingly, it is a dynamic organ that is continuously remod-
eled throughout life in response to diverse environmental stimuli.
At the microscopic level, remodeling is achieved by the coordi-

1330 Cell 784, 1330-1347, March 4, 2021 © 2021 The Authors. Published by Elsevier Inc.
This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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nated action of osteoclasts that resorb old bone and osteoblasts
that form new bone, activities that are coupled in both time and
space (Hattner et al., 1965). Osteoclasts are specialized cells
formed by the fusion of committed monocyte/macrophage he-
matopoietic lineage precursor cells (Boyle et al., 20083; lkeda
and Takeshita, 2016). The importance of osteoclasts in bone ho-
meostasis and human health is evidenced by the diseases in
which osteoclast formation and function is dysregulated, such
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Abstract

Context: Zoledronate is used to prevent bone loss following denosumab discontinuation
but its efficacy differs among studies.

Objective: To test if the duration of denosumab treatment affects the efficacy of
subsequent zoledronate infusion.

Methods: This multicenter, prospective cohort study, conducted at 2 Greek and 1 Dutch
bone centers, included 47 postmenopausal women (n=47) who received a single
zoledronate infusion 6 months after the last denosumab injection and then were followed
for 1 year. Twenty-seven women received < 6 denosumab injections (< 6 Group) and 20
received > 6 denosumab injections (> 6 Group).The main outcome measure was changes
in lumbar spine (LS) bone mineral density (BMD).
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Results: At 12 months LS-BMD values were maintained in the <6 Group (0.98 + 0.10
to 0.99 + 0.9 g/cm?, P=0.409) but decreased significantly in the >6 Group (1.0 + 0.11 to
0.93+0.12 g/lcm?, P<0.001). The percent change of LS-BMD of the <6 Group (+1.0%)
was significantly different (P<0.001) from the change of the >6 Group (-7.0%). In the
whole cohort, the duration of denosumab treatment was negatively correlated with the
percentage change of LS-BMD (r, = -0.669, P < 0.001) but not with the change of femoral
neck (FN)-BMD. Bone turnover markers increased in all patients 6 months following
zoledronate administration with no difference between the 2 groups.

Conclusion: The duration of denosumab treatment significantly affects the efficacy of
subsequent zoledronate infusion to maintain BMD gains. Frequent follow-up of patients
treated with denosumab longer than 3 years is advisable as additional therapeutic

interventions may be needed.

Key Words: bone mineral density, bone turnover markers, denosumab, postmenopausal osteoporosis, zoledronate

In patients with osteoporosis who are discontinuing
denosumab (Dmab) therapy, an increase in bone turnover
above pretreatment values, resulting in rapid decrease of
bone mineral density (BMD), is typically observed (1, 2).
To prevent this “rebound phenomenon,” it is currently re-
commended that patients who are stopping Dmab should
be treated with bisphosphonates (3) and intravenous
zoledronate (ZOL) is the most widely studied in random-
ized controlled trials and observational studies (4-11).
There are, however, differences in reported efficacy of ZOL
to maintain denosumab-induced gains in BMD, with some
studies showing preservation of BMD after 1 year in the
majority of treated patients (4, 5, 12), while in other studies
the effect was only partial (6, 7, 10). These results raise
questions about potential patient-related and/or treatment-
related determinants of the response to ZOL. Two clinically
important determinants are the timing of the ZOL infu-
sion and the period of Dmab administration before its dis-
continuation. While a 6-month interval between the Dmab
injection and the ZOL infusion is currently accepted as op-
timal timing independently of the levels of bone turnover
markers (3), the effect of duration of Dmab therapy and its
relation to the changes of bone turnover and BMD remain
to be fully elucidated.

We addressed these questions in treatment-naive women
with postmenopausal osteoporosis who were treated with
denosumab for 1.0 to 5.5 years and received a single ZOL
infusion 6 months after the last Dmab injection.

Patients and Methods

AfterDmab (Zoledronic Acid to Maintain Bone Mass After
Denosumab Discontinuation) was a 2-year parallel assign-
ment, open label, multicenter, randomized, efficacy study
(NCT02499237) (4). According to the study protocol,

treatment-naive postmenopausal women with osteoporosis
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received Dmab until reaching osteopenic BMD values at
the hip or spine, and then 1 of the 2 arms of the study re-
ceived an intravenous infusion of ZOL 5 mg 6 months after
the last Dmab injection (ZOL arm) and was followed for
2 years. A total of 27 patients were initially included in the
ZOL arm of the study and both the initial results as well as
the results of a third-year follow-up of the study extension
have been recently published (4, 5).

Twenty-five additional patients fulfilling the AfterDmab
study inclusion and exclusion criteria were administered
a single ZOL infusion 6 months following the last Dmab
injection. Five out of the 25 additional patients were lost
to follow-up (2 died, 1 developed breast cancer and did
not follow the protocol’s visits, and 2 retracted their con-
sent); the 20 remaining patients were prospectively fol-
lowed according to the AfterDmab study protocol in
the Endocrinology outpatient clinics of: the 424 General
Military Hospital, Thessaloniki, Greece; the 251 Hellenic
Air Force & VA General Hospital, Athens, Greece; and the
Leiden University Medical Center, Leiden, The Netherlands.

The total cohort of 47 patients, including the 27 pa-
tients of the AfterDmab ZOL arm and the 20 prospect-
ively followed additional patients, was retrospectively
divided into 2 groups according to the median number
(6.0) of Dmab injections: the < 6 Group (< 6 Dmab in-
jections or <3 years of Dmab treatment) and the > 6
Group (7 or more Dmab injections or > 3 years of Dmab
treatment), and were analyzed accordingly. All patients
had received cholecalciferol 800 IU/day and calcium
carbonate 500 mg twice daily and had normal serum
25-hydroxyvitamin D and calcium concentrations both
at the time of ZOL administration and throughout the
12 months of follow-up. No patient received a second
ZOL infusion. The protocol for treatment and follow-up
was approved by the Medical Ethical Committees of all
3 hospitals; all AfterDmab patients signed an informed
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consent according to institutional requirements. The
additional patients were originally part of an opting-out
protocol which changed to opting in and patients still
under care have signed informed consent according to
institutional requirements.

At baseline and 12 months areal BMD was meas-
ured by dual energy x-ray absorptiometry (DXA) at the
lumbar spine (LS; L1-L4) and femoral neck (FN) (Lunar
Corporation, Madison, WI, USA) and radiographs
of the spine were performed at the same time points.
Morning fasting blood samples were obtained from all
participants right before and at 6 and 12 months fol-
lowing ZOL infusion for the measurement of serum
procollagen type 1 N-terminal propeptide (P1NP), and
C-terminal telopeptide of type 1 collagen (CTX), as pre-
viously described (4). Specifically, the samples of the 27
patients from the AfterDmab study were measured in a
single batch by electrochemiluminescence immunoassay
(ECLIA) on a Cobase 411 analyzer (Roche Diagnostics,
Mannheim, Germany) (PINP intraassay coefficient of
variation [CV]<2.3%, interassay CV <3.0%; CTX
intraassay CV < 2.5%, interassay CV < 4.6%); the sam-
ples from the additional 20 patients were not measured
in a single batch but on a daily basis using the same assay
and either the Cobase 411 analyzer or the E-170 system
(Roche BV, Woerden, The Netherlands; assay variation
for CTX 2.5% and for PINP 3%).

Treatment Outcomes

We aimed to compare the 1-year effect of ZOL infusion
given 6 months following the last Dmab injection among
patients with a history of either < 3 years of Dmab treat-
ment (the <6 Group) or >3 years of Dmab treatment
(the > 6 Group).

The primary endpoint of this analysis was the difference
in LS-BMD changes between the 2 groups from baseline to
12 months. Secondary endpoints included: the difference in
FN-BMD changes between the 2 groups from baseline to
12 montbhs; the relationship between the duration of Dmab
treatment and BMD changes at the LS and FN; and the
differences in serum bone turnover marker levels between
the 2 groups throughout the 12 months of follow-up. The
incidence of new vertebral fractures (clinical and mor-
phometric) and other fragility fractures were exploratory
endpoints.

Statistical Analysis

Data of baseline characteristics are summarized by
mean = SD unless stated otherwise. The Shapiro-Wilk
test was used to test the normality of distribution of
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continuous variables. The Levene’s test was used to as-
sess the homogeneity of variance. To compare continuous
variables (absolute values) between 2 independent
groups, independent sample T-test or Mann-Whitney test
were performed, depending on the normal or nonnormal
distribution of data, respectively. In case of more than
2 repeated measures, repeated measures analysis of
variance (ANOVA) or Friedman test was used. In case
of statistically significant trend, multiple pairwise com-
parisons were performed with Bonferroni post hoc cor-
rection. Spearman’s (r) coefficient of correlation was
used for bivariate correlations between continuous vari-
ables. Analysis was intention-to-treat. A 2-sided P value
of < 0.05 was considered statistically significant in all
tests. Statistical analysis was performed with IBM SPSS
Statistics, version 235.

Results

Forty-seven  postmenopausal ~women (mean age
65.7 = 9.2 years) were included in the present analysis: 27
patients in the < 6 Group and 20 patients in the > 6 Group.
Eleven patients had received exactly 6 Dmab injections and
were all included in the < 6 Group. The patients in the > 6
Group had lower body mass index (BMI) and more preva-
lent fractures at Dmab discontinuation, while no other stat-
istical differences between the 2 groups were observed at
baseline (Table 1).

Changes in LS-BMD and FN-BMD in both groups
1 year after the ZOL infusion are shown in Fig. 1 and Table
2. Compared with baseline, LS-BMD did not change at
12 months in the < 6 Group. However, in the > 6 Group
LS-BMD significantly decreased. Regarding the primary
endpoint of the study, the percentage change of LS-BMD
of the<6 Group (+1.0%) was significantly different
(P < 0.001) compared with the relevant change of the > 6
Group (-7.0%), although the absolute BMD values did
not differ between groups either at baseline or 12 months
(Table 2). FN-BMD did not change in the <6 Group
but decreased significantly in the > 6 Group. Similar to
LS-BMD, the absolute FN-BMD values did not differ be-
tween groups at baseline and 12 months, and this was
also the case with the changes as the 1.26% increase
of the <6 Group was not different (P =0.079) than
the 2.56% decrease of the > 6 Group. The duration of
Dmab treatment was negatively and significantly correl-
ated with the percentage change of LS-BMD (r_ = -0.669,
P <0.001) but not with that of FN-BMD (r, = -0.187,
P =0.241) (Fig. 2).

At 12 months, 2 patients were classified as having osteo-
porosis both at the LS and FN in the < 6 Group and 2 in
the > 6 Group.
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BoneTurnover Markers

At study entry (6 months after the last Dmab injection) serum
P1NP levels were above the upper limit of the postmenopausal
reference range (76 ng/mL) in 2 patients, 1 in the <6 Group
and 1 in the > 6 Group, while in 1 patient from the < 6 Group
these were above the premenopausal values (56 ng/mL); 1
patient of the <6 Group had serum CTX values above the
premenopausal reference range (0.573 ng/mL) (Fig. 3). The
ZOL infusion was followed by a significant increasing trend
in serum CTX and PINP values during the 12 months fol-
lowing ZOL infusion in both groups (Table 2 and Fig. 3).

In the < 6 Group serum CTX levels rose significantly at
12 months; however, in only 3 patients values were above
the premenopausal range at that time point (Fig. 3). The
change between baseline and 6 months was not signifi-
cant in contrast with the change between 6 months and
12 months (Table 2). In the > 6 Group the CTX changes
were not significant either at 6 or 12 months, respectively
(Table 2), while CTX levels were above the upper limit of
the premenopausal range at 12 months in only 1 patient
(Fig. 3).

In both groups, serum PINP levels significantly in-
creased at 12 months. However, changes in either group
occurred after 6 months from ZOL administration (Table
2). In the < 6 Group 2 patients had values above the pre-
menopausal range at 6 months; at 12 months, 1 patient had
values above the upper limit of the premenopausal range
and 4 above the postmenopausal range (Fig. 3). In the > 6
Group, 1 patient had values above the premenopausal

Table 1. Baseline characteristics for treatment groups

range at 6 months, while at 12 months, 3 patients had

values above the upper premenopausal threshold and 3

above the postmenopausal range (Fig. 3).

No patient had values above the upper limit of the

postmenopausal range for both PINP and CTX after

12 months post-ZOL infusion.

Between groups, the percentage change of PINP after
12 months in the < 6 Group (77.3%) did not significantly
differ (P =0.322) from the relevant increase (100.4%) in
the > 6 Group. This was also the case with the percentage
increase in CTX in the <6 Group (72.2%) which did not
differ (P = 0.82) from the increase in the > 6 Group (24%).

With the exception of a positive correlation
(r,=0.374, P = 0.01) between P1NP values at 6 months

*

104

1.0% 1.26%
0
l l -2.56%

104 -7.0%

% change

T T
LS-BMD FN-BEMD

Il > 6 injections

[ =86 injections

Figure 1. Percentage changes in bone mineral density after 12 months.
Abbreviations: LS-BMD: bone mineral density lumbar spine, FN-BMD:

bone mineral density femoral neck. *P < 0.001

Characteristics < 6 injections (n =27) > 6 injections (n = 20) P value
Age (years) 66.3+9.13 64.80 = 9.44 0.587
BMI (kg/m?) 28.9 =3.85 24.00 = 5.11 <0.001
BMD LS (g/cm?) 0.98 = 0.1 1.0+0.11 0.6
BMD LS T-score -1.70 £ 0.71 -1.5+0.96 0.093
BMD FN (g/cm?) 0.8 = 0.08 0.78 + 0.06 0.386
BMD EN T-score -1.65 £ 0.65 -1.91 £ 0.54 0.351
PINP (ng/mL) 25.10 = 23.70 26.47 = 29.36 0.858
CTX (ng/mL) 0.18 +0.12 0.25 +0.14 0.124
Vitamin D (nmol/L) 75.13 = 30.90 92.67 +29.90 0.061
Calcium (mmol/L) 2.31+0.11 2.36 +0.07 0.080
Phosphate (inorganic) (mmol/L) 1.15+0.20 1.19 = 0.21 0.520
Baseline fractures (nr of Fx) 0.48 = 0.75 1.35+1.5 0.012
Pts with Vertebral fractures 6 7

Number of Dmab injections (median) 4 8

Number of Dmab injections (mean) 44+1.5 8.3+1.2 <0.001
Years on Dmab treatment 2.2+0.79 42 +0.6 <0.001

The time of zoledronate administration is considered as the “Baseline” time point. Years on Dmab treatment corresponds also with years with diagnosed osteopo-

rosis as all patients were treatment-naive before Dmab treatment.

Abbreviations: BMI, body mass index; BMD LS, bone mineral density of the lumbar spine; BMD FN, bone density measurement of the femoral neck; nr of Fx,

number of fractures per patient; Pts, patients.
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Table 2. Comparison (absolute values) of bone mineral density and bone turnover markers within and between groups

Variable <6 injections >6 injections Comparison between groups
(P value)

BMD LS (g/cm?)
BL 0.98 =+ 0.10 1.0+0.11 0.6
12 months 0.99 +0.9 0.93 +0.12 0.052
Comparison within group P =0.409 P<0.001

BMD FN (g/cm?)
BL 0.79 = 0.09 0.78 +0.07 0.386
12 months 0.80 = 0.07 0.76 = 0.08 0.05
Comparison within group P=0.394 P=0.034

PINP (ng/mL)
BL 25.10 = 23.7 26.5+29.4 0.858
6 months 30.7+13.8 35.8+12.7 0.196
12 months 44.5 +18.3" 53.1x23.3" 0.232
Comparison within group P=0.001' P=0.006

CTx (ng/mL)
BL 0.18 +0.15 0.25 +0.14 0.124
6 months 0.22 +0.11 0.25 +0.08 0.464
12 months 0.31 = 0.16%¢ 0.31+0.14 0.966
Comparison within group P<0.001 P=0.275

Abbreviations: BMD, bone mineral density; CTX, C-terminal telopeptide of type 1 collagen; FN, femoral neck; LS, lumbar spine; PINP, procollagen type 1

N-terminal propeptide.

2P = 0.001 vs Baseline,

P = 0.007 vs baseline,

‘P < 0.001 vs baseline,

4P < 0.001 vs 6 months,

‘P = 0.01 vs 6 months,
{Greenhouse-Geisser correction

20 o) r, = -0.669

(0] p <0.001

% Change LS-BMD

Time on Dmab (years)

20 o ry=-0.187
p =0.241

% Change FN-BMD

Time on Dmab (years)

Figure 2. Correlation of time on Dmab treatment with changes in lumbar spine (LS) and femoral neck (FN) BMD.

and the years on Dmab treatment in the total cohort,
no other correlations were found between bone turnover
markers (BTMs) and the rest continuous variables of the
study.
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Fractures

During the study, 1 patient of the > 6 Group sustained a
clinical vertebral fracture 12 months after ZOL. No other
fractures were observed.
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Figure 3. Distribution of bone turnover markers in both groups throughout the study. Solid lines = mean values, also joined for every group of pa-
tients. Abbreviations: PM, upper limit of postmenopausal range; PINP 76 ng/mL, CTX 1.0 ng/mL; PreM, upper limit of premenopausal range; PINP

56 ng/mL, CTX 0.57 ng/mL. BL, Baseline; m, months.

Adverse Events

Twenty-three (49%) of the 47 patients developed symp-
toms compatible with a transient acute phase reaction that
was symptomatically treated with paracetamol. No other
adverse events were recorded. No cases of osteonecrosis of
the jaw or atypical femoral fracture were observed.

Discussion

In women with postmenopausal osteoporosis who became
osteopenic with Dmab therapy for up to 3 years, a single
ZOL 5 mg infusion given 6 months after the last Dmab in-
jection, maintained the BMD gains at the spine and the hip
for 1 year. In contrast, women treated for periods longer
than 3 years with Dmab experienced significant BMD
losses at both skeletal sites (7% and 2.6%, respectively).
Duration of Dmab treatment is, therefore, an important de-
terminant of the response to ZOL as further demonstrated
by the significant negative correlation between length of
Dmab treatment and changes in LS-BMD. Our results con-
firm and extend recent observations and recommendations
by Selling et al (7) and European Calcified Tissue Society
(ECTS) experts (3), respectively, by providing evidence of
the efficacy of ZOL over a broad time interval of Dmab
use. Solling et al reported that 20 patients with osteopor-
osis who were treated with Dmab for a mean of 5.2 years
and received ZOL 6 months after the last Dmab injection
lost 4.8% LS-BMD and 3.0% FN-BMD after 1 year (7),
results very similar to ours. Furthermore, our data provide

ENAOKPINOAOTIA - AIABHTOAQT'IA - METABOAIZMOZ

evd()

full support to the recommendation of ECTS experts for
different management strategies of patients treated with
Dmab for less than 2.5 years compared with those treated
for longer periods (3). Notably, in the study of Selling et al
(7) 90% of the patients had received bisphosphonates
before starting Dmab. It appears, therefore, that earlier
bisphosphonate treatment does not affect the response, as
also suggested in a larger observational study (8).

The obvious question is whether the difference in response
to ZOL between the 2 groups in our study is related to differ-
ences in BTM changes following Dmab discontinuation. It has
been previously suggested that the magnitude of the rebound
phenomenon is related to the duration of Dmab treatment,
possibly due to longer-term inhibition of osteoclast differen-
tiation, which leads to a larger pool of osteoclast precursors
that could differentiate synchronously upon Dmab with-
drawal (8). It may, therefore, be that the ZOL 5 mg infusion
may not be adequate to control a postulated greater stimu-
lation of bone resorption caused by the longer duration of
Dmab therapy. While this suggestion is pathophysiologically
attractive, it is not supported by our data. Neither baseline nor
follow-up levels of bone turnover markers differed between
the 2 groups of patients. Although serum PINP values at
6 months were positively correlated with treatment duration,
in both groups of studied women significant changes in BTMs
of similar magnitude occurred between 6 and 12 months after
the ZOL infusion and in no patient in either group an in-
crease in both serum P1NP and CTX values above the upper
limit of the postmenopausal range was observed. Differences,
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therefore, in bone turnover that may explain differences in
BMD responses in our study are unlikely. The possibility of a
transient, early difference in bone marker kinetics between the
groups cannot be excluded but in published studies of BTM
measurements after cessation of Dmab treatment, peak levels
were observed between 6 and 12 months independently of
ZOL use (1, 4). Furthermore, based on the findings of our
study, the only one at present to include exclusively treatment-
naive patients, we could not identify a value of either serum
CTX or PINP that might help in the early identification of
patients at risk for higher bone loss requiring adjustment of
the management. The ECTS group recommended to monitor
BTM at 3 and 6 months after ZOL and in case of increased
BTMs above the mean of age- and sex-matched cohorts to
consider a new infusion of ZOL. Although the recommenda-
tion is rational, our results cannot support this notion as no
significant changes were observed in the 6-month BTMs.
Our 2 studied groups of women not only had dif-
ferent duration of exposure to denosumab but also dif-
fered significantly in 2 major independent risk factors
of bone fragility, namely, BMI and number of prevalent
fractures. Women with longer Dmab exposure had lower
BMI values and higher number of prevalent fractures, sug-
gesting that this group had more severe osteoporosis, this
being the reason they received Dmab for longer periods
to increase BMD to T-score values higher than -2.5. This
speculation is also supported by the findings of the Selling
et al study (7). It may, therefore, be that the state of the
disease is an important determinant of the response to
Dmab treatment and its discontinuation. More severe dis-
ease requires longer treatment, which when stopped leads
to greater BMD losses toward the original values. In our
patients, the period since the recognition of the disease is
clear because all patients were started on Dmab, whereas
in most reports the majority of studied patients had al-
ready received bisphosphonates, the specific pharmaco-
logical properties of which may complicate the analysis of
the responses. Whether there is an intrinsic mechanism that
defines BMD levels at a given time for each untreated in-
dividual is currently unknown. However, if this is the case,
and the skeleton of each individual tends to return to its
pretreatment status, previously described as mechanostatic
reset to a lower bone mass (13), it may explain the cause of
a BTM-independent failure of ZOL to maintain the Dmab-
induced BMD gains among patients with more severe dis-
ease. Unfortunately, BMD values before initiating Dmab
therapy were, by design, not included in our study and we
cannot, therefore, test this hypothesis, which warrants fur-
ther investigation. An alternative, not mutually exclusive,
mechanism may be related to the pharmacodynamic prop-
erties of Dmab in osteoporosis. In a bone biopsy study of
osteoporotic women treated with Dmab for 10 years the
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degree of bone matrix mineralization increased in patients
who received Dmab for 2 or 3 years vs placebo. With con-
tinuing treatment, matrix mineralization increased further
significantly from years 2 or 3 to year 5 but not thereafter
(14). Thus, during treatment with Dmab for 5 years more
mineral was added to bone compared with 2 or 3 years for
a similar reduction of bone remodeling (14). Accordingly,
more mineral should have been added to bone in the > 6
Group of women in our study compared with that added
to the bone of the women of the < 6 Group. After discon-
tinuation of Dmab, a ZOL § mg infusion—which induced
similar changes in BTMs in the 2 groups—while sufficient
to prevent the loss of the added mineral in the women of
the < 6 Group was insufficient to fully prevent the loss of
the higher load of added mineral in the women of the > 6
Group. The result was maintenance of BMD in the former
group and decrease in the latter. This hypothesis is com-
patible with the demonstrated relationship with the length
of Dmab treatment as well as with the findings of all 3
prospective studies of the efficacy of bisphosphonates in
patients discontinuing Dmab (4, 7, 15). Independently of
the mechanism underlying the response, it is notable that
in 91.5% of our patients BMD values remained osteopenic
1 year after ZOL administration. This finding in com-
bination with the low rate (2.1%) of vertebral fractures
justifies the selection of ZOL in a therapeutic strategy of
patients with osteoporosis according to a “treat-to-target”
approach targeting a total hip T-score between -1.5 and
-2.0 (16).

