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Context: Unilateral adrenalectomy has been proposed in selected patients with primary bilateral
macronodular adrenocortical hyperplasia (PBMAH), but its long-term outcome is unclear.

Objective: The aim of this study was to analyze long-term clinical and biochemical outcomes of
unilateral adrenalectomy vs bilateral adrenalectomy in patients with PBMAH in comparison with
the outcome of cortisol-producing adenoma (CPA) treated with unilateral adrenalectomy.

Design: Retrospective observational study in three German and one Italian academic tertiary care
center.

Patients and Methods: Twenty-five patients with PBMAH after unilateral adrenalectomy (unilat-
ADX-PBMAH), nine patients with PBMAH and bilateral adrenalectomy (bilat-ADX-PBMAH), and 39
patients with CPA and unilateral adrenalectomy (unilat-ADX-CPA) were included.

Results: Baseline clinical and biochemical parameters were comparable in patients with unilat-ADX-
PBMAMH, bilat-ADX-PBMAH, and unilat-ADX-CPA. Directly after surgery, 84% of the patients with
unilat-ADX-PBMAH experienced initial remission of Cushing syndrome (CS). In contrast, at last
follow-up (median, 50 months), 32% of the patients with unilat-ADX-PBMAH were biochemically
controlled compared with nearly all patients in the other two groups (P = 0.000). Adrenalectomy of
the contralateral side had to be performed in 12% of the initial patients with unilat-ADX-PBMAH.
Three of 20 patients with unilat-ADX-PBMAH (15%) died during follow-up, presumably of CS-
related causes; no deaths occurred in the other two groups (P = 0.008). Deaths occurred exclusively
in patients who were not biochemically controlled after unilateral ADX.

Conclusions: Our data suggest that unilateral adrenalectomy of patients with PBMAH leads to
clinical remission and a lower incidence of adrenal crisis but in less sufficient biochemical control of
hypercortisolism, potentially leading to higher mortality. (J Clin Endocrinol Metab 104: 2985-2993,

2019)
ISSN Print 0021-972X  ISSN Online 1945-7197 Abbreviations: ADX, adrenalectomy; CPA, cortisol-producing adenoma; CS, Cushing
Printed in USA syndrome; IQR, interquartile range; PBMAH, primary bilateral macronodular adreno-
Copyright © 2019 Endocrine Society cortical hyperplasia; QoL, quality of life; UFC, urinary free cortisol.

Received 12 October 2018. Accepted 1 March 2019.
First Published Online 7 March 2019

doi: 10.1210/jc.2018-02204 J Clin Endocrinol Metab, July 2019, 104(7):2985-2993 https://academic.oup.com/jcem 2985

0202 ABIN 0€ U0 Josn Aseiqi 1oInysul exsuliosed] Aq 69102€S/S862/2/701/A0BISqe-0]o1LE/WSl/W0D dNO oIWSPED.//:SARY WOI) PAPEOJUMOQ


http://orcid.org/0000-0002-1291-8906
http://orcid.org/0000-0003-0586-0168
http://orcid.org/0000-0003-2551-3008
http://orcid.org/0000-0001-7826-3984
http://orcid.org/0000-0002-1291-8906
http://orcid.org/0000-0003-0586-0168
http://orcid.org/0000-0003-2551-3008
http://orcid.org/0000-0001-7826-3984
http://dx.doi.org/10.1210/jc.2018-02204
https://academic.oup.com/jcem

2986 Osswald et al

ndogenous Cushing syndrome (CS) is a severe disease
E characterized by excessive glucocorticoid production
(1). In ~20% of cases, cortisol is secreted autonomously
by the adrenal cortex (2). Adrenal CS is mostly caused by
unilateral cortisol-producing adrenal adenomas (CPAs)
and less frequently by cortisol-secreting carcinomas. Very
rare causes are primary bilateral macronodular adre-
nocortical hyperplasia (PBMAH), bilateral CPAs, and
primary pigmented micronodular adrenal disease (3, 4).