The main limitation of our study is the lack of random-
ization due to the design of the analysis. Consequently, the 2
groups are not equal in size although they had been treated
and followed prospectively according to the same protocol.
However, the study allowed the systematic comparison of
BMD and BTM changes among patients with a different
duration of Dmab treatment who received ZOL 6 months
following its discontinuation; the lack of early blood sam-
pling may be considered an additional limitation.

In conclusion, the duration of Dmab treatment is a sig-
nificant determinant of the overall BMD response after a
single ZOL infusion among patients discontinuing Dmab
treatment. A pragmatic approach would be to follow
closely patients with longer than 3-year history of Dmab
therapy as these may need additional therapeutic interven-
tions in order to consolidate the BMD gains of previous

treatment.
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Results: No significant difference was observed in aBMD between the groups. Bone
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Clinical Research Article SOCIETY trabeculae. The apparent-level toughness and postyield energy were lower in those with
diabetes.Tissue-level (nanoindentation) modulus and hardness were lower in this group.
Compositional differences in the diabetic group included lower mineral:matrix, wider
.. . mineral crystals, and bone collagen modifications—higher total fluorescent advanced
Clinical Research Article glycation end-products (fAGEs), higher nonenzymatic cross-link ratio (NE-xLR), and
. . . . altered secondary structure (amide bands). There was a strong inverse correlation
|nvestlgatlon of MEChanlcaI, Materlal, and between NE-xLR and postyield strain, fAGEs and postyield energy, and fAGEs and
.. - toughness.

composrtlonal Determlnants Of Human Conclusion: The current study is novel in examining bone tissue inT2D following first hip
Trabecular Bone Quality in Type 2 Diabetes fragility fracture. Our findings provide evidence of hyperglycemia’s detrimental effects
on trabecular bone quality at multiple scales leading to lower energy absorption and
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Abstract

Context: Increased bone fragility and reduced energy absorption to fracture associated
with type 2 diabetes (T2D) cannot be explained by bone mineral density alone.This study,
for the first time, reports on alterations in bone tissue’s material properties obtained
from individuals with diabetes and known fragility fracture status.

Objective: To investigate the role of T2D in altering biomechanical, microstructural, and
compositional properties of bone in individuals with fragility fracture.

Methods: Femoral head bone tissue specimens were collected from patients who
underwent replacement surgery for fragility hip fracture. Trabecular bone quality
parameters were compared in samples of 2 groups, nondiabetic (n = 40) and diabetic
(n = 30), with a mean duration of disease 7.5 + 2.8 years.
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Type 2 diabetes (T2D) affects bone homeostasis leading up
to 3-fold increased hip fracture risk compared with those
without diabetes (1-3). This high fragility fracture risk is
observed despite adequate areal bone mineral density
(aBMD) in T2D (4-9). Thus, aBMD underestimates frac-
ture risk in T2D, making the clinical identification of those
at risk for fractures difficult. Beyond aBMD, the key factors
contributing to bone strength are the parameters of bone
quality—microstructure, bone material properties, bone
mineral content and mean crystal size, bone protein (Amide
I and II) quantity and its secondary structure, and bone cell
activity and dynamics (Fig. 1A). These determinants have
been examined individually in few studies and material
properties are often listed as the cause of poor bone quality
in diabetes (10-13). Only animal studies (14-19) and 3 re-
cent studies of human tissue have attempted to address this
question comprehensively (10, 11, 13). A limitation of the
previous human studies is that bone tissue was collected
at the time of arthroplasty and may therefore have con-
founding effects associated with arthritis (including in-
creased trabecular bone density) (10, 11, 13). Furthermore,
no prior studies of bone tissue material properties in hu-
mans have been conducted with known diabetic status and
known fragility fracture status. The current study is novel
in examining human bone tissue following first hip fragility
fracture.

The mechanisms underlying this poor bone quality
and high fracture risk in diabetes are not well under-
stood. Prolonged hyperglycemia leads to an increase in
the nonenzymatic reactions (Maillard reactions) and the
formation of advanced glycation end-products (AGEs)
through post-translation modification (20). AGEs then
accumulate in the bone tissue and react irreversibly with
amino acid residues of peptides or proteins to form pro-
tein adducts or protein crosslinks (21). This phenomenon,

ENAOKPINOAOTIA - AIABHTOAQT A - METABOAIEMOE. €V8 )

widely recognized as nonenzymatic crosslinking (NE-xL),
is the underlying mechanism for multiple complications of
diabetes, as it alters normal cellular functioning and tissue
quality (22, 23). AGE accumulation may also alter mineral-
ization through hyperglycemia affecting bone strength (15).

In the present ex vivo study, we aimed for multiscale
characterization of bone tissue from individuals with
and without diabetes, following hip fracture. This study
includes investigation of the structural parameters at
voxel size consistent with use of microcomputed tom-
ography (p-CT) and corresponding apparent level
mechanical properties measured through the uniaxial
compression test. We also examine bone material prop-
erties (nanoindentation) as well as bone composition
(thermogravimetric analysis [TGA]), mineral crystal size
(X-ray diffraction [XRD]), alterations in protein con-
tent, enzymatic crosslink ratio (E-xLR), nonenzymatic
crosslink ratio (NE-xLR) (Fourier transform infrared
spectroscopy [FTIR]), and fluorescent (f)AGE content in
the human diabetic bone tissue.

Material and Methods
Study Participants

Bone samples were taken from 2 groups of patients who
underwent bipolar hemiarthroplasty or total hip re-
placement following fragility fracture of hip—patients
without diabetes (n = 40) and with diabetes (n = 30).
Replacement surgery was the recommended treatment as
these hip fractures were unsuitable for management with
cannulated cancellous screw or proximal femoral nail.
Patients’ age also favored replacement surgery for better
outcome. T2D was diagnosed according to the American
Diabetes Association criteria (24). None of the patients
had history of hip fracture prior to the fracture reported
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Abstract

Context: Antiresorptive therapy significantly reduces fracture risk in patients with benign bone disease and skeletal-related events (SREs) in
patients with bone metastases (BM). Osteonecrosis of the jaw (ONJ) is a rare but severe condition manifested as necrotic bone lesion or lesions
of the jaws. ONJ has been linked to the use of potent antiresorptive agents, termed medication-related ONJ (MRONJ).

Objective: \We aimed to identify the differences various aspects of MRONJ among distinct patient categories and provide recommendations on
how to mitigate the risk and optimally manage MRONJ in each of them.

Methods: A working group of the European Calcified Tissue Society (ECTS) and 2 experts performed an updated detailed review of existing
literature on MRONJ incidence, characteristics, and treatment applied in bone diseases with variable severity of skeletal insult, ranging from
osteoporosis to prevention of cancer treatment-induced bone loss and SREs in cancer patients with BM.

Results: The risk for MRONJ is much higher in patients with advanced malignancies compared to those with benign bone diseases because
of the higher doses and more frequent administration of antiresorptive agents in individuals with compromised general health, along with
coadministration of other medications that predispose to MRONJ. The overall risk for MRONJ is considerably lower than the benefits in all
categories of patients.

Conclusion: The risk for MRONJ largely depends on the underlying bone disease and the relevant antiresorptive regimen applied. Physicians
and dentists should keep in mind that the benefits of antiresorptive therapy far outweigh the risk for MRONJ development.

Key Words: bisphosphonates, bone metastases, denosumab, osteonecrosis of the jaw, osteoporosis

Abbreviations: AAOMS, American Association of Oral and Maxillofacial Surgeons; Al, aromatase inhibitor; ALN, alendronate; ARONJ, antiresorptive agent-re-
lated osteonecrosis of the jaw; BM, bone metastases; BMA, bone-modifying agent; BP, bisphosphonate; BRONJ, bisphosphonate-related osteonecrosis of the
jaw; CLO, clodronate; CTIBL, cancer treatment-induced bone loss; Dmab, denosumab; DRONJ, denosumab-related osteonecrosis of the jaw; ECTS, European
Calcified Tissue Society; IBN, ibandronate; IV, intravenous; MM, multiple myeloma; MRONJ, medication-related osteonecrosis of the jaw; ONJ, osteonecrosis
of the jaw; OP, osteoporosis; OPG, orthopantomography; PAM, pamidronate; QoL, quality of life; RIS, risedronate; RLX, raloxifene; SRE, skeletal-related event;
TKI, tyrosine kinase inhibitor; TPTD, teriparatide; VEGF, vascular endothelial growth factor; ZOL, zoledronate.

An imbalance of bone turnover, with relatively increased
osteoclast-mediated bone resorption rate, characterizes a
broad spectrum of bone diseases, ranging from osteopor-
osis (OP) and other benign bone diseases to cancer treat-
ment—induced bone loss (CTIBL; aromatase inhibitor
(AI)-induced bone loss, and androgen deprivation—induced
bone loss) and bone metastases (BM) in advanced malig-
nancies. In all these conditions, targeting the osteoclast
with antiresorptive agents is currently the cornerstone of
treatment of the respective bone disease. Among them,
bisphosphonates (BPs), and denosumab (Dmab) are the

more potent and more frequently used agents in everyday
clinical practice.

BPs are divided into oral, including alendronate (ALN),
risedronate (RIS), clodronate (CLO), and ibandronate (IBN),
and intravenous (IV) agents, including IBN, pamidronate
(PAM), and zoledronate (ZOL). In general, oral BPs are pre-
ferred in OP and other benign bone diseases, whereas for pre-
vention of CTIBL and the management of BM, IV BPs are
mostly used (Table 1). Dmab binds the receptor activator of
nuclear factor k-B ligand (RANKL), thus inhibiting osteo-
clast differentiation, function, and survival (1). BPs and Dmab
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Table 2. Nonantiresorptive medications associated with osteonecrosis of the jaw development

Class Representatives

Glucocorticoids
VEGEF inhibitors

Bevacizumab, aflibercept

TKIs Sunitinib, imatinib, cabozantinib, sorafenib, regorafenib, axitinib, pazopanib, dasatinib
mTORIi Everolimus, temsirolimus
BRAF inhibitors Dabrafenib, trametinib

Monoclonal Abs against CD20 Rituximab
Immune checkpoint inhibitors
Lenalidomide

Chemotherapy regimens

Nivolumab, monoclonal Abs against CTLA-4 (ipilimumab)

Cytarabine, idarubicin, and daunorubicin; gemcitabine, vinorelbine, and doxorubicin;

doxorubicin and cyclophosphamide; 5-azacitidine

Leflunomide

Anti-TNF agents Adalimumab

Abbreviations: Abs, antibodies; BRAF, B-Raf; CTLA-4, cytotoxic T-lymphocyte—associated protein 4; TKIs, tyrosine kinase inhibitors; mTORA, inhibitors of
mammalian target of rapamycin; TNF, tumor necrosis factor; VEGEF, vascular endothelial growth factor.

Table 3. Staging according to the American Association of Oral and Maxillofacial Surgeons and the alleged nonexposed variant

Stage Description

At risk Patients treated with bone-modifying agents but without apparent necrotic bone (eg, all asymptomatic
patients treated with antiresorptives)

Stage 0 No clinical evidence of necrotic bone but nonspecific symptoms or clinical/radiographic findings

Stage 1 Exposed and necrotic bone, or fistulae that probe to bone, that are asymptomatic with no evidence of

significant adjacent or regional soft-tissue inflammation or infection

Stage 2 Exposed and necrotic bone, or fistulae that probe to bone, associated with infection, evident by pain and
adjacent or regional soft-tissue inflammatory swelling, with or without purulent drainage

Stage 3 Exposed and necrotic bone, or fistulae that probe to bone, associated with pain and infection, and at least one
of the following: (1) pathologic fracture, (2) extra-oral fistula, (3) oral-antral fistula, or (4) radiographic
evidence of osteolysis extending to the inferior border of the mandible or floor of the maxillary sinus

Nonexposed variant (not widely
adopted)

Presence of otherwise unexplained pain in the jaws, fistula, swelling, mobile teeth, or mandibular fracture
diagnosed after excluding common diseases of the jaw known to cause similar manifestations

may also contribute. Additionally, jaw osteoclasts may ab-
sorb higher amounts of BPs than long bone osteoclasts (18).
Indirect evidence of the pivotal role of bone turnover sup-
pression in MRON]J development derives from the facts that
MRON] has almost exclusively been attributed to the most
potent antiresorptives and is far more common among BM
or MM patients, for whom higher doses are administered
in more frequent intervals, compared to OP. Additional, in-
direct, evidence comes from the improved extraction socket
healing and resolution of ONJ when parathyroid hormone
was administered in animals (19-21) and humans (22, 23).

Local inflammation and infections

Periodontal or periapical disease was common in initially
reported cases (24). Subsequently, animal models proved
that inflammation or bacterial infection combined with
antiresorptives can induce ON]J (25, 26). A complex biofilm,
composed of bacteria, especially Actinomyces species (10,27),
along with fungi and viruses (28), has been identified in biop-
sies of necrotic bone from ONJ lesions. Increased local infec-
tions and impaired oral mucosa healing with BPs suggested
a synergistic role of antiresorptives with inflammation and
infection (29, 30). BP administration has been associated with
proliferation and adhesion to hydroxyapatite of oral bacteria
(31). Furthermore, BPs may impair the immune response to
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infection through activation of v 8 T cells and altered produc-
tion of proinflammatory cytokines (32).

Angiogenesis inhibition

Angiogenesis requires binding of signaling molecules, such as
vascular endothelial growth factor (VEGF), to their receptors
on endothelial cells, and is considered vital for tumor growth
and metastases. VEGF inhibitors are used by oncologists to
deter tumor growth. Osteonecrosis, which is an avascular ne-
crosis, entails interruption of the blood supply in the lesion.
Administration of antiangiogenic agents, for example, anti-
bodies targeting VEGF and TKIs, has been linked with ON]J
occurrence (11). Additionally, glucocorticoids, especially in the
high doses used in the oncology setting, exert antiangiogenic
effects (33). High doses of potent BPs, especially ZOL, have
been consistently associated with decreased angiogenesis ac-
cording to in vitro studies (34, 35) and decreased VEGF levels
in human studies (36, 37). On the contrary, there is no evi-
dence that Dmab exerts antiangiogenic effects (35).

Immune system dysfunction

Accumulated indirect evidence suggests that dysregulation of
the immunological response may contribute to MRON]J de-
velopment. The higher MRON] occurrence when glucocortic-
oids are coadministered with BPs both in animals (38, 39) and
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for treatment of BM. Several local risk factors predispose to
ONJ development (Fig. 1), the most common being tooth ex-
traction. In cancer patients, tooth extraction not only after
but also before initiation of BMA has been associated with
MRON] development (88). However, some studies suggest
that preexisting dental disease, rather than tooth extraction,
is the risk factor (88-93). In a recent systematic review, a
10% risk of MRON] was noted in patients with periodontal
disease treated with BPs (6). As expected, coexistence of local
infection (periodontal/periapical inflammation) and tooth ex-
traction further increases the risk of MRON] (94). Systemic
risk factors such as type of disease and concomitant therapies
(eg, chemotherapy, glucocorticoids, antiangiogenic agents)
also increase MRON] risk (93, 95-110) (see Fig. 1). Among
them, glucocorticoids, especially in the high doses used in
oncology, alone or in combination with other medications,
represent a prominent risk factor. Smoking (111-113), age
(88,97, 114), sex (74, 114), diabetes mellitus (112, 115), and
obesity (111) have also been associated with ON]J risk, espe-
cially in oncology.

Despite the initial enthusiasm regarding the role of markers
of bone resorption in the prediction of MRON] risk, a sys-
tematic review suggested that no marker is useful in this set-
ting (116).

Recently, a decline in the incidence of BRON]J has been
reported, probably due to prevention of clinical risk factors.
A 9-year (2009-2018) survey showed that the number of

Local factors 083126

Tooth extraction
Dental infection, periodontal (gum) disease
Unfitting removable dentures

Other oral surgical procedures

Genetic factors
associated with ONJ*

CYP2C8 rs1934951

(In MM)

new MRONY]J cases was stable from 2009 to 2015, with a
mean of 51.3 cases per year declining during the years 2016
to 2018 to 33.3 cases per year (117). Increased clinician
awareness as well as the reluctance of dental practitioners
to perform dental procedures in patients on antiresorptives
may have contributed to this decline in the incidence of
ONJ.

Medication-related Osteonecrosis of the Jaw
Associated With Denosumab Use

Similarly to BPs, the incidence in OP patients is consider-
ably lower than in cancer patients and risk factors appear
identical (63, 118-129). A systematic review of randomized
controlled trials that directly compared Dmab with BPs in
postmenopausal women with OP identified no reports of
MRON] (126), whereas in the FREEDOM and FREEDOM
extension study the incidence of MRON] was 5.2 per 10 000
patient-years (130). According to the FAERS database, Dmab-
treated OP patients had an odds ratio of 0.63 (95% CI, 0.56-
0.70; P <.001) to develop MRON] compared to untreated
OP patients, whereas in contrast the odds ratio was 4.9 (95%
CL, 4.4-5.4; P <.001) for cancer patients treated with Dmab
for prevention of SREs compared to untreated cancer patients
(131). Similarly, according to the Multinational Association of
Supportive Care in Cancer report, in cancer patients treated
with Dmab, MRON] frequency ranged from 0.7% to 6.9%
for BM, whereas in the setting of CTIBL it was 0% (78).

Drugs factors 5697175139
High BMA dose
High BMA frequency
Total time of BMA exposure
Corticosteroids
Anti-angiogenic drugs

Chemotherapy

Systemic factors 80,83,86-88,91-96,98,101,102,105

Diabetes mellitus
Rheumatoid arthritis
Smoking, alcohol, obesity
Anemia, Previous AFF

HIV infection, Sjogren's syndrome

Figure 1. Risk factors for antiresorptive agent-related osteonecrosis of the jaw. AFF, atypical femoral fracture; BMA, bone-modifying agents; MM,
multiple myeloma; ONJ, osteonecrosis of the jaw; VEGF, vascular endothelial growth factor.
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needed and achieves long-term symptom relief (94, 206, 207).
Cure rates with conservative management are higher for OP
than for cancer patients (207). Management includes the
following:

Osteoporotic patients

/N

‘ Before initiating antiresorptive therapy ‘

Assess for risk factors including
co-morbidities, lifestyle habits
and drugs (see figure 1)

VRN

Low ONJ risk High ONJ risk

k J

Educate patient about Minimize risk
maintaining optimal factors:
dental health by:

-stop smoking,

- tooth brushing (3 reduce alcohol

times daily)
- stop or reduce

drugs that increase
risk, where possible
(see figure 1)

-cleaning between
teeth with daily
interdental brushing

- advise patient to
have a dental
check-up, if not
performed recently

e maintenance of optimal oral hygiene, including self and
regular professional care;

e treatment of any dental and periodontal disease;

e antiseptic mouth rinses; and

‘ On antiresorptive therapy in case of surgical dental procedure

Assess for risk factors
including co-morbidities,
lifestyle habits and drugs
(see figure 1)

When present try to
minimize them

/ \

Low ONJ risk

High ONJ risk

X &

-consider stopping oral
BP therapy at least one

. -Do not stop
week and restarting BP therapy
after healing of the
dental procedure (4 -Do not stop
weeks)* denosumab

-Consider

- consider postponing
zoledronate infusion perioperative
after healing of the antibiotic
dental procedure (4 regimen
weeks) *

appropriate

-Do not stop denosumab

-Consider appropriate
perioperative antibiotic
regimen

-if appropriate,
especially in patients
with high fracture risk,
start teriparatide during
BP suspension

Figure 2. Recommendations for prevention of antiresorptive agent-related osteonecrosis of the jaw in patients taking bone-modifying agents (BMA)
due to A, osteoporosis, and B, cancer. ONJ, osteonecrosis of the jaw; RCT, randomized controlled trial. *In the absence of RCT.
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e At-risk patients: Close clinical and radiographic monitoring is
advised but there is no need for intervention. Nevertheless, pa-
tients must be informed about the possibility of bone exposure l
and necrosis and be able to early identify signs and symptoms

e Stage 0: Since symptoms are not specific, the objective
is to symptomatically control pain and infections, and
closely monitor for signs of progression

e systemic antibiotic therapy, if indicated. Dosages and
duration of therapy varies depending on the stage of
ON]J and the general condition of the patient.

Patients under BMA with ONJ suspicion

. . . -Assess risk factors
Conservative management is mainly applied in the earlier

stages of ONJ (see Fig. 3):

Cancer patients

VAN

‘ Before initiating antiresorptive therapy ‘

-Make differential diagnosis

-Refer to an expert dentist

-Perform imaging exam

the oncologist for cancer patients or the treating
physician for osteoporotic patients should discuss with
the patient and balance the reduction of fracture risk or
skeletal related events and improved quality of life

obtained with BMA in each case \
«— v \
Stage 0 Stage I Stage Ill

} } ! }

Stopping or continuing
BMA should be carefully
considered*

’ On antiresorptive therapy in case of surgical dental procedure

Assess for risk factors
including co-morbidities,
lifestyle habits and drugs (see
figure 1)

-Minimize risk factors:

-stop smoking, reduce
alcohol

Stopping or continuing
BMA should be carefully
considered*

- stop or reduce drugs
that increase risk,
where possible (see

When present try to minimize Continue BMA* Continue BMA*

them

figure 1)
-dental check-up X

screening is
mandatory

- if needed, perform

The oncologist should balance
the reduction of skeletal related

}

!

Conservative

Conservative strategy

Systemic antibiotics

}

Systemic antibiotics

strate
dental procedure (i.e. event and improved quality of &Y Improve oral hygiene Antibacterial mouth Antibacterial mouth
tooth extraction life obtained with BMA and the Improve oral . . rinses rinses
. . . Antibacterial mouth
before starting BMA) possible risk of ONJ related to hygiene

- educate patients on
maintaining optimal
dental health

-after initiating BMA
therapy, a dental visit
is recommended
every 6 months

-Educate patients to
recognize ONJ
symptoms

the BMA drugs (see figurel)
and discuss it with the patient

Stopping or continuing BMA
should be carefully considered*

-Start appropriate
perioperative antibiotic

rinses

Pain control therapy

Consider surgical
debridement

Possible associated
therapy (laser, etc.
low evidence)

Pain control therapy

Consider surgical
debridement

Resection of the bone
including surgical
debridement if needed

Possible associated
therapy (laser etc. low
evidence)

consider teriparatide
(only in osteoporotic
patients)

Figure 3. Recommendations for management of antiresorptive agent-related osteonecrosis of the jaw in patients taking bone-modifying agents (BMA).
Staging of antiresorptive agent-related osteonecrosis of the jaw according to the American Association of Oral and Maxillofacial Surgeons (2014). ONJ,
osteonecrosis of the jaw; RCT, randomized controlled trial. *In the absence of RCT.

regimen
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-For surgical procedures, refer
to an oral maxillofacial
surgeon or oral oncology
center having awareness of
ONJ

e Stage 1: Management with chlorhexidine mouthwash Teriparatide (TPTD) was helpful in ONJ management in sev-
and regular follow-up. Neither antibiotic nor surgical eral case reports (22, 23, 208-215). In a recent study in pa-
intervention is required tients with established MRON], TPTD treatment for 8 weeks

e Stage 2: Owing to necrosis and associated infection, an  resulted in a significantly higher number of lesions healed
antibiotic regimen with an antimicrobial mouthwash and and reduced bone defects by 52 weeks compared with pla-
oral antibiotics is the treatment of choice

Figure 2. Continued. cebo (216). Once-weekly TPTD was also effective (217). At
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present, TPTD treatment is contraindicated in patients with
active malignancies or a history of BM or skeletal radiation.
However, given the rapid turnover of TPTD, a brief exposure
(eg, 8 weeks) will most likely not affect the “alleged” risk of
osteosarcoma, reported in rats but never demonstrated in hu-
mans (218), or activate quiescent malignant cells.

Weak evidence suggests other experimental conservative
treatments may be helpful (Table 4).

Conservative therapy should be preferred over surgical
management unless obvious progression of disease is ob-
served or the pain is not controlled by conservative means.

Surgical management
Surgical treatment should be performed by experienced den-

tists or surgeons. Surgical management is applied in the latter
stages of ONJ (see Fig. 3):

e Stage 2: Besides the antibiotic regimen reported earlier,
debridement is often needed (232-238)

e Stage 3: Surgical management is indicated along with an
antibiotic regimen. The surgical approach varies (232-
238), ranging from limited debridement to complete
resection with possible immediate reconstruction with
plates or obturators (232, 239). A more conservative
treatment should initially be considered, limiting opera-
tive therapy for cases not solved by this approach (238,
240, 241). However, the limited available data do not
allow conclusive indications on surgical intervention.
According to previous guidelines, removal of the necrotic
bone with tension-free closure should be preferred, as it
is considered to provide the most positive results.

Surgical success rates have been reported higher in OP and MM
patients in comparison to patients with solid tumors (242).
Adjuvant treatments have also been proposed (243), al-
though scientific evidence has often been controversial be-
cause of the lack of randomized controlled trials (Table 4).

Special Considerations

Table 5 presents the suggested approaches in i) dental pro-
cedures in low- and high-risk patients receiving antiresorptive
treatment, and ii) patients receiving antiresorptives who
develop ONJ.

A balanced evaluation of the risk-to-benefit ratio of con-
tinuing or stopping antiresorptives should always be per-
formed in such patients. A detailed medical history should be
obtained, evaluating the duration and type of antiresorptives
(current or past), concurrent pharmacological treatments, the

presence of other risk factors for ONJ, and the risk of fracture
or SRE. Clinical decision should also be made in relation to
the invasiveness of the procedure.

Discontinuation of antiresorptive treatment in patients
requiring dental procedures is particularly controversial be-
cause of low evidence to support strong recommendations.
The following are the most accepted guidelines:

e American Dental Association Guidelines in 2011 recog-
nized the lower risk in OP patients and stated that dis-
continuation of oral BPs is not necessary before dental
procedures (200)

e The AAOMS, admitting the lack of scientific evidence,
suggested in 2014 a drug holiday in patients who have
been on BPs or Dmab for at least 4 years (6)

e The US Food and Drug Administration stated there are
“no substantial data available to guide decisions re-
garding the initiation or duration of a drug holiday”
(258)

¢ An ONJ International Task Force in 2015 recommended
stopping antiresorptive treatment in patients needing
extensive invasive surgery or presenting with signifi-
cant ON]J risk factors (64) until soft-tissue healing has
occurred.

Our recommendations on the subject, along with our concerns,
are summarized in Table 5. Discontinuation until the surgical
site heals could be considered in case of BPs, especially if the
fracture risk is low and the MRON] risk is high. Theoretically,
since the uptake of BPs is comparatively increased at sites of
local bone injury with high bone turnover, withholding BP
treatment may reduce their local deposition in the jawbone. It
has been proposed that BPs may be discontinued 1 week be-
fore the procedure and resumed when healing of oral mucosa
is completed (84, 245), usually 2 to 4 weeks after the dental
treatment (9, 74). However, the optimal duration of the off-
treatment period is unknown and, furthermore, the efficacy of
such an approach is questionable given the residual effect of
BPs due to their long-term skeletal retention and the fact that
no study results to date have confirmed that drug holidays
are effective in preventing MRON]J. Recent evidence from a
study in OP patients (249) suggests that tooth extraction can
be safely performed without BP discontinuation while sus-
pension of BP treatment in animals (250) and humans (251,
252) who developed MRONT] did not provide any significant
benefit. Lower doses of antiresorptive therapy have also been
proposed (74), but without supporting evidence. Especially in
cancer patients, in whom the vast majority of MRON]J inci-
dents occur, although it has been recommended to withhold

Table 4. Adjuvant therapies applied in management of osteonecrosis of the jaw

During conservative management

During surgical management

e Bone marrow stem cell intralesional transplantation (219) e Laser-assisted surgical debridement (220, 221)

e Leukocyte and platelet rich fibrin membrane placement e Preoperative antibiotic treatment followed by laser and wound local treatment
(183,222,223) with platelet-rich plasma applications (224)

e Ozone (225) e Surgical debridement in combination with platelet-derived growth factor (183)

e Pentoxifylline (226) e Intraoperative fluorescence guidance (227, 228)

e Vitamin E (226) e Longer-term preoperative antibiotics (229)

e Hyperbaric oxygen therapy o Adjunctive therapy with hyperbaric oxygen combined with surgery (230, 231)
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Table 5. Recommendations for dental management in specific conditions

A.Dental procedures during antiresorptive therapy
Patients at low risk of ON]J

Conservative treatments (restorative treatment, non-surgical endodontic treatment, prosthodontic/orthodontic therapy) are safe”

Elective dentoalveolar surgery, simple extractions, and procedures that do not involve osteotomy are considered to be of low risk (9)

Placement of dental implants entails small risk

Antimicrobial mouthwash before/after procedure is advised. Systemic antibiotics are also advised in nonconservative treatments (180)

Antiresorptive treatment management
Osteoporotic patients

Do not discontinue bisphosphonates”

Do not discontinue denosumab—perform procedure preferably 5-6 mo following the last injection

Lower doses of antiresorptives (74)? No supporting evidence
Cancer patients
Do not discontinue bisphosphonates’*
Do not discontinue denosumab
Patients at high risk of ONJ

Mild conservative treatments (restorative treatment, removal of dental caries) are usually safe

Nonsurgical endodontic treatment has a small risk—could be an alternative to extraction (244)¢

Root canal treatment and/or decoronation preferred over extraction (244)

Antimicrobial mouthwash, systemic antibiotics before/after the procedure, avoidance of anesthetic agents that contain vasoconstrictor,

avoidance of gingival tissue damage

Denture wearing not prohibited (avoid exerting excessive pressure or friction) (79)

Antiresorptive treatment management

Osteoporotic patients

Bisphosphonates could be discontinued (at least 1 wk before and until surgical site healing) (84, 245)¢

Do not discontinue denosumab—perform procedure preferably 5-6 months following last injection (245, 246)—perform next denosumab
injection 4-6 wk after the procedure but not > 4 wk later than it should be done

Consider replacing antiresorptives with teriparatides
No data on romosozumab

Cancer patients

Personalized decision in agreement with treating oncologist, weighing risk of ON]J against risks of SREs

Bisphosphonates could be discontinued

Short-term denosumab discontinuation (eg, 3 wk before and 4-6 wk after dental procedure has been advised) (247)—no clear benefit”

B.Antiresorptive treatment management in patients who develop ONJ

Consider discontinuing antiresorptives until complete soft-tissue closure after carefully weighing risk of ongoing ON]J with risk of fractures

or SREs'

Consider teriparatide until complete soft-tissue closure (22) (in osteoporotic but probably not in cancer patients—individualized approach)

Abbreviations: ONJ, osteonecrosis of the jaw; SRE, skeletal-related event.

“A few, not well-documented cases of ON]J reported after nonsurgical endodontic procedures (248).

PResidual effect of bisphosphonates questions the effect of discontinuation on ONJ; in osteoporotic patients tooth extraction safely performed without
bisphosphonate discontinuation (249); suspension of bisphosphonates not beneficial in animals (250) and humans (251, 252) who developed ONJ.
‘Reduction in SRE risk is greater and the risk of ONJ lower in first years of bisphosphonate therapy (247).

Soft-tissue damage during endodontic treatment has also been associated with initiation of ONJ process (253).

‘Unknown optimal duration of off-treatment period.

Based on denosumab pharmacokinetics, its effect on bone turnover is almost depleted around 6 months following the last injection (245, 246).
¢Concerns: limited duration of teriparatide treatment (23); temporary decrease at least of hip bone mineral density (254); uncertain effect on rebound

phenomenon after denosumab discontinuation (246).

POPG-Fc discontinuation before tooth extraction ameliorated subsequent ONJ development in rodents (250); in contrast, in a multicenter retrospective
Japanese study short-term denosumab discontinuation had no effect on ONJ risk (255).
‘Concerns: denosumab discontinuation infers increased risk of multiple vertebral fractures (256, 257); discontinuation of either ZOL or OPG-Fc in rats

with established ONJ did not lead to ONJ resolution (250).

/Teriparatide is theoretically contraindicated in cancer patients but a brief exposure (eg, 8 wk) should not activate quiescent malignant cells.

antiresorptive therapy following dental procedures until soft-
tissue healing has occurred (64), current evidence supporting
this recommendation is limited and controversial, with some
studies showing a benefit (242, 259) while others have shown
a neutral effect on the outcome of the dental procedure (94,
260, 261).

In Dmab-treated OP patients, discontinuation should be
discouraged in light of the risk for multiple vertebral fractures
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(256, 257, 262). Instead, based on the pharmacokinetics of
Dmab, dental procedures could be planned at around 5 to
6 months following the last injection, when the effects of
Dmab on bone turnover are depleted (245, 246). In cancer
patients, Dmab could be withheld but only for a short period
(3 wk before to 4-6 wk after the dental procedure) (247),
because of the risk both of multiple vertebral fractures and
SREs. However, there is no evidence that such a strategy

Z20z fienuer 20 uo woo'lewb@spejselseue e Aq y6699/8889e6p/WauUIR/0LLZ L 0| /1I0p/8lo1e-souBApe/Wadl/Wwod dno-olwapese)/:sdyy Wolj papeojumod




METABOAIZMOL OXTON | AGANASIOS ANASTASINAKHE METABOAIZMOE OXTON | AGANASIOS ANASTASINAKHE

N
o

ORIGINAL ARTICLE

JBMR

Safety and Efficacy of Oral Human Parathyroid Hormone
(1-34) in Hypoparathyroidism: An Open-Label Study

The Journal of Clinical Endocrinology & Metabolism, 2021, Vol. XX, No. XX, 1-14 -‘
https://doi.org/10.1210/clinem/dgab577

o . ENDOCRINE
Clinical Research Article SOCIETY

Clinical Research Article

PaTH Forward: a Randomized, Double-Blind,

Sofia Ish-Shalom,’ Yoseph Caraco,” Nariman Saba Khazen,' Michal Gershinsky,' Auryan Szalat,?
Phillip Schwartz,® Ehud Arbit,? Hillel Galitzer,> © Jonathan CY Tang,* Gregory Burshtein,® Ariel Rothner,?
Arthur Raskin,> Miriam Blum,* and William D Fraser*?

Placebo-Controlled Phase 2 Trial of TransCon PTH
in Adult Hypoparathyroidism

Aliya A. Khan,’ Lars Rejnmark,? Mishaela Rubin,?
Peter Schwarz, Tamara Vokes,” Bart Clarke,’ Intekhab Ahmed,’
Lorenz Hofbauer,® Claudio Marcocci,” Uberto Pagotto,”® Andrea Palermo,"
Erik Eriksen,'?Meryl Brod,"* Denka Markova,'*Alden Smith,'* Susanne Pihl,"®
Sanchita Mourya,'* David B. Karpf,”” and Aimee D. Shu™

'Department of Endocrinology and Metabolism and Geriatrics, McMaster University, Hamilton, Ontario
L8S 4L8, Canada; 2Department of Endocrinology and Internal Medicine, Aarhus University Hospital, 8200
Aarhus N, Denmark; *Metabolic Bone Disease Unit, Columbia University, New York, New York 10027,
USA; *Department of Endocrinology, Rigshospitalet, Copenhagen and Faculty of Health Sciences,
Copenhagen University, 2200 Copenhagen N, Denmark; °Section of Endocrinology, Diabetes and
Metabolism, University of Chicago, Chicago, lllinois 60637, USA; ®Division of Endocrinology, Diabetes,
Metabolism, and Nutrition, Mayo Clinic, Rochester, Minnesota 55905, USA; "Thomas Jefferson University,
Philadelphia, Pennsylvania 19107, USA; SUniversit4tsklinikum Dresden, 01307 Dresden, Germany;
SUniversity of Pisa, 56126 Pisa, Italy; "°Division of Endocrinology and Diabetes Prevention and Care,
IRCCS Azienda Ospedaliero-Universitaria di Bologna, Department of Medical and Surgical Sciences
(DIMEC), Alma Mater Studiorum University of Bologna, 40126 Bologna, Italy; "'Unit of Endocrinology
and Diabetes, Campus Bio-Medico University, 00128 Rome, Italy; ?Oslo University Hospital, Institute of
Clinical Medicine, 0372 Oslo, Norway; "*The Brod Group, Mill Valley, California 94941, USA; “Ascendis
Pharma Inc, Palo Alto, California 94301, USA; and "*Ascendis Pharma A/S, 2900 Hellerup, Denmark

ORCiD numbers: 0000-0001-6568-8588 (C. Marcocci); 0000-0002-1143-4926 (A. Palermo); 0000-0003-1801-5289 (A. D. Shu).

Abbreviations: AE, adverse event; CTx, C-telopeptide; FECa, fractional excretion of calcium; HPES, Hypoparathyroidism
Patient Experience Scale; P1INP, procollagen type 1 N-terminal propeptide; PEG, polyethylene glycol; PTH, parathyroid
hormone; rh, recombinant human; SAE, serious adverse event; SC, subcutaneous; sCa, serum Ca; SF-36, generic 36-Item
Short Form Health Survey.

Received: 4 June 2021; Editorial Decision: 2 August 2021; First Published Online: 4 August 2021; Corrected and Typeset:
8 September 2021.

Abstract

Context: Hypoparathyroidism is characterized by insufficient levels of parathyroid
hormone (PTH).TransCon PTH is an investigational long-acting prodrug of PTH(1-34) for
the treatment of hypoparathyroidism.
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ABSTRACT

The standard treatment of primary hypoparathyroidism (hypoPT) with oral calcium supplementation and calcitriol (or an analog),
intended to control hypocalcemia and hyperphosphatemia and avoid hypercalciuria, remains challenging for both patients and cli-
nicians. In 2015, human parathyroid hormone (hPTH) (1-84) administered as a daily subcutaneous injection was approved as an
adjunctive treatment in patients who cannot be well controlled on the standard treatments alone. This open-label study aimed to
assess the safety and efficacy of an oral hPTH(1-34) formulation as an adjunct to standard treatment in adult subjects with hypopara-
thyroidism. Oral hPTH(1-34) tablets (0.75 mg human hPTH(1-34) acetate) were administered four times daily for 16 consecutive
weeks, and changes in calcium supplementation and alfacalcidol use, aloumin-adjusted serum calcium (ACa), serum phosphate, uri-
nary calcium excretion, and quality of life throughout the study were monitored. Of the 19 enrolled subjects, 15 completed the trial
per protocol. A median 42% reduction from baseline in exogenous calcium dose was recorded (p = .001), whereas median serum ACa
levels remained above the lower target ACa levels for hypoPT patients (>7.5 mg/dL) throughout the study. Median serum phosphate
levels rapidly decreased (23%, p = .0003) 2 hours after the first dose and were maintained within the normal range for the duration of
the study. A notable, but not statistically significant, median decrease (21%, p = .07) in 24-hour urine calcium excretion was observed
between the first and last treatment days. Only four possible drug-related, non-serious adverse events were reported over the
16-week study, all by the same patient. A small but statistically significant increase from baseline quality of life (5%, p = .03) was
reported by the end of the treatment period. Oral hPTH(1-34) treatment was generally safe and well tolerated and allowed for
a reduction in exogenous calcium supplementation, while maintaining normocalcemia in adult patients with hypoparathyroidism.
© 2021 The Authors. Journal of Bone and Mineral Research published by Wiley Periodicals LLC on behalf of American Society for Bone
and Mineral Research (ASBMR).

KEY WORDS: HYPOPARATHYROIDISM; ORAL PARATHYROID HORMONE; PARATHYROID-RELATED DISORDERS; CALCIUM/PHOSPHATE DISORDERS;
PARATHYROID HORMONE

levels. The leading cause of hypoPT in adults is iatrogenic, typi-

individuals” and is biochemically characterized by low serum
calcium and low or undetectable parathyroid hormone (PTH)

cally secondary to excision or injury incurred during anterior
neck surgery.”? Less common etiologies include autoimmune
disease, congenital absence, and genetic disorders resulting in
defective biosynthesis or secretion of the hormone.® The char-
acteristic hypocalcemia in hypoPT is due to PTH levels

rimary hypoparathyroidism (hypoPT) is a rare mineral
metabolism disorder, with a prevalence of 22 per 100,000
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grade 1 wedge, 2 (25%) had grade 2 wedge, and 1 (12.5%) had grade 2 wedge and grade
2 biconcave VFE In the hypoparathyroid group, 57% with VFs and 32% without VFs had
symptoms of hypoparathyroidism.

Conclusion: We demonstrate for the first time that in postmenopausal women with
chronic postsurgical hypoparathyroidism, VFs are demonstrable by VFA despite normal
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Abstract

Context: Hypoparathyroidism is a rare endocrine disorder whose skeletal features
include suppression of bone turnover and greater volume and width of the trabecular
compartment. Few and inconsistent data are available on the prevalence of vertebral
fractures (VF).

Objective: To evaluate the prevalence of VF assessed by vertebral fracture assessment
(VFA) in postmenopausal women with chronic postsurgical hypoparathyroidism.
Design: Cross-sectional study

Setting: Ambulatory referral center.

Patients or Other Participants: Fifty postmenopausal women (mean age 65.4 + 9 years)
with chronic postsurgical hypoparathyroidism and 40 age-matched healthy
postmenopausal women (mean age 64.2 + 8.6).

Main outcome measures: Lumbar spine, femoral neck, and total hip bone mineral
density were measured by dual X-ray absorptiometry (Hologic Inc., USA) in all subjects.
Site-matched spine trabecular bone score was calculated by TBS iNsight (Medimaps,
Switzerland). Assessment of VF was made by VFA (iDXA, Lunar GE, USA) using the
semiquantitative method and the algorithm-based qualitative assessment.

Results: All-site BMD values were higher in the hypoparathyroid vs the control group.
By VFA, we observed a 16% prevalence of VF in hypoparathyroid women vs 7.5% in
control subjects. Among those with hypoparathyroidism who fractured, 5 (62.5%) had
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Hypoparathyroidism is a rare disorder of mineral metab-
olism characterized by low serum calcium levels and low
or undetectable parathyroid hormone (PTH). The most
common form occurs as a complication of anterior neck
surgery. It is defined as chronic when insufficient parathy-
roid function persists for more than 6 months after surgery
(1). A prevalence of postsurgical hypoparathyroidism ran-
ging from 1.3 to 30/100 000 persons per year is reported
by epidemiological studies from several different geograph-
ical areas (2-4). Reported incidences range from 0.8% to
13.4% after anterior neck surgery (4-6).

Most of the clinical manifestations and complications of
hypoparathyroidism are related to its biochemical profile,
namely low serum calcium and PTH levels. They involve
several organs (1). Among them, the skeleton has been a
focus because of potential deleterious effects of persistent
exposure to low or undetectable PTH. Skeletal features
of hypoparathyroidism include low bone turnover with
greater volume and width of the trabecular compartment
and lower cortical porosity (7). Histological findings in
the hypoparathyroid skeleton comprise reduction of the
mineralizing surface and reduced indices of bone turnover
(7). By dual X-ray absorptiometry (DXA), these skeletal
abnormalities are evident as normal or above average bone
mineral density (BMD) and trabecular microarchitecture
[as evaluated by trabecular bone score (TBS)], compared to
healthy subjects (7,8). Assessment of bone quality by high-
resolution peripheral quantitative computed tomography
show higher trabecular number at tibia and reduced cor-
tical porosity at both tibia and radius (9). To date, there
are no clear data elucidating how these skeletal character-
istics could potentially relate to clinically relevant reduc-
tion or increase in bone fragility in hypoparathyroidism.
Indeed, there are no definitive data on the prevalence of
fragility fracture in hypoparathyroidism (10). According
to Underbjerg et al, discrepancy exists between the risk of
upper extremities fractures in the non-surgical (higher risk)
vs the postsurgical hypoparathyroid subjects, compared
to the general population. A study in 104 patients with
idiopathic hypoparathyroidism showed higher prevalence
of vertebral fractures (VF) compared to healthy subjects,
particularly in association with postmenopausal status and
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anticonvulsant therapy (11). Other studies reported incon-
sistent results in the prevalence of VF and non-VF in hypo-
parathyroid vs control subjects (12-14).

Vertebral fracture assessment (VFA) is an established,
reliable and accurate methodology for the diagnosis of VF
in patients with osteoporosis and other metabolic bone dis-
ease (15-19). As such, VFA is recommended for the evalu-
ation of VF in adult patients and children with different
metabolic bone disease by national and international con-
sensus statements and guidelines (19-21). When analyzed
by radiologists with the requisite expertise in the evaluation
of vertebral morphology, VFA has significant advantages
compared to the conventional X-ray (16,22). The VFA
methodology is associated with lower radiation exposure,
easier and faster spine image acquisition, and the lack of the
parallax effect that increases vertebral distortion and there-
fore the rate of misdiagnosis with routine vertebral X-ray.

To our knowledge, no study has yet assessed the preva-
lence of VF in postmenopausal women with chronic
postsurgical hypoparathyroidism. In particular, VFA has
not been employed in this cohort of patients. The primary
aim of the study was to assess this issue by comparing
postmenopausal hypoparathyroid women with a cohort
of age-matched healthy women. We also evaluated risk
factors for VF in postmenopausal women with chronic
hypoparathyroidism.

Materials and Methods
Participants

We studied 50 postmenopausal women with chronic
postsurgical hypoparathyroidism (mean age 65.4 = 9 years)
and 40 age-matched healthy postmenopausal women
(mean age 64 =+ 8.5 vyears) as the control group.
Hypoparathyroid subjects were recruited between
November 2017 and December 2019 among those con-
secutively referred to the Unit of Internal Medicine and
Metabolic Bone Disease, Sapienza University of Rome and
meeting inclusion and exclusion criteria. The diagnosis of
chronic postsurgical hypoparathyroidism was established
by the persistent presence of serum calcium and PTH
levels below normal for at least 1 year after neck surgery
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Abstract

Context: Preoperative imaging is performed routinely to guide surgical management in
primary hyperparathyroidism, but the optimal imaging modalities are debated.
Objective: Our objectives were to evaluate which imaging modalities are associated
with improved cure rate and higher concordance rates with intraoperative findings.
A secondary aim was to determine whether additive imaging is associated with higher
cure rate.

Design, Setting, and Patients: This is a retrospective cohort review of 1485 adult patients
during a 14-year period (2004-2017) at an academic tertiary referral center that presented
for initial parathyroidectomy for de novo primary hyperparathyroidism.

Main Outcome Measures: Surgical cure rate, concordance of imaging with operative
findings, and imaging performance.

Results: The overall cure rate was 94.1% (95% confidence interval, 0.93-0.95). Cure rate
was significantly improved if sestamibi/single-photon emission computed tomography
(SPECT) was concordant with operative findings (95.9% vs. 92.5%, P=0.010). Adding a
third imaging modality did not improve cure rate (1 imaging type 91.8% vs. 2 imaging
types 94.4% vs. 3 imaging types 87.2%, P=0.59). Despite having a low number of cases
(n =28), 4-dimensional (4D) CT scan outperformed (higher sensitivity, specificity, positive
predictive value, negative predictive value) all imaging modalities in multiglandular
disease and double adenomas, and sestamibi/SPECT in single adenomas.
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Conclusions: Preoperative ultrasound combined with sestamibi/SPECT were associated
with the highest cure and concordance rates. If pathology was not found on ultrasound
and sestamibi/SPECT, additional imaging did not improve the cure rate or concordance.
4D CT scan outperformed all imaging modalities in multiglandular disease and
double adenomas, and sestamibi/SPECT in single adenomas, but these findings were

underpowered.

Key Words: preoperative, imaging, primary hyperparathyroidism, cure, concordance

Primary hyperparathyroidism (PHPT) is the most common
cause of hypercalcemia in the outpatient setting and is the
third most common endocrine disorder, with prevalence
differing between sex and race (1-3). Despite routine serum
calcium measurements, PHPT remains underrecognized (4,
5). The estimated prevalence of PHPT in 2018 was 23 cases
per 10 000 women and 8.5 per 10 000 men, with an in-
cidence of 66 cases per 100 000 person-years in women
and 25 per 100 000 person-years in men (3, 6). The at-
tributable cause in about 70% to 80% of cases is a single
parathyroid adenoma with the remainder comprising
multiglandular disease, which includes both double aden-
omas and 4-gland hyperplasia. Parathyroid malignancy is
seen in 1%, typically with a more aggressive presentation
(3,7). PHPT workup uses laboratory investigation to estab-
lish the diagnosis and imaging guide surgical planning (1,
3). Pharmacologic management involves bisphosphonate
or calcimimetic therapy to reduce the deleterious effects
of hypercalcemia, when surgical indications are not met.
However, parathyroidectomy remains the standard of care
and most cost-effective option, with established criteria
helping to guide surgical referral (1, 3, 6, 8).

Although preoperative imaging is not required to es-
tablish a diagnosis, it is typically performed routinely to
guide surgical management. Because of the wide variability
between institutional protocols and surgeon preferences,
the optimal imaging modality is debated (9). Historically,
ultrasound (US) and nuclear scintigraphy (sestamibi/single-
photon emission computed tomography [SPECT]) are
first-line imaging modalities with comparable accuracy for
preoperative localization for PHPT (6, 9, 10). However,
with increasing utilization of 4-dimensional (4D)-CT, the
role of these traditional modalities is being questioned
(11-13).

The ability to perform a focal exploration depends on re-
liable preoperative localization. Despite reported cure rates
of ~96% with focal exploration, limited data show that pre-
operative localization may not be the most accurate, with
nonlocalized abnormal parathyroid glands being identified
at surgical exploration. Given these discrepancies, there is
a need to better define the role for preoperative imaging to
optimize surgical decision-making and outcomes (14-16).
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The aim of this study was to evaluate the primary imaging
modalities associated with an improved cure rate based on
intraoperative concordance with imaging in patients with
PHPT. A secondary aim was to determine the effect of addi-

tive imaging modalities on remission rates.

Methods

The institutional review board approved this retrospective
cohort study of patients undergoing initial surgery for de
novo primary hyperparathyroidism from 2004-2017 at
any United States-based Cleveland Clinic Health System.
Consent was determined to not be necessary and was
waived by the Cleveland Clinic Foundation institutional
review board/independent ethics committee given the min-
imal risk posed to patients for this study. All patients were >
18 years of age and were identified using the International
Classification of Diseases 9 or 10 codes for primary hyper-
parathyroidism (252.0, E21.0, E21.3, E21.4, and E21.5).
All charts were manually reviewed to confirm inclusion
within the study.

Data collection

A manual chart review was conducted to collect vari-
ables. Demographics, including age, sex, and race, were
obtained. Preoperative and postoperative laboratory
values related to primary hyperparathyroidism, including
calcium, intact parathyroid hormone (iPTH), and phos-
phorus, were reviewed. The preoperative laboratory
values were the most recent in our medical record system
before surgical management with a target of being
within 1 month of the operative date. The postoperative
laboratory values collected at 1 month postoperatively
and at least 6 months after parathyroidectomy. If pa-
tients did not have preoperative laboratory values, and/
or 6-month postoperative laboratory values, they were
excluded from analysis. Preoperative imaging consisted
of ultrasound, plain technetium sestamibi scintigraphy,
sestamibi SPECT with iodine subtraction (sestamibi/
SPECT), CT, or 4D CT. The CT neck images were subdiv-
ided into categories (4D CT, CT neck with and without
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Abstract

Context: COVID-19, caused by severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), which has become the most lethal and rapidly moving pandemic since the
Spanish influenza of 1918-1920, is associated with thyroid diseases.

Methods: References were identified through searches of PubMed and MEDLINE for
articles published from Jan 1, 2019 to February 19, 2021 by use of the MeSH terms
“hypothyroidism’] “ hyperthyroidism’, “ thyroiditis’] “ thyroid cancer’, “ thyroid disease’, in
combination with the terms “coronavirus” and “COVID-19" Articles resulting from these
searches and references cited in those articles were reviewed.

Results: Though preexisting autoimmune thyroid disease appears unlikely to render pa-
tients more vulnerable to COVID-19, some reports have documented relapse of Graves’
disease (GD) or newly diagnosed GD about 1 month following SARS-CoV-2 infection.
Investigations are ongoing to investigate molecular pathways permitting the virus to
trigger GD or cause subacute thyroiditis (SAT). While COVID-19 is associated with non-
thyroidal illness, it is not clear whether it also increases the risk of developing auto-
immune hypothyroidism. The possibility that thyroid dysfunction may also increase
susceptibility for COVID-19 infection deserves further investigation. Recent data illustrate
the importance of thyroid hormone in protecting the lungs from injury, including that
associated with COVID-19.

Conclusion: The interaction between the thyroid gland and COVID-19 is complex and bi-
directional. COVID-19 infection is associated with triggering of GD and SAT, and possibly
hypothyroidism. Until more is understood regarding the impact of coronavirus on the
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thyroid gland, it seems advisable to monitor patients with COVID-19 for new thyroid dis-

ease or progression of preexisting thyroid disease.

Key Words: COVID-19, thyroid diseases, hyperthyroidism, subacute thyroiditis, autoimmune thyroiditis, non-thyroidal

iliness, hypothyroidism, thyroid cancer

COVID-19 is an infectious disease caused by a newly
identified non-segmented single-stranded ribonucleic acid
(RNA)-f coronavirus, named severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2), which is thought
to have spread from infected animal species to humans,
this leading in turn to person-to-person transmission [1].
COVID-19 has proven to be the most lethal and most rap-
idly moving pandemic since that of 1918, having caused
2 857 866 deaths as of April 8,2021. In humans, it affects,
inter alia, the respiratory, neurological, cardiovascular, and
gastrointestinal systems. The virus is highly contagious,
showing in some people high morbidity and mortality
mainly due to severe acute respiratory syndrome (SARS)
and exaggerated immune response (cytokine storm),
leading to sepsis and death [2].

Although the disease affects all ages, the worst prognosis
is seen in the elderly, in individuals with chronic underlying
diseases—particularly obesity and diabetes mellitus—and
reduced organ reserves, and in those with a particular
genetic susceptibility to the virus, allowing it an easy en-
trance. COVID-19 has had a dramatic impact on daily life,
profoundly affecting anxiety levels, the healthcare system,
human activity and behavior, and the economy; all of
which is proving exceedingly difficult for societies world-
wide to cope with [3].

The spike proteins covering the coronavirus bind to
angiotensin-converting enzyme 2 (ACE2) receptors, regu-
lators of the renin-angiotensin-aldosterone system (RAAS),
which are present on the epithelial surface of human cells.
SARS-CoV-2 recruits a serine protease, TMPRSS2, which
facilitates viral protein priming and cytoplasmic entry [4].
SARS-CoV-2 cell receptor (ACE2 receptor) genes are vari-
ably expressed in human organs, with the highest expression
being in the small intestine, followed by the testis, heart, thy-
roid, kidney, and lungs, rendering these tissues particularly
susceptible to infection [5]. The widespread expression of the
ACE2 receptor and its variable density may explain the var-
iety of symptoms and spectrum of organ failure occurring in
patients with COVID-19 and other underlying diseases.

The fact that there is an abundance of ACE2 recep-
tors in the thyroid parenchyma may expose the thyroid
gland to SARS-CoV-2 infection. Awareness of the poten-
tial for resulting thyroid pathology allows the identifica-
tion of vulnerable patient groups in a timely fashion so that
therapeutic intervention and long-term monitoring can be
implemented. Additionally, a patient’s thyroid status may
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have a direct impact on the course of COVID-19 due to
the impact of thyroid hormone on multiple organs systems,
including the cardiovascular and respiratory systems. In
addition, given that thyroid abnormalities have been as-
sociated with disorders such as diabetes, obesity, kidney,
dysfunction, and liver disease and that patients with these
conditions are at increased risk for COVID-19 infection
[6], it is possible that an underlying poorly controlled thy-
roid disorder may aggravate SARS-CoV-2 infection [7].

The aim of this mini-review is to summarize the cur-
rent data regarding associations of COVID-19 with hyper-
thyroidism, with special focus on the potential impact of
SARS-CoV-2 as a causal factor in the development of sub-
acute thyroiditis (SAT) and as a trigger or perpetuator of
Graves’ disease (GD). Associations between COVID 19 and
non-thyroidal illness and hypothyroidism will be explored.
Moreover, the possibility will also be considered that thy-
roid dysfunction may be associated with worse COVID-19
outcomes. If this is the case, monitoring of thyroid status
in COVID-19 patients, particularly those with preexisting
thyroid disease, may be prudent.

Methods

References were identified through searches of PubMed
and MEDLINE for articles published from Jan 1, 2019
to February 19, 2021 by use of the MeSH terms “hypo-
thyroidism”, “byperthyroidism”, “thyroiditis”, “thyroid
cancer”, “thyroid disease”, in combination with the terms
“coronavirus” and “COVID-19”. Articles resulting from
these searches and references cited in those articles were
reviewed. Relevant articles were also identified through
searching authors’ personal files. Preference was given to
the most recent articles. A formal systematic review and
grading of evidence was not undertaken. Greater emphasis
was placed on high quality articles; however, given the fast
pace at which knowledge regarding this topic is accruing,
weight was also given to case reports and case series, due to
their hypothesis-generating value.

Results

COVID-19 and the Immune System, and
Subsequent Clinical Course

The immune profile of patients with COVID-19 has
revealed that the disease causes severe lymphocyte
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Abstract

Objective: Alterations in thyroid function tests (TFTs) have been recorded during SARS-CoV-2 infection as associated to

either a destructive thyroiditis or a non-thyroidal iliness.

Methods: We studied 144 consecutive COVID-19 patients admitted to a single center in intensive or subintensive care
units. Those with previous thyroid dysfunctions or taking interfering drugs were excluded. Differently from previous
reports, TSH, FT3, FT4, thyroglobulin (Tg), anti-Tg autoantibodies (TgAb) were measured at baseline and every 3-7 days.

C-reacting protein (CRP), cortisol and IL-6 were also assayed.

Results: The majority of patients had a normal TSH at admission, usually with normal FT4 and FT3. Low TSH levels were
found either at admission or during hospitalization in 39% of patients, associated with low FT3 in half of the cases.

FT4 and Tg levels were normal, and TgAb-negative. TSH and FT3 were invariably restored at the time of discharge in
survivors, whereas were permanently low in most deceased cases, but only FT3 levels were predictors of mortality.
Cortisol, CRP and IL-6 levels were higher in patients with low TSH and FT3 levels.

Conclusions: Almost half of our COVID-19 patients without interfering drugs had normal TFTs both at admission

and during follow-up. In this series, the transient finding of low TSH with normal FT4 and low FT3 levels, inversely
correlated with CRP, cortisol and IL-6 and associated with normal Tg levels, is likely due to the cytokine storm

induced by SARS-Cov-2 with a direct or mediated impact on TSH secretion and deiodinase activity, and likely not to a

destructive thyroiditis.

European Journal of
Endocrinology
(2021) 184, 699-709

Introduction

Due to the ACE2 expression, thyroid may become a target
of coronavirus infection (1, 2, 3, 4) and indeed a thyroid
involvement has been demonstrated by histology during
the SARS-Cov-1 (5) and SARS-Cov-2 (6) outbreaks, as
thyroid follicular cells damage or lymphocytic infiltration,
respectively. An alteration in thyroid function tests (TFT)
mainly characterized by the reduction of TSH levels has
been recorded during SARS-CoV-2 infection as associated

to either a destructive thyroiditis or a non-thyroidal
illness (NTI). Indeed, cases of destructive thyrotoxicosis
(7, 8, 9) or subacute thyroiditis (10, 11, 12, 13, 14, 15,
16) have been reported in patients with COVID-19
infection. On the other hand, SARS-CoV-2 coronavirus
can cause immune response hyperactivity leading to the
release of pro-inflammatory cytokines which may cause
a cytokine storm (15). In this context, changes in serum
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Role of non-thyroidal iliness syndrome in predicting adverse
outcomes in COVID-19 patients predominantly of mild-to-
moderate severity
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Abstract

Objective: Existing studies reported the potential prognostic role of non-thyroidal illness
syndrome (NTIS), characterized by low triiodothyronine (T3) with normal/low thyroid-
stimulating hormone (TSH), mainly in severe COVID-19. None considered the significant
impact of SARS-CoV-2 viral load on adverse outcomes. We aimed to clarify the prognos-
tic role of NTIS among predominantly mild-to-moderate COVID-19 patients.

Design: A prospective study of COVID-19 patients.

Patients and Measurements: Consecutive adults admitted to Queen Mary Hospital
for confirmed COVID-19 from July to December 2020 were prospectively recruited.
SARS-CoV-2 viral load was represented by cycle threshold (Ct) values from real-time
reverse transcription-polymerase chain reaction of the respiratory specimen on ad-
mission. Serum TSH, free thyroxine and free T3 were measured on admission. The
outcome was deterioration in clinical severity, defined as worsening in 21 category
of clinical severity according to the Chinese National Health Commission guideline.
Results: We recruited 367 patients. At baseline, 75.2% had mild disease, and 27 pa-
tients (7.4%) had NTIS. Fifty-three patients (14.4%) had clinical deterioration. Patients
with NTIS were older, had more comorbidities, worse symptomatology, higher SARS-
CoV-2 viral loads and worse profiles of inflammatory and tissue injury markers. They
were more likely to have clinical deterioration (p < .001). In multivariable stepwise lo-
gistic regression analysis, NTIS independently predicted clinical deterioration (adjusted
odds ratio 3.19, p = .017), in addition to Ct value <25 (p < .001), elevated C-reactive
protein (p = .004), age >50 years (p = .011) and elevated creatine kinase (p = .017).
Conclusions: Non-thyroidal illness syndrome was not uncommon even in mild-to-
moderate COVID-19 patients. NTIS on admission could predict clinical deterioration
in COVID-19, independent of SARS-CoV-2 viral load, age and markers of inflammation

and tissue injury.

KEYWORDS
COVID-19, euthyroid sick syndromes, prognosis, SARS-CoV-2, thyroid function tests, thyroid
gland
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Activation of Type | and Type Il Interferon
Signaling in SARS-CoV-2-Positive Thyroid Tissue
of Patients Dying from COVID-19

Anello Marcello Poma,' Alessio Basolo? Diana Bonuccelli® Agnese Proietti! Elisabetta Macerola,
Clara Ugolini," Liborio Torregrossa,' Greta Al Riccardo Giannini,' Paola Vignali,
Ferruccio Santini? Antonio Toniolo,* and Fulvio Basolo™

Background: Thyroid dysfunctions have been reported after Severe Acute Respiratory Syndrome Coronavirus
2 (SARS-CoV-2) infection. However, the biological mechanisms behind these conditions remain unexplored.
Herein, we report on changes of the immune transcriptome in autoptic thyroid tissues of people who have died
from coronavirus disease 2019 (COVID-19).

Methods: Twenty-five autoptic thyroid specimens of subjects dying from COVID-19 were investigated. Eleven
autoptic thyroid specimens of subjects dying from causes other than infectious conditions served as controls.
RNA transcripts of 770 immune-related genes together with RNA genomes of multiple coronavirus types were
measured by the nCounter system. Reverse transcription—polymerase chain reaction for two SARS-CoV-2
genes was used to assess virus positivity. Results were validated by immunohistochemistry.

Results: The SARS-CoV-2 genome and antigens were detected in 9 of 25 (36%) thyroid specimens from the
COVID-19 cohort. Virus-negative thyroid tissues from COVID-19 subject did not show changes of gene
transcription nor significant numbers of infiltrating immune cells. Conversely, SARS-CoV-2-positive thyroid
specimens showed marked upregulation of immune genes, especially those proper of the type I and type II
interferon (IFN) pathways. In infected tissues, infiltrates of innate immune cells (macrophages and polymor-
phonuclear neutrophils) were prevalent.

Conclusions: The thyroid gland can be directly infected by the SARS-CoV-2. Infection strongly activates IFN
pathways. The direct viral insult combined with an intense immune response may trigger or worsen thyroid
conditions in predisposed individuals.

Keywords: autopsy, COVID-19, interferons, SARS-CoV-2, thyroid

Introduction factors for SARS-CoV-2 (4,5). Accordingly, endocrine dys-
functions especially of the thyroid have been reported.
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Abstract

Context: Thyroid dysfunction occurs commonly following immune checkpoint inhibition.
The etiology of thyroid immune-related adverse events (irAEs) remains unclear and

AT THE END OF 2019, cases of pneumonitis of unknown
etiology were reported in Wuhan, China (1). In a few
months, the coronavirus disease 2019 (COVID-19) was
spreading worldwide (2). The disease typically involves the
lungs, but recent findings report that COVID-19 is also a
condition associated with endothelial damage (3). As a con-
sequence, the Severe Acute Respiratory Syndrome Cor-
onavirus 2 (SARS-CoV-2) may affect multiple organs,
including endocrine glands. Different endocrine tissues, in
fact, have been shown to express the angiotensin-converting
enzyme 2 (ACE2) and the transmembrane serine protease 2
(TMPRSS2), two surface proteins acting as host cell entry

However, the spectrum of thyroid disorders linked to SARS-
CoV-2 infection is rather broad. The first reports of altered
thyroid functions were classified under three different con-
ditions: nonthyroidal illness syndrome (NTIS), thyrotoxico-
sis, and subacute thyroiditis (SAT) (6-9). Although NTIS and
thyrotoxicosis are not necessarily associated with the direct
virus infection of thyroid cells (9), SAT is a likely conse-
quence of virus replication within thyroid follicular cells
(10). In addition, the possible thyroid tropism of SARS-
CoV-2 (11-13) is suggested by the observation that COVID-
19 may precede the onset of Graves’ disease (GD), an
immune-mediated condition linked to both genetic and

"Department of Surgical, Medical, Molecular Pathology and Critical Area, University of Pisa, Pisa, Italy.

clinical presentation can be variable.

Objective: This study sought to define thyroid irAEs following immune checkpoint
inhibitor (ICl) treatment and describe their clinical and biochemical associations.
Methods: We performed a retrospective cohort study of thyroid dysfunction in
patients with melanoma undergoing cytotoxic T-lymphocyte antigen-4 (CTLA-4) and/or
programmed cell death protein-1 (PD-1) based ICI treatment from November 1, 2009, to
December 31, 2019. Thyroid function was measured at baseline and at regular intervals
following the start of ICl treatment. Clinical and biochemical features were evaluated for
associations with ICl-associated thyroid irAEs. The prevalence of thyroid autoantibodies
and the effect of thyroid irAEs on survival were analyzed.
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Abstract

Severe thyroid dysfunction may lead to menstrual disorders
and subfertility. Fertility problems may persist even after re-
storing normal thyroid function, and then an assisted repro-
ductive technology (ART) may be a solution. Prior to an ART
treatment, ovarian stimulation is performed, leading to high
oestradiol levels, which may lead to hypothyroidism in wom-
en with thyroid autoimmunity (TAI), necessitating levothy-
roxine (LT4) supplements before pregnancy. Moreover,
women with the polycystic ovarian syndrome and idiopath-
ic subfertility have a higher prevalence of TAl. Women with
hypothyroidism treated with LT4 prior to ART should have a
serum TSH level <2.5 mIU/L. Subfertile women with hyper-
thyroidism planning an ART procedure should be informed
of the increased risk of maternal and foetal complications,

and euthyroidism should be restored and maintained for
several months prior to an ART treatment. Fertilisation rates
and embryo quality may be impaired in women with TSH
>4.0 mlU/Land improved with LT4 therapy. In meta-analyses
that mainly included women with TSH levels >4.0 mIU/L, LT4
treatment increased live birth rates, but that was not the
case in 2 recent interventional studies in euthyroid women
with TAI. The importance of the increased use of intracyto-
plasmic sperm injection as a type of ART on pregnancy out-
comes in women with TAIl deserves more investigation. For
all of the above reasons, women of subfertile couples should
be screened routinely for the presence of thyroid disorders.

© 2021 European Thyroid Association
Published by S. Karger AG, Basel

Introduction

The prevalence of thyroid disorders in women aged
20-45 years is high, and that of subfertility is increasing
worldwide in part due to improved public awareness and
diagnosis. Therefore, the female partner in a subfertile
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As part of the subfertility
work-up in women

Y

Measure TSH and
TPOAb/TgAb!

TSH >4.0 mlU/LY2 | TSH 2.51-4.0 mIU/L" [TSH 0.30-2.50 mIU/L | TSH <0.30 mlU/L2

1
1l
A M M g Mg M A

___________ Lo _——-----———--%-
f treated, adapt LT4 dose 4 weeks before starting OS3E

Measure
FT3 and FT4

V4

¥ -
| Normal | Increased/decreased
\ 4 A \ 4 \ 4 Y
Initiate LT4 and Check TSH . Postpone ART
control TSH Ca?te;rkggf after OS if treated Rc;:trlene and perform
before starting OS3 with LT4* endocrine work-up

Fig. 1. Algorithm for workup and management of thyroid disor-
ders in women of subfertile couples starting an ART procedure. 'If
not possible for local terms, then measure TgAb in case TSH >2.5
mIU/L and negative TPOAb/look for sonographic criteria of TAI
if available. 2Or above/below the reference range of the assay for
non-pregnant women or institutional population-specific values.
3LT4 dose depending on baseline TSH level and body weight; start
25 pg when TSH 2.51-4.0 mIU/L — target TSH <2.5 mIU/L. *De-

more pronounced elevation of TSH might still benefit
from LT4 treatment. The same Cochrane systemic re-
view as mentioned before [88] identified 2 studies that
met the inclusion criteria [13, 21], but the results of one
of those studies were not used because the integrity of
the data could not be verified. The other study random-
ized 64 women (with and without TAI) with TSH >4.5
mIU/L scheduled for IVF/ICSI to LT4 or no treatment.
LT4 treatment was associated with 27-100% chance of
live birth compared to 25% in the control group. The
level of evidence was downgraded for imprecision from
low to very low.

Chapter-Specific Recommendations/Suggestions

We suggest that LT4 treatment is initiated before OS
in women with TSH levels >4.0 mIU/L/ULRR undergo-
ing IVF/ICSI (2, @000).

290 Eur Thyroid J 2020;9:281-295
DOI: 10.1159/000512790
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cide to treat on a case-by-case basis (cf text for details). *In case of
pregnancy, the day of the second/confirmatory hCG measure-
ment. TAI, thyroid autoimmunity; TgAb, thyroglobulin antibod-
ies; TPOADb, thyroid peroxidase antibodies; LT4, levothyroxine;
hCG, human chorionic gonadotropin; OS, ovarian stimulation;
ART, assisted reproductive technology. The figure is reproduced
from Unuane and Poppe (Female infertility: do we forget the thy-
roid? J Endocrinol Invest. 2015) with permission from Springer.

Screening/Management in Daily Practice

We suggest screening for thyroid dysfunction (TSH)
and autoimmunity (TPOAb) in women of subfertile cou-
ples planning an ART treatment. The presence of in-
creased TgADb levels can be verified in women with TSH
levels >2.5 mIU/and no increased TPOAD levels.

According to the general principles of screening by
Wilson and Jungner, the case of subfertility and ART ful-
fils many of the prerequisites [94]. The presence of in-
creased TPOAD levels may identify women at risk for de-
veloping hypothyroidism after OS or during gestation
and be a predictive marker for the development of post-
partum thyroiditis [95]. Furthermore, women with
PCOS, POI, and idiopathic subfertility have a higher
prevalence of TAI and serum TSH levels compared with
fertile women [6, 9, 25]. Serum TSH levels >3.5 mIU/L are
associated with impaired ART outcomes, and LT4 treat-

Poppe/Bisschop/Fugazzola/Minziori/
Unuane/Weghofer
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Thyroid Function Test Abnormalities in Twin Pregnancies
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Background: Compared with singletons, a twin pregnancy is associated with a larger thyroid hormone demand
and an increased stimulation of gestational thyroid function due to higher concentrations of human chorionic
gonadotropin. However, such effects have been sparsely quantified. The aim of this study was to evaluate thyroid
function and thyroid function test abnormalities in twin pregnancies during early and late pregnancy compared
with singletons.

Methods: We included 1208 twin pregnancies and 46,834 singleton pregnancies with thyroid function tests
available. Thyroid function test abnormalities were defined using population-based reference ranges. The analyses
were adjusted for potential confounders including maternal age and body mass index.

Results: Compared with singletons, a twin pregnancy was associated with a lower thyrotropin (TSH) (f=-0.46
[95% confidence interval, CI —0.49 to —0.44], p<0.001) and a higher free thyroxine (fT4) (f=0.91 [CI 0.69—
1.16], p<0.001) during early pregnancy. During late pregnancy, a twin pregnancy was associated with a higher
TSH ($=0.35 [CI 0.29-0.42], p <0.001) while fT4 did not differ (f=-0.11 [CI -0.22 to 0.01], p=0.065). During
early pregnancy, a twin pregnancy was associated with a higher risk of overt hyperthyroidism (odds ratio,
OR=7.49 [CI 6.02-9.33], p<0.001), subclinical hyperthyroidism (OR=5.26 [CI 4.17-6.64], p<0.001), and
isolated hypothyroxinemia (OR=1.89 [CI 1.43-2.49], p<0.001), but with a lower risk of subclinical hypo-
thyroidism (OR=0.27 [CI 0.13-0.54], p<0.001). In late pregnancy, a twin pregnancy was associated with a
higher risk of subclinical hypothyroidism (OR=4.05 [CI 3.21-5.11], p<0.001), isolated hypothyroxinemia
(OR=1.48 [CI 1.04-2.10], p=0.028), and subclinical hyperthyroidism (OR=1.76 [CI 1.27-2.43], p<0.001).
Conclusions: During early pregnancy, a twin pregnancy was associated with a higher thyroid function and a
higher risk of (subclinical) hyperthyroidism, as well as a higher risk of isolated hypothyroxinemia. During late
pregnancy, a twin pregnancy was associated with a higher TSH concentration and a higher risk of subclini-
cal hypothyroidism, as well as a persistently higher risk of isolated hypothyroxinemia and subclinical hyper-
thyroidism. The study was approved by Chinese Clinical Trial Registry (registration no. ChiCTR1800014394).

Keywords: thyroid, dysfunction, TSH, fT4, twin pregnancy

Introduction

ADEQUATE THYROID HORMONE availability is crucial for
the growth and development of the fetus, predominantly
the fetal brain (1). During the first 18—20 weeks of pregnancy,
the fetus predominantly depends on the placental transfer of
maternal thyroid hormones. Some studies showed that thy-
roid dysfunction during pregnancy is associated with various
adverse pregnancy and child outcomes such as spontaneous
abortion, preterm birth, gestational hypertensive disorders,

gestational diabetes, low birth weight, and suboptimal off-
spring neuropsychological development (2,3).

Physiological changes during pregnancy increase the de-
mand for thyroid hormone production such as an increase in
thyroxine binding proteins (mainly thyroxine binding glob-
ulin), placental type 3 deiodinase expression, and the con-
sumption of thyroid hormone by the fetus (4,5). In parallel,
thyroid hormone production is upregulated through addi-
tional stimulation of the thyroid gland by high concentra-
tions of human chorionic gonadotropin (hCG). In a twin
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Maternal Thyroid Hormone Programs Cardiovascular
Functions in the Offspring

Mehdi Pedaran,' Rebecca Oelkrug,' Qian Sun®' Julia Resch,' Lutz Schomburg??®" and Jens Mittag™"

Background: Maternal thyroid hormone (TH) plays an essential role for fetal development, especially for the
cardiovascular system and its central control. However, the precise consequences of altered TH action during
the different periods in pregnancy remain poorly understood.

Methods: To address this question, we used mice heterozygous for a mutant thyroid hormone receptor o1 (TRa1)
and wild-type controls that were born to wild-type mothers treated with 3,3”,5-triiodothyronine (T3) during the
first or the second half of pregnancy. We then phenotyped the offspring animals as adults by in vivo measure-
ments and postmortem tissue analyses.

Results: Maternal T3 treatment in either half of the pregnancy did not affect postnatal growth development.
Serum thyroxine and hypophyseal thyrotropin subunit beta or deiodinase type II expression was also not af-
fected in any group, only TRxl mutant males exhibited a reduction in serum T3 levels after the treatment.
Likewise, hepatic deiodinase type I was not altered, but serum selenium levels were reduced by the maternal
treatment in wild-type offspring of both genders. Most interestingly, a significant increase in heart weight was
found in adult wild-types born to mothers that received T3 during the first or second half of pregnancy, while
TRa1 mutant males were protected from this effect. Moreover, we detected a significant increase in heart rate
selectively in male mice that were exposed to elevated maternal T3 in the second half of the pregnancy.
Conclusion: Taken together, our findings demonstrate that maternal TH is of particular relevance during the
second half of pregnancy for establishing cardiac properties, with specific effects depending on TRa1 or gen-
der. The data advocate routinely monitoring TH levels during pregnancy to avoid adverse cardiac effects in the
offspring.

Keywords: cardiovascular system, fetal programming, heart, pregnancy, thyroid hormone, TRo1 signaling

Introduction to produce thyrotropin (TSH), which drives the thyroid gland

to release THs. THs in turn negatively regulate TRH and

HYROID HORMONE (TH) is important for development

(1). As the fetal thyroid gland does not produce hor-
mones until late pregnancy in humans, around embryonic day
15 in mice (2), the embryonal demand for the hormone needs
to be met by the maternal thyroid gland (3). Consequently,
defects in maternal thyroid function can severely impact the
fetus, especially the developing brain (4), as well as preg-
nancy outcomes including miscarriage and growth retarda-
tion. Moreover, the offspring’s setting of the hypothalamic/
pituitary/thyroid (HPT) axis can be permanently altered (5,6).
The HPT axis regulates circulating THs via an endocrine
feedback loop. Thyrotropin-releasing hormone (TRH) is se-
creted by the hypothalamus, stimulating the anterior pituitary

TSH, thereby affecting their own production and release (7).
This tightly controlled mechanism is required as TH has po-
tent effects on many physiological functions, including en-
ergy homeostasis (8) and cardiac contractility or heart rate
(9-11). The active hormone 3,3’,5-triiodothyronine (T3) acts
via nuclear TH receptors (TRs), namely TRa1 and TRf (12),
which bind to target genes and lead to activation or suppres-
sion of gene expression (13).

Despite TH’s major role in development, it is currently
controversial whether pregnant women should be routinely
screened for thyroid function, and whether to substitute in
subclinical cases (14,15). As maternal thyroid dysfunction
can impair cognitive and motor development in the offspring
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Paternal Subclinical Hypothyroidism Affects
the Clinical Outcomes of In Vitro
Fertilization/Intracytoplasmic Sperm Injection

Meng Rao, Zexing Yang,' Cunmei Su,' Zihan Zhao,' Ruixue Wan,' Jiang Liu,
Youlin Yao,' Zhenfang Su,' Kunhua Wang? Li Tang, and Shuhua Zhao'

Background: Maternal subclinical hypothyroidism (SCH) is a risk factor for adverse pregnancy outcomes.
However, it is still unclear whether SCH affects male fertility. The aim of this study was to determine the
association between paternal SCH and clinical outcomes after in vitro fertilization/intracytoplasmic sperm
injection (IVF/ICSI).

Methods: This retrospective study included 2511 couples with paternal euthyroidism (n=2282) or SCH (n=229)
who visited our clinic for infertility treatment between April 1, 2017, and September 30, 2019. The primary
outcomes were the fertilization rate and clinical pregnancy rate; the secondary outcomes were the good-quality
embryo rate, blastocyst formation rate, implantation rate, and early miscarriage rate. These outcomes were
compared between the euthyroid and the SCH groups after adjusting for various potential confounders.
Results: The mean paternal ages in the euthyroid and SCH groups were 34.5 and 36.0 years, respectively
(p=0.002). Semen parameters and sperm DNA fragmentation index were similar between the two groups (all
p>0.05). The adjusted fertilization (0.69 vs. 0.71, p=0.30), good-quality embryo (0.49 vs. 0.52, p=0.31),
blastocyst formation (0.51 vs. 0.53, p=0.57), and early miscarriage (0.11 vs. 0.10, p=0.81) rates were also similar
between the two groups. There was a significantly decreased adjusted clinical pregnancy rate [confidence interval,
CI] and implantation rate [CI] in the paternal SCH group compared with the euthyroid group (0.32 [0.26-0.40] vs.
0.42 [0.40-0.45], p=0.009 for the clinical pregnancy rate; 0.24 [0.19-0.29] vs. 0.29 [0.27-0.31], p=0.037 for the
implantation rate). Stratified analysis indicated that these differences were only significant in men aged >35 years
(p=0.009 and 0.022, respectively) and not in men <35 years (p=0.39 and 0.45, respectively).

Conclusions: Paternal SCH was associated with worse clinical outcomes after IVF/ICSI, whereas this detrimental
impact was only present in males =35 years old. Prospective studies and basic research are warranted to confirm
these results and to clarify the mechanisms underlying these associations, respectively.

Keywords: subclinical hypothyroidism, thyroid function, IVF/ICSI, clinical outcomes

Introduction

SUBCLINICAL HYPOTHYROIDISM (SCH) is defined as an
elevated serum thyrotropin (TSH) concentration coex-
isting with a normal serum thyroxine (T4) concentration. In
our previous study, we identified an association between
maternal SCH and decreased ovarian reserve (1). Others have
also described associations between maternal SCH and ad-
verse pregnancy outcomes, such as a decreased good-quality
embryo rate or clinical pregnancy rate, or an increased risk of
miscarriage (2-5). Women with SCH might therefore benefit
from levothyroxine (LT4) supplementation before or during

their attempt to conceive (6). However, the effect of LT4
supplementation on naturally conceived pregnancies and
pregnancies achieved by assisted reproductive technology
(ART) is different: LT4 supplementation significantly de-
creases the odds of pregnancy loss in pregnancies achieved
by ART, but not in naturally conceived pregnancies, among
women with SCH. By contrast, LT4 seems to reduce the risks
of pregnancy loss and preterm birth in naturally conceived
pregnancies, but not in pregnancies achieved by ART, among
patients with thyroid autoimmunity (TAI), as indicated by
our previously published study (6). These different effects
suggest that SCH may influence the fertility of infertile
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1 | INTRODUCTION

Abstract

Introduction: Little is known about the pathophysiology of hyperemesis gravidarum
(HG). Proposed underlying causes are multifactorial and thyroid function is hypoth-
esized to be causally involved. In this study, we aimed to assess the utility of thyroid-
stimulating hormone (TSH) and free thyroxine (FT4) as a marker and predictor for the
severity and clinical course of HG.

Material and methods: We conducted a prospective cohort study including women
admitted for HG between 5 and 20 weeks of gestation in 19 hospitals in the
Netherlands. Women with a medical history of thyroid disease were excluded. TSH
and FT4 were measured at study entry. To adjust for gestational age, we calculated
TSH multiples of the median (MoM). We assessed HG severity at study entry as se-
verity of nausea and vomiting (by the Pregnancy Unique Quantification of Emesis and
nausea score), weight change compared with prepregnancy weight, and quality of life.
We assessed the clinical course of HG as severity of nausea and vomiting and quality
of life 1 week after inclusion, duration of hospital admissions, and readmissions. We
performed multivariable regression analysis with absolute TSH, TSH MoMs, and FT4.
Results: Between 2013 and 2016, 215 women participated in the cohort. TSH, TSH
MoM, and FT4 were available for, respectively, 150, 126, and 106 of these women.
Multivariable linear regression analysis showed that lower TSH MoM was signifi-
cantly associated with increased weight loss or lower weight gain at study entry
(AKg; p = 2.00, 95% Cl 0.47-3.53), whereas absolute TSH and FT4 were not. Lower
TSH, not lower TSH MoM or FT4, was significantly associated with lower nausea and
vomiting scores 1 week after inclusion (p = 1.74, 95% Cl 0.36-3.11). TSH and FT4
showed no association with any of the other markers of the severity or clinical course
of HG. Twenty-one out of 215 (9.8%) women had gestational transient thyrotoxicosis.
Women with gestational transient thyrotoxicosis had a lower quality of life 1 week
after inclusion than women with no gestational transient thyrotoxicosis (p = 0.03).
Conclusions: Our findings show an inconsistent role for TSH, TSH MoM, or FT4 at

time of admission and provide little guidance on the severity and clinical course of HG.

KEYWORDS
disease severity marker, free thyroxine, hyperemesis gravidarum, nausea and vomiting in
pregnancy, thyroid function, thyroid-stimulating hormone

Key message

Hyperemesis gravidarum (HG) is a severe form of nausea and vomit-

ing in pregnancy (NVP) affecting 0.3%-3.6% of pregnancies.*? HG is

Thyroid measurement in women admitted for hyperemesis

gravidarum provides little guidance on predicting disease

the most common reason for hospital admission in early pregnancy,

severity and course.

but evidence-based effective treatment options are currently lim-

ited.®>* Because of the major impact of HG on maternal well-being

and quality of life, a marker that could help to identify the severity

and clinical course of HG would be of value for assessing a patient's
prognosis and individualizing patient care.”®
Little is known about the pathophysiology of HG. Proposed un-

derlying causes are multifactorial and related to maternal endocrine ceptor have been implicated.”°
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and placental function as well as to gastrointestinal conditions, al-
though recently genetic causes, including involvement of the growth
differentiation factor-15 gene (GDF15), a cachexia gene, and its re-
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IMMUNOLOGY, AUTOIMMUNITY, AND GRAVES’ OPHTHALMOPATHY

Influence of Dietary Habits on Oxidative Stress
Markers in Hashimoto’s Thyroiditis

Rosaria Maddalena Ruggeri,"? Salvatore Giovinazzo? Maria Cristina Barbalace?
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Background: There is a growing awareness that nutritional habits may influence risk of several inflammatory
and immune-mediated disorders, including autoimmune diseases, through various mechanisms. The aim of the
present study was to investigate dietary habits and their relationship with redox homeostasis in the setting of
thyroid autoimmunity.

Materials and Methods: Two hundred subjects (173 females and 27 males; median age, 37 years) were
enrolled. None were under any pharmacological treatment. Exclusion criteria were any infectious/inflammatory/
autoimmune comorbidity, kidney failure, diabetes, and cancer. In each subject, serum thyrotropin (TSH), free
thyroxine, antithyroid antibodies, and circulating oxidative stress markers were measured. A questionnaire on
dietary habits, evaluating the intake frequencies of food groups and adherence to the Mediterranean diet, was
submitted to each participant.

Results: Among the 200 recruited subjects, 81 (71 females and 10 males) were diagnosed with euthyroid
Hashimoto’s thyroiditis (HT); the remaining 119 (102 females and 17 males) served as controls. In ques-
tionnaires, HT subjects reported higher intake frequencies of animal foods (meat, p =0.0001; fish, p=0.0001;
dairy products, p=0.004) compared with controls, who reported higher intake frequencies of plant foods
(legumes, p=0.001; fruits and vegetables, p=0.030; nuts, p=0.0005). The number of subjects who preferen-
tially consumed poultry instead of red/processed meat was lower in HT subjects than in controls (p=0.0141). In
logistic regression analysis, meat consumption was associated with increased odds ratio of developing thyroid
autoimmunity, while the Mediterranean diet traits were protective. In HT subjects, serum advanced glycation
end products (markers of oxidative stress) were significantly higher (p=0.0001) than in controls, while the
activity of glutathione peroxidase and thioredoxin reductase, as well as total plasma antioxidant activity, were
lower (p=0.020, p=0.023, and p=0.002, respectively), indicating a condition of oxidative stress. Stepwise
regression models demonstrated a significant dependence of oxidative stress parameters on consumption of
animal foods, mainly meat.

Conclusions: The present study suggests a protective effect of low intake of animal foods toward thyroid
autoimmunity and a positive influence of such nutritional patterns on redox balance and potentially on oxidative
stress-related disorders.

Keywords: Hashimoto’s thyroiditis, diet, oxidative stress, vegetarianism, thyroid autoimmunity, antioxidants,
Mediterranean diet
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Physical activity, sports participation and exercise-related constraints in adult
women with primary hypothyroidism treated with thyroid hormone replacement
therapy
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ABSTRACT ARTICLE HISTORY
Awareness of physical activity (PA) constraints in patients with primary hypothyroidism on thyroid Accepted 3 June 2021
hormone replacement therapy (THR) is important. Hence, this cross-sectional matched case-control

. . A . - h s . KEYWORDS
study aimed to determine PA and sports participation (SP) in patients with hypothyroidism on THR in Autoimmune thyroiditis;
comparison to control subjects. Accordingly, survey questions were selected from the National Survey on comorbid conditions; '
Injuries and Physical Activity in the Netherlands (IPAN), supplemented with questions related to self- exercise tolerance;
reported clinical characteristics and exercise-related constraints (ERC) of patients. In total, 1,724 female Hashimoto disease; physical
patients (mean age 53.0 years +11.6) and 1,802 controls (mean age 52.6 + 13.2) were included. Compared fitness
to controls, patients were less likely to comply with the moderate-intensity PA guideline (OR 0.70; 95% Cl:
0.611-0.803), although patients were more actively participating in sports (OR 1.40; 95% Cl: 1.156-1.706).
Two-thirds of patients reported that hypothyroidism was limiting their PA performance. These limitations
were more pronounced in patients with autoimmune thyroiditis (AIT) than in patients with hypothyroid-
ism from other aetiology (OR 1.93; 95% Cl: 1.518-2.457), representing disease-specific exercise intoler-
ance. In order to establish effective intervention programmes to encourage regular PA in hypothyroid
patients on THR with exercise intolerance, further research is warranted to better understand PA barriers.

1. Introduction

Primary hypothyroidism is the second most common endo-
crine disease worldwide after diabetes mellitus and is
caused by thyroid hormone deficiency. Hypothyroidism can
be categorised based on its time of onset (congenital or
acquired) and its severity, as in overt (clinical), subclinical,
and mild diseases (Biondi & Wartofsky, 2014). The preva-
lence of overt hypothyroidism in the general population
varies between 0.3% and 3.7% in the USA and between
0.2% and 5.3% in Europe (Asvold et al., 2013; Aoki et al.,
2007; Canaris et al., 2000; Garmendia Madariaga et al., 2014;
Hollowell et al., 2002), depending on the definition used
(Chaker et al., 2017). Hypothyroidism affects women 10
times more frequently than men, and its rate increases
with age (Vanderpump, 2011). Hashimoto’s thyroiditis,
which is also referred to as autoimmune thyroiditis (AIT), is
characterised by the presence of thyroid peroxidase anti-
body (TPO-Ab) in serum and is the most common cause of
hypothyroidism (Caturegli et al., 2014; Chaker et al, 2017;
Vanderpump, 2011). The standard treatment of hypothyr-
oidism is thyroid hormone replacement therapy (THR) with

levothyroxine (Chaker et al., 2017), which is one of the main
prescribed drugs worldwide (Korevaar et al., 2018).

Hypothyroidism can have a considerable negative impact on
the quality of life (McMillan et al., 2004), including persistent
fatigue and exercise intolerance (Lankhaar et al, 2014;
McAllister et al., 1995). In general, it is presumed that adequate
THR in hypothyroidism will improve quality of life and reverse
impairments of cardiovascular, respiratory, and muscle func-
tions at rest and during exercise. However, approximately 10—
15% of patients on THR with levothyroxine continue to experi-
ence impaired quality of life (Hennessey & Espaillat, 2018;
Peterson et al., 2018; Watt et al,, 2006; Wiersinga, 2019), includ-
ing physical constraints and exercise intolerance (Lankhaar
et al, 2014). Moreover, the mere presence of TPO-Ab in AIT
patients has been linked to a decreased quality of life (Ott et al.,
2011; Wiersinga, 2019). As a result, continual physical con-
straints can lead to a negative spiral of deconditioning, result-
ing in a further loss of functional capacity and the ability to
perform physical activity (PA) and exercise (Verbunt et al.,
2003).

CONTACT Jeannette A.C. Lankhaar @ J.A.C.Lankhaar@umcutrecht.nl @ Department of Rehabilitation, Physical Therapy Science and Sport, University Medical

Center Utrecht, PO Box 85500, Utrecht 3508, The Netherlands
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the association between statin use and TSH levels were mediated by TC changes during

. follow-up.

e Conclusion: Statin use was associated with benefits of thyroid function, and TC changes
serve as a mediator of the association between statin use and TSH levels. Further studies
are needed to clarify the possible underlying mechanism.
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Purpose: Previous studies have suggested that cholesterol may influence thyroid
function. Since statins are widely used for their cholesterol-lowering effect, we aimed to
assess the association between statin use and thyroid function, and also to explore the
role of the cholesterol-lowering effect in it.

Methods: We performed a retrospective cohort study derived from REACTION studly.
Eligible subjects receiving statin therapy were included in the statin group, and sex-, age-,
total cholesterol (TC)-, and thyroid function-matched participants without lipid-lowering
therapy were included in the control group. The median follow-up time was three years.
Outcomes of thyroid function were evaluated at the end of follow-up. We used
multivariable regression models to assess the association between statin use and
outcomes of thyroid function, and also performed mediation analyses to explore the
role of cholesterol in it.

Results: A total of 5,146 participants were screened, and 201 eligible subjects in the
statin group and 201 well-matched subjects in the control group were analyzed. At the
end of follow-up, TC and thyroid-stimulating hormone (TSH) levels in the statin group were
lower than those in the control group (both p < 0.05), and the percentage of euthyroid
subjects was higher in the statin group (88.06% vs. 76.12%, p = 0.002). The incidence
rate of subclinical hypothyroidism (SCH) in euthyroid subjects was lower in the statin
group (6.29% vs. 14.86%, p = 0.009), and the remission rate among subjects with SCH
was higher in the statin group (50.00% vs. 15.38%, p = 0.008). In multivariable regression
analyses, statin use was independently associated with lower TSH levels and higher odds
to be euthyroid (OR 2.335, p = 0.004) at the end of follow-up. Mediation analyses showed
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INTRODUCTION

Hypothyroidism is a common pathological condition of thyroid
hormone deficiency, including overt hypothyroidism (OH) and
subclinical hypothyroidism (SCH) (1). In China, the prevalence
of SCH has significantly increased from 3.22% in 1999 to 16.7%
in 2011 (2). The most frequent cause of SCH is Hashimoto’s
thyroiditis in iodine-sufficient areas (3). However, risk factors
contributing to the increasing prevalence of SCH remain unclear.

In recent years, studies have revealed the emerging role of the
disturbance of lipid metabolism in the development of
hypothyroidism (4-9). Our previous prospective observational
study found that high baseline total cholesterol (TC) level was a
risk factor of progression to OH in patients with SCH (10), which
suggested that cholesterol may influence thyroid function. It is
known that SCH is associated with an increased risk of
cardiovascular disease (11, 12), and cholesterol is a key
element in the development of cardiovascular disease (13). If
cholesterol-lowering therapy can benefit thyroid function, we
can not only find a possible way to relieve the disease burden of
SCH, but also provide additional evidence that cardiovascular
mortality and morbidity can be reduced by the proper control of
cholesterol levels.

Statins are widely used due to their ability to lower cholesterol
in clinical practice. Besides, statins also have pleiotropic actions
such as anti-inflammatory and immunomodulatory properties (14,
15). Only a few studies have investigated the effects of statins on
thyroid function, and the results were inconsistent (16-18). A
reason for these findings could be due to small sample sizes that
were limited to hospital-based patients only. It still remains
inconclusive whether statin use is associated with improved
thyroid function in the general population. We believe that it is
worth clarifying this relationship, as well as investigating whether
this is mediated by the cholesterol-lowering function of statins.

In this population-based retrospective cohort study, we aimed
to assess the association between statin use and thyroid function,
as well as to explore the role of the cholesterol-lowering effect in it.

MATERIALS AND METHODS
Study Design and Participants

This study involves retrospective analyses of the population
derived from the community-based REACTION study, which
was a prospective observational cohort study in China
investigating the epidemiology of metabolic diseases in

residents aged 40 years or older (19). The study protocol was
approved by the ethics committee of Shanghai Jiao Tong
University, and all participants provided written informed
consent before data collection.

In this study, data were obtained from participants who
enrolled in REACTION study in Ningyang County, Shandong
Province between April 2011 and July 2017. We included 5,146
participants who had more than one visit during the study period
and assessed for eligibility. As our primary focus was the
relationship between statin use and the outcome of thyroid
function, we excluded subjects using the following exclusion
criteria: (1) Missing vital data, such as age, sex, body mass index
(BMI), or thyroid function; (2) self-report history of thyroid
tumor, thyroidectomy, or radioactive iodine therapy; (3) intake
of medications that influence thyroid function or serum lipids
except statins (including thyroid hormone, antithyroid drugs,
amiodarone, lithium, B-adrenergic blockers, fibrates, and steroid
hormone) within the past 3 months; and (4) complications or
conditions that affect thyroid status or lipid metabolism, such as
pregnancy, lactation, severe liver dysfunctions (either alanine
aminotransferase (ALT) or aspartate aminotransferase (AST)
higher than 100 U/L), renal dysfunction (creatinine higher
than 105 pmol/L and an estimated glomerular filtration rate
(eGFR) generated from simplified MDRD equation below 60 ml/
min), or malignant tumor (4).

Participants who had statin therapy (including atorvastatin,
fluvastatin, lovastatin, pitavastatin, pravastatin, rosuvastatin, and
simvastatin) during the follow-up period were defined as the
statin group. Considering non-random treatment allocation and
potential confounding covariates, we used baseline sex-, age-,
TC-, and thyroid function-matched participants without lipid-
lowering therapy as the control group (1:1 match). Ultimately,
201 participants in the statin group and 201 participants in the
control group were included in the final analysis. The selection
process is illustrated in Figure 1.

Data Collection

The data collection process has been described in the previous study
(4). Briefly, all investigators went through a training program
successfully to minimize instructor variability. Data collection was
conducted at local health stations near the participants’ residential
area. Trained investigators obtained information on demographic
characteristics, medical history (including statin use), and other
essential information from a well-established questionnaire through
a face-to-face interview. Weight and height were measured in
kilograms and centimeters, respectively. BMI was calculated by
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Abstract

Context/objective: The aim of this study was to examine the effect of statins and other
lipid-lowering agents on the development of Graves orbitopathy (GO) in patients with
newly diagnosed Graves disease (GD).

Methods: Our sample included the full adult population of individuals living in Sweden
with newly diagnosed GD between 2005 and 2018 (n = 34 894). We compared the GO
incidence in statin users (n =5574) and nonusers (n = 34 409) by applying Cox regression
with a time-varying exposure variable. We adjusted for age, sex, and treatment for
hyperthyroidism in the multivariate analyses.

Results: Periods of nonusage lasted for a median of 4.3 years (interquartile range [IQR]
1.2-8.4), whereas periods of usage lasted for a median of 4.7 years (IQR 2.0-8.1). Among
statin users, 77.1% had used simvastatin, 28.9% atorvastatin, and 8.2% had used other
statins. Statin users were found to be significantly less likely to develop GO. In the main
analysis based on the full cohort, the unadjusted hazard ratio (HR) was 0.74 (Cl 0.65-0.84,
P<.001), whereas full adjustment altered the effect to 0.87 (Cl 0.76-1.00, P=.04). The
main results were largely driven by men; the fully adjusted HR was 0.78 (Cl 0.58-1.04,
P=.09) for men and 0.91 (Cl 0.79-1.06, P=.24) for women. Lipid-lowering agents other
than statins did not exhibit a similar protective effect.

Conclusion: In newly diagnosed patients with GD, treatment with statins may protect
against the development of GO. Statins should be investigated in a clinical trial as a
preventive treatment for GO in newly diagnosed patients with GD.

Key Words: Graves disease, Graves orbitopathy, 3-hydroxy-3-methylglutaryl-coenzyme reductase inhibitors, statins
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THYROID SURGERY

Patient-Reported Outcomes Following Total
Thyroidectomy for Graves’ Disease

Alexander H. Gunn,"? Nicholas Frisco, Samantha M. Thomas** Michael T. Stang,’
Randall P. Scheri, and Hadiza S. Kazaure'

Background: Graves’ disease accounts for ~80% of all cases of hyperthyroidism and is associated with sig-
nificant morbidity and decreased quality of life. Understanding the association of total thyroidectomy with
patient-reported quality-of-life and thyroid-specific symptoms is critical to shared decision-making and high-
quality care. We estimate the change in patient-reported outcomes (PROs) before and after surgery for patients
with Graves’ disease to inform the expectations of patients and their physicians.

Methods: PROs using the MD Anderson Symptom Inventory (MDASI) validated questionnaire were collected
prospectively from adult patients with Graves’ disease from January 1, 2015, to November 20, 2020, on a lon-
gitudinal basis. Survey responses were categorized as before surgery (<120 days), short term after surgery
(<30 days; ST), and long term after surgery (=30 days; LT). Negative binomial regression was used to estimate
the association of select covariates with PROs.

Results: Eighty-five patients with Graves’ disease were included. The majority were female (83.5%); 47.1%
were non-Hispanic white and 35.3% were non-Hispanic black. The median thyrotropin (TSH) value before
surgery was 0.05, which increased to 0.82 in ST and 1.57 in LT. In bivariate analysis, the Total Symptom
Burden Score, a composite of all patient-reported burden, significantly reduced shortly after surgery (before
surgery mean of 56.88 vs. ST 39.60, p<0.001), demonstrating improvement in PROs. Furthermore, both the
Thyroid Symptoms Score, including patient-reported thermoregulation, palpitations, and dysphagia, and the
Quality-of-Life Symptom Score improved in ST and LT (thyroid symptoms, before surgery 13.88 vs. ST 8.62
and LT 7.29; quality of life, before surgery 16.16 vs. ST 9.14 and LT 10.04, all p <0.05). After multivariate
adjustment, the patient-reported burden in the Thyroid Symptom Score and the Quality-of-Life Symptom Score
exhibited reduction in ST (thyroid symptoms, rate ratio [RR] 0.55, confidence interval [CI]: 0.42-0.72; quality
of life, RR 0.57, CI: 0.40-0.81) and LT (thyroid symptoms, RR 0.59, CI: 0.44-0.79; quality of Life, RR 0.43,
CI: 0.28-0.65).

Conclusions: Quality of life and thyroid-specific symptoms of Graves’ patients improved significantly from
their baseline before surgery to both shortly after and longer after surgery. This work can be used to guide
clinicians and patients with Graves’ disease on the expected outcomes following total thyroidectomy.

Keywords: Graves’ disease, patient-reported outcomes, quality of life, thyroidectomy

Introduction

GRAVES’ DISEASE ACCOUNTS for nearly 80% of all cases
of hyperthyroidism (1), and causes significant morbid-
ity and decreased quality of life (2—4). Treatment options
include medications, radioactive iodine ablation (RAI), and
surgical management; the treatment choice is based on pa-
tient preference as well as the clinical presentation (2,3,5).

Surveys indicate that RAI is the dominant treatment modality
in the United States, accounting for more than half of the
treatment, however, the use of antithyroid medication is in-
creasing (6,7). Recent analysis showed that even though
surgery is the most definitive treatment (99%), it is only used
as first-line treatment for 6% of patients and subsequently in
9% of patients with first-line treatment failure, and 3% with
second-line treatment failure (7,8). With the use of shared
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Pralsetinib for patients with advanced or metastatic
RET-altered thyroid cancer (ARROW): a multi-cohort,
open-label, registrational, phase 1/2 study

Vivek Subbiah*, Mimi ! Hu*, Lori ) Wirth, Martin Schuler, Aaron S Mansfield, Giuseppe Curigliano, Marcia S Brose, Viola W Zhu, Sophie Leboulleux,
Daniel W Bowles, Christina S Baik, Douglas Adkins, Bhumsuk Keam, Ignacio Matos, Elena Garralda, Justin F Gainor, Gilberto Lopes, Chia-Chi Lin,
Yann Godbert, Debashis Sarker, Stephen G Miller, Corinne Clifford, Hui Zhang, Christopher D Turner, Matthew H Taylor

Summary

Background Oncogenic alterations in RET represent important therapeutic targets in thyroid cancer. We aimed to
assess the safety and antitumour activity of pralsetinib, a highly potent, selective RET inhibitor, in patients with
RET-altered thyroid cancers.

Methods ARROW, a phase 1/2, open-label study done in 13 countries across 71 sites in community and hospital settings,
enrolled patients 18 years or older with RET-altered locally advanced or metastatic solid tumours, including
RET-mutant medullary thyroid and RET fusion-positive thyroid cancers, and an Eastern Co-operative Oncology
Group performance status of 0-2 (later limited to 0-1in a protocol amendment). Phase 2 primary endpoints assessed
for patients who received 400 mg once-daily oral pralsetinib until disease progression, intolerance, withdrawal of
consent, or investigator decision, were overall response rate (Response Evaluation Criteria in Solid Tumours
version 1.1; masked independent central review) and safety. Tumour response was assessed for patients with
RET-mutant medullary thyroid cancer who had received previous cabozantinib or vandetanib, or both, or were
ineligible for standard therapy and patients with previously treated RET fusion-positive thyroid cancer; safety was
assessed for all patients with RET-altered thyroid cancer. This ongoing study is registered with clinicaltrials.gov,
NCT03037385, and enrolment of patients with RET fusion-positive thyroid cancer was ongoing at the time of this
interim analysis.

Findings Between Mar 17, 2017, and May 22, 2020, 122 patients with RET-mutant medullary and 20 with RET fusion—
positive thyroid cancers were enrolled. Among patients with baseline measurable disease who received pralsetinib by
July 11, 2019 (enrolment cutoff for efficacy analysis), overall response rates were 15 (71%) of 21 (95% CI 48-89) in
patients with treatment-naive RET-mutant medullary thyroid cancer and 33 (60%) of 55 (95% CI 46-73) in patients
who had previously received cabozantinib or vandetanib, or both, and eight (89%) of nine (95% CI 52-100) in patients
with RET fusion-positive thyroid cancer (all responses confirmed for each group). Common (=10%) grade 3 and above
treatment-related adverse events among patients with RET-altered thyroid cancer enrolled by May 22, 2020, were
hypertension (24 patients [17%] of 142), neutropenia (19 [13%]), lymphopenia (17 [12%]), and anaemia (14 [10%)]).
Serious treatment-related adverse events were reported in 21 patients (15%), the most frequent (=2%) of which was
pneumonitis (five patients [4%)]). Five patients [4%] discontinued owing to treatment-related events. One (1%) patient
died owing to a treatment-related adverse event.

Interpretation Pralsetinib is a new, well-tolerated, potent once-daily oral treatment option for patients with RET-altered
thyroid cancer.

Funding Blueprint Medicines.
Copyright © 2021 Elsevier Lid. All rights reserved.

Introduction (proto-oncogene tyrosine-protein kinase receptor RET),
The incidence of thyroid cancer has increased over the are known oncogenic drivers in both medullary thyroid
past decade, with medullary thyroid cancer representing cancer and differentiated thyroid cancer, and represent a
1-5% of all thyroid cancer cases (75% sporadic and promising therapeutic target.** Medullary thyroid cancer
25% hereditary) and papillary thyroid cancer accounting  originates from parafollicular C cells and can be hereditary,
for 80-85% of all differentiated thyroid cancer.” Despite associated with two subtypes of multiple endocrine
its low prevalence, medullary thyroid cancer accounts for neoplasia syndrome type 2 (MEN2; MEN2A and MEN2B),
almost 14% of all thyroid cancer-related deaths.* Activating  or sporadic.” RET mutations occur in more than 95% of
alterations in the RET proto-oncogene (RET), which hereditary and approximately 50% of sporadic medullary
encodes a transmembrane receptor tyrosine kinase thyroid cancer® In the hereditary form, these include
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Simple Summary: MEN2 has a very high penetrance for the development of medullary thyroid
cancer. However, intra- and inter-familial variabilities have been described. Accordingly, in this
precision medicine era, a personalized approach should be adopted in subjects harboring RET
mutations. In these subjects, we showed that thyroid surgery could be safely timed according to
basal and stimulated calcitonin, especially in children who can reach adulthood, avoiding the risks of
thyroid surgery and decreasing the period of a long-life hypothyroidism treatment.

Abstract: Multiple Endocrine Neoplasia 2 (MEN2) is a hereditary cancer syndrome for developing
medullary thyroid cancer (MTC) due to germline mutations of RET gene. Subjects harboring a
germline RET mutation without any clinical signs of MTC are defined as gene carriers (GCs), for
whom guidelines propose a prophylactic thyroid surgery. We evaluate if active surveillance of GCs,
pursuing early thyroid surgery, can be safely proposed and if it allows safely delaying thyroid surgery
in children until adolescence/adulthood. We prospectively followed 189 GCs with moderate or high
risk germline RET mutation. Surgery was planned in case of: elevated basal calcitonin (bCT) and/or
stimulated CT (sCT); surgery preference of subjects (or parents, if subject less than 18 years old);
other reasons for thyroid surgery. Accordingly, at RET screening, we sub-grouped GCs in subjects
who promptly were submitted to thyroid surgery (Group A, n = 67) and who were not (Group B,
n =122). Group B was further sub-grouped in subjects who were submitted to surgery during their
active surveillance (Group B1, n = 22) and who are still in follow-up (Group B2, n = 100). Group A
subjects presented significantly more advanced age, bCT and sCT compared to Group B. Mutation
RETV8MM wag the most common variant in both groups but it was significantly less frequent in
Group A than B. Analyzing age, bCT, sCT and genetic landscape, Group B1 subjects differed from
Group B2 only for sCT at last evaluation. Group A subjects presented more frequently MTC foci than
Group B1. Moreover, Group A MTCs presented more aggressive features (size, T and N) than Group
B1. Accordingly, at the end of follow-up, all Group B1 subjects presented clinical remission, while 6
and 12 Group A MTC patients had structural and biochemical persistent disease, respectively. Thank
to active surveillance, only 13/63 subjects younger than 18 years at RET screening have been operated
on during childhood and/or adolescence. In Group B1, three patients, while actively surveilled, had
the possibility to reach the age of 18 (or older) and two patients the age of 15, before being submitted
to thyroid surgery. In Group B2, 12 patients become older than 18 years and 17 older than 15 years.
In conclusion, we demonstrated that an active surveillance pursuing an early thyroid surgery could
be safely recommended in GCs. This patient-centered approach permits postponing thyroid surgery
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in children until their adolescence/adulthood. At the same time, we confirmed that genetic screening
allows finding hidden MTC cases that otherwise would be diagnosed much later.

Keywords: medullary thyroid cancer; calcitonin; MEN2; gene carriers

1. Introduction

Multiple Endocrine Neoplasia 2 (MEN2) is an hereditary cancer syndrome character-
ized by the development of medullary thyroid cancer (MTC), variably associated with other
endocrine neoplasia, such as pheochromocytoma and primary hyperparathyroidism [1-3].
MEN?2 is an autosomal dominant disease with a very high penetrance due to missense gain-
of-function mutation of the RET gene (Rearranged during Transfection) [4,5]. Germline
RET mutation is present in about 99% of familial and about 6.0% of apparently sporadic
cases of MTC [6]. Accordingly, germline RET screening must be offered to all patients with
MTC and, if positive, all first-degree relatives should be screened [7,8]. Subjects harboring
a germline RET mutation without any clinical signs of MTC are defined as Gene Carriers
(GCs) [8].

In the case of a GC, guidelines propose a prophylactic thyroid surgery as “the removal
of the thyroid before MTC develops or while it is clinically unapparent and confined to
the gland” [8]. Its timing is essentially based on subject RET mutation and age; in cases
of RET mutation at highest risk (M918T) surgical therapy must be performed within the
first year, in cases at high risk (C634F/G/R/S/W/Y and A883F) the timing of thyroidectomy
can be based on serum calcitonin (CT). However, in any case before 5 years and in cases
at moderate risk (other mutations), basal and stimulated CT (bCT and sCT) should guide
thyroid surgery timing [8]. This latter suggestion is not always followed in the real clinical
world and several centers still follow the indication to operate immediately after the RET
screening, warning against the use of serum CT in this clinical scenario [9].

By many years, in the case of GCs harboring high and moderate risk mutations, in
our center we are performing an active surveillance by timing the thyroid surgery on
bCT and sCT levels, regardless of RET mutation and age, pursuing an early, instead of a
prophylactic, thyroid surgery [10]. The main reasons are related to both the higher risk
of surgical complications in children, particularly permanent hypoparathyroidism that
implies long-life therapy [11], and to the need of early medication with levothyroxine
during childhood and adolescence in subjects who actually have normal thyroid function.

In this study, we evaluated if an active surveillance with an early thyroid surgery
can be safely proposed in RET GCs and for how many years the surgery could be safely
delayed in children. Moreover, we looked also at the relevance of genetic screening in
finding hidden MTC cases that, otherwise, would be diagnosed much later.

2. Materials and Methods
2.1. Subjects

After 1993, we performed RET genetic screening in all patients with diagnosis of MTC,
either familial or apparently sporadic and, if positive, to all their first-grade relatives [6].

All adult patients signed informed consent to perform RET genetic screening. Parents
or guardians signed the informed consent in the case of subjects less than 18 years of age.
As per the policy of the University Hospital, all patients provided written informed consent
to both the genetic screening and the use of their clinical and biochemical data for scientific
purposes.

2.2. Clinical Evaluation

We evaluated GCs by using clinical, biochemical (i.e., bCT and sCT (pentagastrin
(Pg) stimulation test up to 2013, and then calcium (Ca) stimulation test, as elsewhere
described [12]), urinary metanephrine and normetanephrine, serum PTH, calcium and
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Clinical Utility of Circulating Cell-Free DNA Mutations
in Anaplastic Thyroid Carcinoma
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Background: Anaplastic thyroid carcinoma (ATC) is an aggressive thyroid cancer that requires a rapid diag-
nosis and treatment to achieve disease control. Gene mutation profiling of circulating cell-free DNA (cfDNA) in
peripheral blood may help to facilitate early diagnosis and treatment selection. The relatively rapid turnaround
time compared with conventional tumor mutation testing is a major advantage. The objectives of this study
were to examine the concordance of ATC-related mutations detected in cfDNA with those detected in the
corresponding tumor tissue, and to determine the prognostic significance of cfDNA mutations in ATC patients.
Methods: The ATC patients who were diagnosed and treated at The University of Texas MD Anderson Cancer
Center between January 2015 and February 2018 and who had cfDNA testing were included in this study.
cfDNA was collected by blood draw and was analyzed by next-generation sequencing (NGS) using the
Guardant360-73 gene platform.

Results: A total of 87 patients were included in the study. The most frequently mutated genes detected in cfDNA were
TP53, BRAF, and PIK3CA. In 28 treatment naive ATC patients, the concordance rate of detected mutations in 7P53,
BRAF"°%E and PIK3CA between cfDNA and matched tissue NGS was 82.1%, 92.9%, and 92.9%, respectively.
Patients with a PIK3CA mutation detected on cfDNA had worse overall survival (OS) ( p=0.03). This association was
observed across various treatment modalities, including surgery, cytotoxic chemotherapy, radiation, and BRAF
inhibitor (BRAF1) therapy. With regard to treatment, BRAFi therapy significantly improved ATC OS (p=0.003).
Conclusions: cfDNA is a valuable tool to evaluate a tumor’s molecular profile in ATC patients. We identified high
concordance rates between the gene mutations identified via cfDNA analysis and those identified from the NGS of the
corresponding tumor tissue sequencing. Identified mutations in cfDNA can potentially provide timely information to
guide treatment selection and evaluate the prognosis in patients with ATC.

Keywords: anaplastic thyroid carcinoma, BRAF inhibitor, cell free DNA, PIK3CA, prognosis

hibitor (BRAFi) treatment for patients with BRAF VOOOE mu-
tated ATC, shows promising results in ATC treatment (2) and

Introduction

ANAPLASTIC THYROID CARCINOMA (ATC) is rare but is
one of the most aggressive solid tumors in humans. The
ATC accounts for 1-2% of all thyroid cancers (1). The his-
torical median overall survival after diagnosis is 3—6 months
and only 10-15% ATC patients have a survival of 2 years
after presentation. The disease-specific mortality rate ap-
proaches 100% (1).

The clinical course of ATC is characterized by rapid and
invasive local tumor growth, frequent distant metastases,
and fatal outcomes. Therefore, ATC requires rapid diagnosis
and prompt treatment. Targeted therapy, such as BRAF in-

the U.S. Food and Drug Administration (FDA) has approved
the BRAF/MEK inhibitor combination dabrafenib/trametinib
for ATC patients with BRAF'*?°% mutated tumors. Under-
standing ATC genetic features and their clinical significance
has become essential for ATC management.

Liquid biopsies to detect circulating cell-free DNA
(cfDNA) for cancer genotyping have been increasingly used
in clinical practice as reliable and minimal invasive methods
for many solid tumors, including lung cancer and gastric
cancer (3). Compared with the molecular testing performed
on tissue biopsies, cfDNA-based analysis has several

Departments of 'Endocrine Neoplasia and Hormonal Disorders, *Head and Neck Surgery, *Bioinformatics and Computational
Biology, *Pathology, ®Thoracic Head and Neck Medical Oncology, "Radiation Oncology, ®Biostatistics, and Hematopathology, The
University of Texas MD Anderson Cancer Center, Houston, Texas, USA.

2Department of Endocrinology, Diabetes and Metabolism, Baylor College of Medicine, Houston, Texas, USA.
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Metformin Reduces Thyroid Cancer Tumor Growth
in the Metastatic Niche of Bone
by Inhibiting Osteoblastic RANKL Productions

Hyo Shik Shin! Hyun Jin Sun? Young Mi Whang,? Young Joo Park'?
Do Joon Park,"? and Sun Wook Cho'?

Background: Metformin has antitumoral actions in human cancers, including the thyroid, while its effects on
metastatic lesions are unclear. Patients with bone metastasis (BM) from thyroid cancers have poor survival.
Because metformin inhibits the activation of osteoclasts, which has essential roles in BM, the aim of this study
was to investigate the therapeutic effects of metformin on thyroid cancer BM and osteoclast activation in the
bone microenvironment.

Methods: The anaplastic thyroid cancer (ATC) cell lines FRO and SW1736 were used to test the antitumoral
effect of metformin in vitro and in vivo. A murine model of BM was established by intratibial injection of
cancer cells. To mimic the BM microenvironment, osteoblasts were treated with conditioned media from the
FRO (FRO-CM) and SW1736 (SW1736-CM) cells. Thyroid cancer patients with or without BM were recruited,
and the serum receptor activator of nuclear factor kappa-B ligand (RANKL) levels was measured.

Results: Metformin treatment significantly reduced the viabilities of the FRO and SW1736 cells in vitro and the
tumor growth of SW1736 in vivo. In the murine model of BM, metformin delayed tumor growth in the bone and
decreased the numbers of tartrate-resistant acid phosphatase-positive osteoclasts on the bone surface with re-
duced RANKL in the bone marrow. Furthermore, FRO- or SW1736-CM significantly increased the osteoblastic
RANKL productions and activated osteoclast differentiation in whole marrow cultures, which were blocked by
metformin treatment. Among 67 thyroid cancer patients, the serum RANKL levels were significantly increased
in BM patients compared with patients with lung-only metastasis or no distant metastasis. In addition, the
interleukin-6 superfamily in the FRO- or SW1736-CM stimulated STAT3 phosphorylation, which was inhibited
by gp130 blocking. Metformin treatment decreased the FRO- or SW1736-CM-induced STAT3 phosphorylation
by AMPK phosphorylation. Metformin also inhibited the FRO- or SW1736-CM-induced osteoclastic differen-
tiation of bone marrow-derived monocyte/macrophage by RANK/c-Fos/NFATC1 signaling.

Conclusions: In the microenvironment of BM, metformin effectively reduced ATC tumor growth by inhibiting
cancer cell viability, blocking cancer cell-induced osteoblastic RANKL production, which further activated
osteoclastogenesis, and directly reduced osteoclast differentiation. These multifactorial actions of metformin
suggest that it has potential therapeutic effects in thyroid cancer BM.

Keywords: metformin, bone metastasis, thyroid cancer, osteoblast, osteoclast, OPG/RANKL

Introduction 10-year survival rate for patients with DTC bone metastasis is
0-34% (2-9). The mean survival for those patients is esti-

THYROID CANCER IS the most common endocrine malig-
nancy and its incidence has increased rapidly in the past
three decades. Although differentiated thyroid cancer (DTC)
has a good prognosis with 80-95% 10-year survival rates,
1—7% of papillary thyroid cancer (PTC) and 7 —20% of fol-
licular thyroid cancer (FTC) patients have bone metastasis,
which is associated with a worse prognosis (1). The overall

mated to be about four years (6,10). Furthermore, anaplastic
thyroid cancer (ATC), which accounts for 1% of all thyroid
cancers, commonly has features of marked invasiveness with
an extremely poor survival (11-13), and ~5-15% of ATC
patients have distant metastasis in the bone (14).
Radioactive iodine therapy is the standard treatment
of choice for iodine-avid tumors for DTC bone metastasis

lDepartment of Internal Medicine, Seoul National University College of Medicine, Seoul, Korea.
Department of Internal Medicine, Seoul National University Hospital, Seoul, Korea.
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Influence of endocrine multidisciplinary tumor board on patient
management and treatment decision making

Sarah Kelley ', Anna C. Beck ™, Ronald J. Weigel ®, James R. Howe °, Sonia L. Sugg °,

Geeta Lal ™~

@ University of lowa Hospitals and Clinics, Department of Internal Medicine, 200 Hawkins Dr, lowa City, IA, 52242, USA
b University of lowa Hospitals and Clinics, Department of Surgery, 200 Hawkins Dr, lowa City, IA, 52242, USA

ARTICLE INFO ABSTRACT

Article history: Background: Multidisciplinary Tumor Boards (MDT) are used to obtain input regarding cancer man-

Received 29 March 2021
Received in revised form
15 July 2021

Accepted 16 July 2021

This work was presented as an oral pre- attendees.
sentation at the American College of Sur-
geons Quality and Safety Conference in July
2019 at Washington DC.

agement. This study assessed the impact of our institutional Endocrine MDT.

Methods: MDT notes on patients with thyroid cancer treated during 2012—2018 were abstracted
retrospectively from the electronic medical record. Management change (MC) was prospectively
collected by the MDT coordinator. Biannual evaluations reviewed the impact of the MDT as observed by

Results: MC was recommended in 47 (15%) of 286 presentations, with additional imaging being the most
frequent (43%). Presentation of recurrences were more likely to result in MC (24% vs. 13% initial,
p = 0.03). Overall, 98% of attendees found the conference exceeded educational expectations. About 24%
reported intending to use a more evidence/guideline-based approach after attending and this trend

Keywords: increased over time (p = 0.002).

Thyroid cancer

Tumor board
Evidence-based medicine
Thyroid imaging
Multidisciplinary

Conclusion: MDT presentations led to a higher rate of MC particularly in recurrent TC patients and
increased evidenced-based practice for attendees.

© 2021 Published by Elsevier Inc.

Introduction

Multidisciplinary Tumor Boards (MDT) are frequently used fo-
rums for presenting patients with various cancers for input
regarding management. The idea of an MDT to discuss the care of
cancer patients was first developed in 1975 and has expanded
significantly since that time.! A MDT generally consists of several
health care specialists including surgeons, oncologists, radiologists,
pathologists, nursing providers as well as other specialized support
staff such as nutritionists and genetic counsellors who meet with
the intent of discussing and coordinating the care of cancer pa-
tients.> MDT have been shown to result in changes in management
as well as improved patient and clinician satisfaction, and may also
improve survival.”

Cancer care is complex and varies widely based on cancer type.
Additionally, advances are continually made, and guidelines are

adjusted to reflect these new developments. The utility of MDT has
been shown recently in a variety of different cancer types, including
pancreatic cancer, colorectal cancer, gynecological tumors, lung
cancer, head and neck squamous cell cancers, and breast cancer.”>
MDT have been shown to identify and improve specific quality
markers based on the type of cancer discussed. As an example,
Quero et al. identified that MDT resulted in a change in the
resectability status of 29.7% of pancreatic cancers discussed.'” For
rectal cancer patients, Richardson et al. identified that MDT
improved the completeness of total mesorectal excision.'’ In pa-
tients with breast cancer, MDT have been shown to result in
avoidance of immediate surgery, alteration of the type of surgery
performed and may also result in the identification of new suspi-
cious breast lesions.’

Thyroid cancer is the 12th most common cancer in the United
States, with approximately 50,000 new cases diagnosed each year,

* Corresponding author. Department of Surgery Carver College of Medicine, University of lowa Hospitals 200 Hawkins Drive, 4641 JCP, lowa City, IA, 52242, USA.

E-mail address: Geeta-lal-2@uiowa.edu (G. Lal).
! Both authors contributed equally to this manuscript and are co-first authors.
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National Survey of Endocrinologists and Surgeons Regarding
Active Surveillance for Low-Risk Papillary Thyroid Cancer
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Abstract

Objective: Active surveillance for low-risk papillary thyroid cancer (PTC) was endorsed by the
American Thyroid Association guidelines in 2015. The attitudes and beliefs of physicians treating
thyroid cancer regarding the active surveillance approach are not known.

Methods: A national survey of endocrinologists and surgeons treating thyroid cancer was
conducted from August to September 2017 via professional society emails. This mixed-methods
analysis reported attitudes toward potential factors impacting decision-making regarding active
surveillance, beliefs about barriers and facilitators of its use, and reasons why physicians would
pick a given management strategy for themselves if they were diagnosed with a low-risk PTC.
Survey items about attitudes and beliefs were derived from the Cabana model of barriers to
guideline adherence and theoretical domains framework of behavior change.

Results: Among 345 respondents, 324 (94%) agreed that active surveillance was appropriate for
at least some patients, 81% agreed that active surveillance was at least somewhat underused, and
76% said that they would choose surgery for themselves if diagnosed with a PTC of <I cm.
Majority of the respondents believed that the guidelines supporting active surveillance were too
vague and that the current supporting evidence was too weak. Malpractice and financial concerns
were identified as additional barriers to offering active surveillance. The respondents endorsed

"Address correspondence to Dr Benjamin R. Roman, Head and Neck Division, Department of Surgery, 1275 York Avenue, C-1075,
New York, NY 10065. romanb@mskcc.org (B.R. Roman).
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improved information resources and evidence as possible facilitators to offering active
surveillance.

Conclusion: Although there is general support among physicians who treat low-risk PTC for the
active surveillance approach, there is reluctance to offer it because of the lack of robust evidence,
guidelines, and protocols.

Keywords

thyroid cancer; microcarcinoma; active surveillance; low-risk; survey; papillary

Introduction

In 2015, the American Thyroid Association (ATA), for the first time, endorsed active
surveillance as a management option for select patients with low-risk papillary thyroid
cancer (PTC), including papillary microcarcinoma (<1 cm).! The data supporting active
surveillance at that time included 2 cohort studies of patients from Japan with a biopsy-
proven PTC of <1 cm in size, which collectively showed no deaths among more than 1200
patients managed with active surveillance, some of whom were followed up for more than
10 years.2® In these case series, 7% to 8% of cancers grew over time, eventually requiring
surgery. Since the publication of the ATA guidelines, additional data from the first North
American cohort of patients managed with active surveillance has been published, this time
including patients with tumors of up to 1.5 cm in size.” These data again showed no deaths
among 291 patients followed up for a median of 25 months (range: 6-166), with 11 of 291
(3.8%) showing growth of tumors >3 mm and 36 (12.7%) showing growth of tumors >50%
in volume. Collectively, data from Italy, Japan, and North America have shown that younger
patients’ tumors are more likely to grow and that the rate of cancer spread to lymph nodes
during active surveillance is between 0% and 3.8%.10

Despite the endorsement of active surveillance in the respected guidelines, much remains
unknown about active surveillance for low-risk PTC. The published cohorts have been from
single institutions, and there have been no trials, randomized or otherwise, directly
comparing patients managed with active surveillance versus those managed with surgery.
Because the protocols, guidelines, and outcome data regarding active surveillance are not yet
mature, physicians who manage patients with low-risk PTC in the current era face
uncertainty about the best practices. Physicians’ attitudes and beliefs regarding active
surveillance have not been studied. Their attitudes and beliefs are likely to be important in
elucidating both how patients diagnosed with low-risk PTC are managed today and the
trajectory of future efforts to study and advance the practice of active surveillance.

We performed a national survey of surgeons and endocrinologists who manage patients with
thyroid cancer to understand the current landscape of physicians’ beliefs during the early
years since the introduction of the active surveillance approach. This analysis reports data on
physicians’ attitudes and beliefs regarding active surveillance, barriers and facilitators to
increasing its use, and a qualitative analysis of physicians’ beliefs related to why they would
choose various management strategies for themselves if diagnosed with low-risk PTC.

Endocr Pract. Author manuscript; available in PMC 2022 January 01.
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Thyrotropin Suppression for Papillary Thyroid Cancer:
A Physician Survey Study

Maria Papaleontiou,"” Debbie W. Chen, Mousumi Banerjee? David Reyes-Gastelum,
Ann S. Hamilton ® Kevin C. Ward;* and Megan R. Haymart"

Background: Current guidelines recommend against thyrotropin (TSH) suppression in low-risk differentiated
thyroid cancer patients; however, physician practices remain underexplored. Our objective was to understand
treating physicians’ approach to TSH suppression in patients with papillary thyroid cancer.

Methods: Endocrinologists and surgeons identified by thyroid cancer patients from the Surveillance, Epide-
miology, and End Results registries of Georgia and Los Angeles were surveyed in 2018-2019. Physicians were
asked to report how likely they were to recommend TSH suppression (i.e., TSH <0.5 mIU/L) in three clinical
scenarios: patients with intermediate-risk, low-risk, and very low-risk papillary thyroid cancer. Responses were
measured on a 4-point Likert scale (extremely unlikely to extremely likely). Multivariable logistic regressions
were performed to determine physician characteristics associated with recommending TSH suppression in each
of the aforementioned scenarios.

Results: Response rate was 69% (448/654). Overall, 80.4% of physicians were likely/extremely likely to
recommend TSH suppression for a patient with an intermediate-risk papillary thyroid cancer, 48.8% for a
patient with low-risk papillary thyroid cancer, and 29.7% for a patient with very low-risk papillary thyroid
cancer. Surgeons were less likely to recommend TSH suppression for an intermediate-risk papillary thyroid
cancer patient (odds ratio [OR]=0.36 [95% confidence interval, CI, 0.19-0.69]) compared with endocrinolo-
gists. Physicians with higher thyroid cancer patient volume were less likely to suppress TSH in low-risk and
very low-risk papillary thyroid cancer patients (i.e., >40 patients per year, OR=0.53 [CI 0.30-0.96]; OR=0.49
[CT 0.24-0.99], respectively, compared with 0-20 patients per year). Physicians who estimated higher likeli-
hood of recurrence were more likely to suppress TSH in a patient with very low-risk papillary thyroid cancer
(OR=2.34 [CI 1.91-4.59])).

Conclusions: Many patients with low-risk thyroid cancer continue to be treated with suppressive doses of
thyroid hormone, emphasizing the need for more high-quality research to guide thyroid cancer management, as
well as better understanding of barriers that hinder guideline adoption.

Keywords: physician survey, thyroid cancer, TSH suppression

Introduction cancers in the United States are low-risk papillary thyroid
cancers and very low-risk papillary thyroid microcarcinomas

APILLARY THYROID CANCER is the most common and
least aggressive type of thyroid malignancy, accounting
for ~90% of differentiated thyroid cancers (DTC) (1). Ow-
ing to the widespread use of ultrasonography and fine-needle
aspiration biopsy of incidentally detected thyroid nodules in
recent years, the most commonly occurring papillary thyroid

(2-6), with risk denoting the risk of cancer recurrence after
initial treatment as outlined in the 2015 American Thyroid
Association (ATA) guidelines (7). Specifically, very low-risk
and low-risk papillary thyroid cancers carry a <5% risk of
recurrence, while intermediate-risk papillary thyroid cancers
carry a recurrence risk of ~5% to 30% (7).
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study, in vivo and in vitro, the effects of T4 on the proliferation and apoptosis of mammary tumors
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status.

«The cross-talk with other hormone receptors was critical in EUT tumors.

«The non-genomic pathway of T4 was the main mechanism involved in HypoT Recommended articles

tumors.

These two authors equally contributed to the study.
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«Overdoses of T4 can increase breast cancer risk.
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* Several viral vectors and
non-viral gene delivery
methods have been developed
and found their applications in
gene therapy.

* There are mainly five viral
vectors:  Adenovirus  (AV),
Adeno-Associated Virus
(AAV), Lentivirus (LV), Retrovir
us (RV), and Herpes

: % E E - B _ Viruses (HSV).

B e . Lagadm bec's - RHA Wb
ConstantlneA Stratakis, MD, D(med)Sci, PhD (hc) FORTH . Nonwiral gene delivery i
CSO, ELPEN, Inc. & Director, Research Institute, Athens, Greece s methods could be liposomes, -
Director of Research, Human Genetics & Precision Medicine, FORTH (ITE), Heraklion, Greece polymehs or denqlrlmers,hagd [ Vecoia n [ i it
(ret) Scientific Director & Senior Investigator, NICHD, NIH, Bethesda, MD, USA even cell-penetrating methods
VIRAL VECTORS L Doy conugites
What is gene therapy? Vector class Efficacy Safety  Fxpression  Approaches Injection
Monviral veciors Lo High Brief Ex vivo Unsuitahla
: : Vira! vectors
1. A normal gene inserted to compensate for a non-functional gene — Very high — — S Adapted
2. An abnormal gene replaced by a normal gene HS V-based vectors High Low Brief In vivo Adapted
3. An abnormal gene repaired through selective repair e e L R L R
) . ) rA AV vectors Wery high High Prolonged Ini vivo Adaptad
4. Simply, change the regulation of expression of a gene
NON-VIRAL WAYS OF DELIVERY
What is needed for successful gene therapy? 1. Liposomes

. Structure of
2. DNA-polymer conjugates EERREmI:

1. To know exactly what the molecular defect is

2.A molecu'le that will flx'somehow the defect (by inserting itself, or 3 Naked DNA
blocking the defective one etc)

3. A way to deliver the molecule to the patient cells

DOMNA-
polymer
conjugates

ev8(Noopoz E : ev8(Mponoz Ead
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Vical Direct Gene Transfer Techpelagy

P
: gt (e
i Flanking Sepeties

oA K e i =

1.

Bacterial |
Fermentation

CD34+ HSPCs are isolated
and cultured

Patient with
PB-thalassemia

Cells are harvested \_ﬂ

from mobilized peripheral
blood and bone marrow
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Gene-Based Drug

Purification
and Formulation

Lentiviral
vector

Ex Vivo
Delivery of
Gene
Therapy.

Conditioning

regimen
|

Lentiviral vector inserts.
into the DNA of HSPC a

Modified HSPCs are
reinfused

N KA High, MG
@ \ : Roncarolo. N
T engl ed

bl 2019;381:455
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AAV vector | Ll g el gy Ly L

& » &
> Photoreceptors

Single-
stranded DNA

[T reess T}

) - RPE cells
RPEGS5 is admii

Retina

beneath the neural retina Choroid

=

Sclera
\®hm. R Gt
/ . RPE65 protein
RPE cells explesslon
Vitreous /
by RPEGS transgene Eplsomal DNA

J ?E@S’transgene is maintained episomally; it does net
iintegrate into chromosomal DNA

Photoreceptors
= _— =
AAV vector4@ (=)

In Vivo Delivery
of Gene Therapy.

Retina g
W\\
Cheroid <

Optic nerve

() =
. \ 4 90T 907 9507 947 9507 240 900? 04 »
e [N
- e - il NI

i xpressed some restoration «
c a achieved

KA High, MG
Roncarolo. N Engl
J Med 2019;381:455

Potential and Observed Complications of Gene Therapy

Table 1. Potential and Observed Complications of Gene Therapy.*

Complication Clinical Presentation Vector

Gene silencing Gradual loss of gene expression without evidence e

of immune response

Genotoxicity: integration events and
insertional mutagenesis

Development of leukemia or solid tumors Retroviral

Dependent on transgene, tissue in which transgene —
is expressed, or both

Phenotexicity: overexpression or ectopic or
dysregulated expression of the transgene

Immunotoxicity Dependent on tissue transduced — for example,
elevated aminotransferase levels when liver is
transduced or elevated creatine kinase levels

when muscle is transduced

More likely with AAV
(in vivo delivery)

Horizontal transmission Household contacts seropositive ARV

More likely with AAV
(in vivo delivery)

Vertical transmission Offspring positive for vector transgene

Evidence

Theoretical; not reliably described clinically

Documented in studies of gene therapy for X-linked
SCID,'* Wiskott-Aldrich syndrome,’ and chronic
granulomatous disease’

Theoretical

Documented in experiments involving muscle® and trials
of treatment for hemophilia *” spinal muscular atro-
phy,* Leber's hereditary optic neuropathy,” and reti-
nal dystrophy caused by mutations in RPEGS™

Not documented: vector not infectious after 72 hr'*

No documented cases; vector has been detected in
semen transiently'*"

* AAV denotes adeno-associated virus, and SCID severe combined immunodeficiency.

KA High, MG Roncarolo. N Engl J Med 2019;381:455
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[SoFmctaing vetor o dlmrte g T s In 2020, Lu et al. delivered the first clustered regularly e
interspaced short palindromic repeats (CRISPR)-edited T —
cell therapy for patients with refractory non-small-cell lung N = Y
o e B e ey e L R cancer. This is a milestone that marks an upgrade to the Cocdos oo rerwmm
e next generation of gene therapy. Gene therapy is an
emerging experimental treatment that delivers functional S s i oon
| | s genes into the human body and may be applicable to a TS A e e
— = — wide range of diseases, with the first approved human [—— o —
| | | gene therapy trial conducted by Rosenberg et al. in 1989, P et R TS
S —— using retroviral vectors to deliver the gene coding for Mmaostcar s oo T
- resistance to neomycin to patients with advanced R
WSS N melanoma (Rosenberg et al., 1990). e i -~ A
Monoclonal antibodies Sickle cell anemia LV anti-sickling uzy Hopitaux de Paris/US academic sites/
Gene therapies faced severe setbacks in 1990-2002, but S S
the resurgent interest in offering gene therapy-based Gene therapy comes of age m"; o - ‘*;z;;u R
treatments .fron.w 2015 is one of the most defining Cymthia £ Dunbar.* Katherine A. High, 3. Keith Soung, Donald B, Kot = Ry e
\ pharmaceutical industry developments. Keiya Ozawa, Michel Sadelain® S o Tmma
e It is expected to have far-reaching implications on curing e - -
Jr vomologon dangerous diseases in the future and benefit both clinical Dunbar et al., Science 359, 175 (2018) 12 January 2018 ="
bl e Sl s trials and the pharmaceutical industry immensely. e e e o o e s e o

A B
00 3000
—&— Application
Gene therapy comes of age =1 R 8| -
o - I ©
. . . . 2000 IS0 N 00y, ° 2000
Cynthia E. Dunbar,* Katherine A. High, J. Keith Joung, Donald B. Kohn, g g 5 B
Keiya Ozawa, Michel Sadelain® § i —g 1500
5 £
g 1000 Oo % 1000
o
- 500 DO 500
Dunbar et al., Science 359, 175 (2018) 12 January 2018 .
IAEQ Df 01985 1990 1995 2000 2005 2010 2015 2020
Editing i D Priority year
N . € Priority year R 1y ye
Clinical studies No Efficacy Efficacy Efficacy and e e 2 Al
but Genotoxicity Safety P a te n t S | n e w0 o
Science LV

250 —psv

Autologous HSC Ex Vivo Gene Therapy for Primary Immune Deficiencies

First Allogeneic HSCT cD34 Reduced Intensity Hmmmm ge n e t h e ra py

(sciD) Selection Conditioning Hemoglobin Disorders

y ==Non Viral

50
w1987.2001

| | | | | | | | | | | | > R .
[ | I | [ | | | | [ | | . e AT T 0 0T T
© o we w@ w we w Ao
1960 1970 1980 1990 2000 2010 2020 . =
Definition of HSC by Cloning of Viruses and Engineering of Engineering of Editing Via Site-Specific Endonucleases sy - —
Transplantation in Mice Human Genes V-Retroviral Vectors Lentiviral Vectors (ZFN, TALEN, CRISPR/Cas) e -
Gene Transfer to Improved Transfer to "serm nciooiss
Murine HSC Human and NHP HSC senaomss
-
Hematopoietic Growth Factors and T —— I
Extracellular Matrix L ——— s
Scientific advances Improved Transduction of HSCs B R N R :
DWPI families Priority Year
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GENE THERAPY PLAYS...

These five companies are developing replacement gene therapy for different hereditary diseases. The stocks have moved up sharply this year, but could
add to gains if treatments get approval from the Food and Drug Administration. Any unexpected setbacks, however, could hurt the shares.

Current or 1st
Market Cashand Completed Potential
Recent YTD Value 2017t Equivalents® Phase of Year of
Company / Ticker Price Change (mil) EPS {mil) Clinical Trials  Profit Diseases Targeted
Audentes Therapeutics/BOLD $27.41 | 50% | $762 -$3.51 $145 Phase 1/2 N.A. | X-linked myotubular myopathy, Crigler-Najjar syndrome
AveXis / AVXS 96.14 | 101 | 3,069 | -6.04 418 Phase 3 2020 | Spinal muscular atrophy
Regenxbio / RGNX 29.40 58 910 -3.08 209 Phase 1/2 2022 | Age-related macular degeneration, HoFH, MPS 1
Spark Therapeutics / ONCE 87.10 75 3,120 | -7.37 239 Phase 3 2019 | RPE-65 mediated retinal disease, Hemophilia A & B
Vayager Therapeutics / VYGR 17.72 39 477 -2.84 141 Phase 1/2 2023 | Parkinson’s disease
E=Estimate. *As of 6/30/17. Subsequently, Spark raised an additional $380 millien. N.A.=Net available. Sources: Chardan; Bloomberg
Audentes Therapeutics AveXis Regenxbio Spark Therapeutics Voyager Therapeutics
(BOLD - Nasdaq) (AVXS - Nasdaq) {RGNX - Nasdaq) (QNCE - Nasdaq) (VYGR - Nasdagy)
$30 $100 $30 $90 520
Weekly close
on Sept. 21
- 25
— 80 - 70 I
~ 20 - 20
_ = 50 - 10
15
- 10 : 40 , 10 , 30 , 5
2017 2017 2017 2017 2017

Editing the Mitochondrial Genome

Maria Falkenberg, Ph.D., and Michio Hirano, M.D.

Source: Bloomberg
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Epigenetic Therapies for Cancer

From the Department of Medicine, Divi-
sion of Hematology/Oncology, Columbia
University Irving Medical Center and
James ). Peters Veterans Affairs Medical
Center, New York.

N Engl ) Med 2020;383:650-63.
DOI: 10.1056/NEJMral805035
Copyright © 2020 Massachusetts Medical Society.

Susan E. Bates, M.D.

HROMATIN IS ONE OF THE EARLIEST IDENTIFIED TARGETS FOR CANCER
therapeutics. Drug development aimed at altering chromatin can be traced
to the differentiating agents of the 1970s and their link to DNA methyla-
tion." A more precise understanding of the complexity of chromatin and its role in
oncogenesis began to emerge when sequencing of the cancer genome revealed
mutations in numerous genes encoding proteins that regulate chromatin. In many
cases, these mutations proved to be critical in maintaining the malignant process,

an observation that led to new therapeutics. This review summarizes approved
agents and their clinical activity, describes therapies in development, and delineates
challenges in the field of epigenetics.

-
Chromosomes Histone modifications
Q Methylation
A Phosphorylation

O Acetylation

fe

K5

Histone
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Nucleosome shifts,
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Shapers

( a Mutation in
— histone protein

Insulators

NSkl

DNMTL, 3A, and 38

EZH2
DOTIL

KMT2A-D, SETD2, NSD1
EP300, CREBBP

TET2

IDH1, IDH2

HDAC1-3, 8
HDAC6

KDM1A, KDM6A (UTX)

BRD4
CBX family, CHD1

ARID1A, ARID1B, ARID2
SMARCA2, SMARCA4,
SMARCB1, CHD1

HIST1H1B, HIST1HIC,
HISTIH3B, H3F3A,
H3F3B

CTCF, STAG2, RAD21,
CHD8
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Methylates cytosines on DNA, and
mutation can lead to aberrant
methylation

Methylates histone H3K27
Methylates histone H3K79
Methylate histone lysines
Acetylate histone lysines

Is the first step in cytosine
demethylation; is inhibited by
2-hydroxyglutarate (2-HG)

Mutated protein produces 2-HG from
isocitrate that inhibits TET2 and lysine
demethylases

Deacetylase removes acetyl groups
from histone lysines

Demethylates histone lysines

Bromodomain proteins read acetyl
groups on histone lysines

Chromodomain proteins read
methyl groups

Proteins in the chromatin remodeling
complex use ATP to move
nucleosomes away from DNA; loss-
of-function mutations common in
cancer

Structural histone proteins acquire
mutations that can be oncogenic

Normal binding to CTCF sites on
DNA defines and protects gene
neighborhoods from inappropriate
expression

Azacitidine, decitabine

Tazemetostat

Azacitidine, decitabine

Ivosidenib, enasidenib

Vorinostat, belinostat,
panobinostat, romidepsin

Commonly Altered Epigenetic
Regulatory Proteins Implicated in

Cancer.

SE Bates. N Engl J Med 2020;383:650-663.

Clinical Images Obtained before and after Treatment with Romidepsin in a

Patient with Cutaneous T-Cell Lymphoma (CTCL).

Before Romidepsin

Romidepsin (Cycle 5)
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SE Bates. N Engl J Med
2020;383:650-663.
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Epigenetic Regulators under Investigation or Approved by the Food and
Drug Administration (FDA), According to Protein Family.

Preclinical
DNA Methyltransferases
Isocitrate Dehydrogenase 1 or 2
Histone Deacetylases
Histone Methyltransferases
Histone Demethylases
Bromodomain Proteins
Chromatin Remodelers

Histone Acetyltransferases -

CTCF Binding Proteins

Phase 1

Phase 2 or Phase 3

FDA Approval

Prime Time for Genome Editing?

Fyodor D. Urnov, Ph.D.

FD Urnov. N Engl J Med 2020;382:481-484.
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A CRISPR-Cas9 Editing, Active in Dividing Cells
e ——
——

DNA template with
correct target sequence

with mutation

|

Cas9 creates a double-stranded
break in the DNA

l

Repair by homologous
recombination

>

= T

Template l

Possible Outcome 1:
Allele is repaired through
recombination

B Prime Editing, Active in Dividing and Nondividing Cells

I
Fusion |
protein |

Target gene
with mutation

Reverse
transcriptase

o

Cas9 creates a single-stranded
nick in the DNA

1

Cleavage
ﬂ of flap
-

pegRNA template

1. Prime editing uses nicked target DNA to prime
reverse transcription on a pegRNA template

2. Fusion protein disengages. "Flap” is cleaved by
cellular factors followed by ligation to seal
the single-stranded break

Allele

Possible Outcome 2:
Allele acquires an indel through repair by nonhomologous
end joining

Allele

Indel

evd()

Original 1
unedited strand
edited strand 1
Outcome:

The intrinsic repair machinery of the cell recognizes the mismatch
between the corrected and uncorrected strand and repairs it. Thus,
the allele is successfully repaired with minimal undesired editing.

Allele

With this process (prime editing followed by mismatch repair), the
likelihood that both alleles in a cell will be correctly repaired is
higher than with CRISPR-Cas9 editing.
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A ASO Design B Screen in Patient Fibroblasts
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CRISPR-Cas9 In Vivo Gene Editing for Transthyretin Amyloidosis

Gillmore JD et al. DOI: 10.1056/NEJMoa2107454

CLINICAL PROBLEM

In transthyretin amyloidosis, misfolded transthyretin
(TTR) protein accumulates, primarily in the nerves
and heart, and is ultimately fatal. Current therapies
reduce amyloid formation through repeated infusions
that can have serious adverse effects or require infu-
sion premedications. These treatments slow but do
not stop disease progression.

CLINICAL TRIAL

Study Design: An open-label, phase 1 clinical study
evaluated the safety and pharmacodynamic effects of
NTLA-2001, a CRISPR-Cas9-based in vivo gene-edit-
ing therapy targeting TTR in human hepatocytes, in
adults with hereditary transthyretin amyloidosis and
polyneuropathy with or without cardiomyopathy.

Intervention: 6 patients received a single intravenous
infusion of NTLA-2001 at a dose of either 0.1 or 0.3 mg

per kilogram of body weight.

Efficacy: At 28 days after infusion, TTR levels were
reduced from baseline with both doses; the reduction
was greater with the larger dose.

Safety: Adverse effects occurred in 3 patients and were
mild.

LIMITATIONS AND REMAINING QUESTIONS
Further study is required to understand the following:

= The duration of TTR reduction after a single infu-
sion of NTLA-2001 at the doses used in this study
and at higher doses

= Clinical outcomes in these 6 patients and in larger
trials

= Whether other adverse effects, including off-target
gene editing, occur in the longer term

Links: Full Article | NEJM Quick Take | Editorial

HEPATOCYTE

/

Cas9
ribonucleoprotein single guide RNA

Complementary
3

5 4 : 3
Mene ! : RuvC domai tos| djacent
uvC domain protospacer-adjace
,__\ ——" manf
5

Ribonucleoprotein induces

inding of DI
then binds to DNA at TTR gene,
inducing targeted DNA cleavage

.

Endogenous DNA repair through
nonhomolegous end joining results
in introduction of indels into TTR
gene, leading to frameshift
mutations that prevent production
of functional TTR protein

Mean Reduction in Serum TTR Level at Day 28

CONCLUSIONS

This trial involving a small number of patients with heredi-
tary transthyretin amyloidosis provides proof-of-concept
evidence that CRISPR-Cas9-based gene editing with NTLA-
2001 greatly reduces TTR levels after a single infusion, with
only mild adverse events.

)
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OPEN
Long-term safety and efficacy of lentiviral

ARTICLES
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hematopoietic stem/progenitor cell gene therapy

for Wiskott-Aldrich syndrome
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GENE THERAPY

Gene therapy goes the distance in Wiskott-
Aldrich syndrome

Long-tarm follow-up data reinforce the curative potential of hematopoietic stem-cell gene therapy for this rare

primary immunodeficiency disorder.
Alessandra Biffi

iskott - Aldrich syndrome (WAS)
52 rare X chromosome linked

primary
caused by mutstions in the gere that
encodes the WAS protein (WASF), an
essential regalator of the actin cytoskeleton
in hematopaietic cells. WAS-affected
patienss p with throrbocpiopeni
eczema, recurrent infections, auimmune
disease and malignancy. Severe disease
occurs in those with no functional WASF
and is typically associated with a very dismal
prograsis — life expactancy is less than 15
years ir: the absersce of curative treatmants! 2.
ic hematopaoietic stem-cell
transplantation (HSCT) from HLA-matched
donars has become the gold-standard
treatment for patients with WAS™,
affering a potential cure and correction

and the use of matched unrelated donars
{if avaibble) casries a risk of complications,
‘hematnpaietic stem-cell (HSC)

P
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First sickle cell patient treated with CRISPR gene-editing still thriving : :
December 31, 20215:05 AM ET For more than a year, Victoria Gray's life had been MUluyear Factor VIII ExpreSSIOIl after AAV

transformed. Gone were the sudden attacks of horrible

https://www.npr.org/sections/health- pain that had tortured her all her life. Gone was the Gene Tl‘anSfer fOl‘ Hemophilia A

shots/2021/12/31/1067400512/first-sickle-cell-patient- devastating fatigue that had left her helpless to care for

:Li?:;t?\ﬂtr;g;g;iggz_gesditing_Stm_ herself or her kids. Gone were the nightmarish nights in Lindsey A. George, M.D., Paul E. Monahan, M.D., M. Elaine Eyster, M.D.,
the emergency room getting blood transfusions and Spencer K. Sullivan, M.D., Margaret V. Ragni, M.D., M.P.H.,
powerful pain medication. Stacy E. Croteau, M.D., M.M.S.. John E.J. Rasko, M.B., B.S., Ph.D.,
But would the experimental treatment she got to Michael Recht, M.D., Ph.D., Benjamin J. Samelson-Jones, M.D., Ph.D.,
genetically modify her blood cells keep working, and Amy MacDougall, B.S.N., Kristen Jaworski, M.S.N., F.N.P., Robert Noble, Ph.D
EzzzsgfﬁaffaedE(;Ignuetéliei?i?zggtﬁis Zfb:f)‘;l;leicem Marla Curran, Dr.P.H., Klaudia Kuranda, Ph.D., Federico Mingozzi, Ph.D.,
o Tiffany Chang, M.D., Kathleen Z. Reape, M.D., Xavier M. Anguela, Ph.D.,
More than another year later, the answer appears to be: and Katherine A. High, M.D.

Yes. "I'm doing great," Gray, now 36, said -

"I haven't any problems with sickle cell at all. I did get a
cold about a week ago," she says with a nervous chuckle. N ENGL) MED 385;21 NEJM.ORG NOVEMBER 18, 2021
Victoria's so traumatized by a life of sickle cell: a simple
cold had been one of many things that could trigger a
terrible attack of the painful symptoms of the disease.
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210-
Betibeglogene Autotemcel Gene Therapy for Non—8°/8° Genotype B-Thalassemia

OPEN-LABEL, PHASE 3 STUDY

Beti-cel gene therapy
23

(after myeloablation with busulﬁ'm)
*_" @

Adult and pediatric patients with |

transfusion-dependent B-thalassemia L (i TR

and a non-B°]8° genotype — -
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Transfusion independence
(median follow-up, 29.5 mo)

20 of 22 patients

F ..
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Average hemoglobin level during
transfusion independence

11.7 gldl (range, 9.5-12.8)

Factor VIII Activity (% of normal value)

|
4:-__ ~ 16
|
Median gene therapy-derived 24 | 8
adult hemoglobin level at 12 mo 8.7 g’ dl EEREEA) i
- 12 !
Beti-cel treatment resulted in transfusion independence in most patients = ' ' ' ' ' ! ' !
- 0.0 0.5 1.0 1.5 2.0 25 3.0 35 4.0
F. Locatelli et al. 10.1056/NEJMoa2113206 Copyright © 2022 Massachusetts Medical Society Years after Vector Administration

evdPDoopor G » ev(Poapcz



FONIAIAKH ©EPATIEIA: MAPON - MEAAON | KQETAY STPATAKHE

Oncolytic HSV-1 G207 Immunovirotherapy
for Pediatric High-Grade Gliomas

G.K. Friedman, J.M. Johnston, A.K. Bag, J.D. Bernstock, R. Li, I. Aban,

K. Kachurak, L. Nan, K.-D. Kang, S. Totsch, C. Schlappi, A.M. Martin, D. Pastakia,
R. McNall-Knapp, S. Farouk Sait, Y. Khakoo, M.A. Karajannis, K. Woodling,
J.D. Palmer, D.S. Osorio, J. Leonard, M.S. Abdelbaki, A. Madan-Swain,

T.P. Atkinson, R.J. Whitley, J.B. Fiveash, J.M. Markert, and G.Y. Gillespie

Before Treatment 5 Months 9 Months 12 Months 24 Months

evs( 21

FONIAIAKH ©EPATIEIA: MAPON - MEAAON | KQETAS STPATAKHE

Patient No.
and Dose Before Treatment

Time since
After Treatment Receiving G207

Low magpnification

Patient 001:
107 PFU

Patient 006:
108 PFU

Patient 009:
107 PFU
+5 Gy

Patient 010:
108 PFU
+5 Gy

Medium magnification High magnification

3 Months

9 Months

5 Months

3 Months

Immune and Genome Engineering
as the Future of Transplantable Tissue

Jennifer Elisseeff, Ph.D., Stephen F. Badylak, M.D., D.V.M, Ph.D.,
and Jef D. Boeke, Ph.D., D.Sc.
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Gene Therapy | RNA Imerfereneo| Organ lantati
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Application Vectors  Genes Muodels
- " . Cartil Adenoviral [L-1Ra 0A reduction (mo horse)
Designer organs: The future of personalized transplantation = I R ?“,,T‘j““‘?""m‘"hﬁum
Oﬁmdn?u;nfrahhill
TGF-WSmad7 DA reduction (mouse)
Julianna E. Buchwald'? | Paulo N. Martins' — OA reduction (ra)

FGE-1, FGF-2IL-1Ra, FGF-YIL-1Ra'IGF-1 OA reduction (rabbif)

—— P ]

The Future of Personalized Transplantation

CRISPR-CE?  RIA Imerierscn Dkk-1 0A reduction (mowse)

‘ injactable TEP-1 0A reduction (rat)
gens wachor BMP-2, BMP-5 Focal repair (horse)
“ compaurd POMC DA reduction (rath
| II | , Prgd .
e Ea - . | PN | 1l Pred/IL-IRa OA reduction (rat)
= u RHER A redoction (mouse)
HDAC DA reduction (rat)
LOXL2 OA reduction (mowse)
rAAY Dikk-1 DA reduction (rath
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Bone Adenoviral BMP-2 Bone healing (rabbit)
vertons Bone healing (rat)
Bone healing (sheep)
Bone healing (horse)
. -.I'"r.- . TGF-p Bone healing (ralsbat)
a, { & #} VEGF
2 { 4 ¥ FAAY CoX-2 Bone formation (mouse)
[ Tt 1 . vertoms siRMA { ApoE)
Gene Delivery Xenotransplantation Graft Survival Organ Protection - 2 Tendons,  Adenoviral BMP-12 Tendon healing (chicken)
CRISPR-Cas9 Machine Perfusian Patient Survival  Machine Perfusion - J ligaments  vectors Ligament healing {rabbit)
RMA Graft Treatment n Suppl Organ Optimization : . GDF-5 Tendon healing {rath
Drga pply gan Up l;l:rrgi.dar bone I_m MEeniscus ARV FGE2 Tendon healing (chicken)
> age 9 vectors  VEGF
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Gene Therapy - Can it Cure Type 1 Diabetes?

Mirra Srinivasan ', Santhosh Raja Thangaraj ' , Hadia Arzoun !

1. Internal Medicine, California Institute of Behavioral Neurosciences & Psychology, Fairfield, USA
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7]
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Fishman
et al. [9]

Matsuoka
etal. [10]

Mallol et
al. [11]

Xie et al.
[12]
Yeh et al.

[13]

Xiao et
al. [14]

Year
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2016

2017

2017

2017

2017

2017

Key Findings

Lentiviral vector-encoding Reg3g contributes to B cell regeneration and prevents B cells from autoimmune destruction
by strengthening regulatory T-cells and generating highly resistant dendritic cells.

Targeted lentiviral fransduction of the insulin gene into primary cMSCs makes these cells capable of secreting insulin in
adequate quantities in vitro, indicating that they could be used in insulin gene therapy.

In vivo, mRNA-transfected T-cells expressing chimeric MHC complexes can selectively immunotarget pathogenic T-
cells, thus preventing or minimizing the incidence of autoimmune diabetes in NOD mice.

Pdx1's ability to promote B-cell development from Ngn3-positive endocrine precursors was discovered to be potentiated
by MafA, as well as Pdx1's ability to develop B-cells from a-cells.

Transgenic NOD mice overexpressing IGF1 specifically in B-cells (NOD-IGF1) and IGF1-encoding AAV of serotype 8
(AAVB-IGF1-dmiRT) treated NOD mice exhibited significantly reduced islet infiltration, preserved B-cell mass, and
normalized insulin levels than controls.

In overtly diabetic mice, an integration of Ngn3-Btc gene therapy and anti-TCRP mAb treatment resulted in the
development of periportal insulin-producing cells in the liver.

Transduced lentivirus Treg avatars are more likely to clear islet infiltration/inflammation and contribute to sustained
engraftment in the long run.

The pancreatic duct was infused with adeno-associated virus containing Pdx1 and MafA expression cassettes in both p
cell-toxin-induced diabetic mice and autoimmune NOD animals which then converted a cells into functional B cells and
restored blood glucose that persisted for four months prior to reestablishment of autoimmune T1D.

)
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Adeno-associated

virus containing
Pdx1 and MafA Treated T1D

gene expression

Deficiency of B cells

Hyperglycemic Euglycemic

@ ocell W B cell W Restored B cell

CONCLUDING
STATEMENTS

FIGURE 3: Reprogramming a cells into § cells through gene therapy

Gene therapy is now mature enough to be
tried in several diseases

Technology has led to many new applications
beyond the classic gene replacement one

There is convergence of gene therapy
technology and tissue regeneration

The transplantation field will soon be

completely transformed due to gene therapy

|
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Gene therapy and other novel therapies:
the future is here!

Challenges faced by the medical systems:

* Infrastructure?
* Knowledgeable staff; training?
* Complications that may lead to new diseases

Constantine A. Stratakis, MD, D(med)Sci, PhD (hc)

CSO, ELPEN, Inc. & Director, Research Institute, Athens, Greece

Senior Investigator, Human Genetics & Precision Medicine, FORTH (ITE), Heraklion, Greece
(ret) Scientific Director & Senior Investigator, NICHD, NIH, Bethesda, MD, USA

Email: castratakis@elpen.gr or castratakis@verizon.net
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