PBMAH presents on imaging with characteristic
multiple bilateral macronodules (>10 mm) with hyper-
plasia and/or internodular atrophy (5). Pathophysio-
logically, the expression of aberrant membrane receptors
in the adrenal cortex plays an important role (4). In most
instances, PBMAH is a sporadic disorder, although fa-
milial cases have been described (6). Biallelic inactivating
variants in the tumor suppressor gene Armadillo re-
peat containing 5 (ARMCS) is a frequent cause of
PBMAH (7). Characteristically, a germline and a somatic
tissue-specific gene variant are required for the devel-
opment of PBMAH, which is consistent with the two-hit
hypothesis of tumorigenesis (8).

Treatment of choice to control hypercortisolism in
patients with PBMAH is bilateral adrenalectomy, which
inevitably results in lifelong glucocorticoid dependence
and, thereby, a risk of adrenal crisis (6). To avoid the
induction of adrenal insufficiency, resection of only one
adrenal gland has been advocated. Indeed, several recent
studies have reported clinical and biochemical improve-
ment after unilateral adrenalectomy (9-13). However, the
number of documented patients and associated follow-up
time is limited. Here, we report the largest series of patients
with PBMAH after unilateral adrenalectomy with analysis
of long-term results regarding biochemical and clinical
outcomes as well as morbidity and mortality. We compare
their outcome with patients with PBMAH treated with
bilateral adrenalectomy and with patients with CPA
treated with unilateral adrenalectomy.

Subjects and Methods

Patient cohorts

Patients with adrenal CS were recruited from four
European academic tertiary centers [Medizinische Klinik
IV, Munich (n = 52); Endocrinology in Charlottenburg,
Berlin (n = 15); S. Orsola-Malpighi Hospital, Bologna
(n = 10); and Division of Endocrinology and Diabetes,
Department of Internal Medicine I, University Hospital
Wirzburg (n = 8)]. German patients were asked to
participate in a long-term evaluation within the German
Cushing’s Registry CUSTODES (14).

Diagnosis was confirmed by chart review with special
focus on histology and radiology. All adrenal scans were
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reviewed by a multidisciplinary tumor board, or the
original scan was rereviewed by a radiologist. An original
scan was not available in five patients with CPA, but all
five patients had the typical histology and long-lasting
postoperative adrenal insufficiency of at least 19 months,
in line with a unilateral CPA. PBMAH was histopath-
ologically defined by the presence of macronodular hy-
perplasia, whereas unilateral CPAs were specified by
single adenomas with atrophic surrounding adrenal tis-
sue. The decision for unilateral adrenalectomy (ADX) in
PBMAH was based on several factors that were in most
instances analyzed and discussed in a multidisciplinary
endocrine patient board: besides imaging characteristics
(single adenoma, multiple nodules, atrophic or hyper-
trophic adrenal cortex) and size differences of the adrenal
glands, these decisions were based on cortisol gradients
during adrenal vein sampling (15) and uptake in iodine-
131 or iodine-123 iodometomidate scintigraphy (16).
Of the 85 patients, 40 were diagnosed with PBMAH,
and 45 had unilateral CPAs. Patients who remained
without surgery based on personal choice (two with
PBMAH, two with CPA) or who had adrenal-sparing
subtotal adrenalectomies (four with PBMAH, four
with CPA) were excluded from further analysis. The
remaining patients were divided according to surgical
procedure in PBMAH with unilateral adrenalectomy
(unilat-ADX-PBMAH, n = 25), bilateral adrenalectomy
(bilat-ADX-PBMAH, n = 9), or CPA with unilateral
adrenalectomy (unilat-ADX-CPA, n = 39).

Clinical studies

Epidemiologic, clinical, and biochemical data were
extracted from patients’ files and entered into an elec-
tronic database. Information on medical history and
socio-demographic characteristics was obtained by
trained and certified staff members during a standardized
patient interview. The participants underwent at least
one standardized postsurgical medical examination. As
part of CUSTODES, the examinations were repeated
annually. If not mentioned otherwise, results of the last
follow-up are reported. The examination included blood
sampling, evaluation of waist-to-hip ratio, and quanti-
fication of muscle strength and blood pressure. The latter
was measured three times on both arms in a seated
position after 5 minutes of rest. The mean of three
measurements was used for statistical analysis. Grip
strength was assessed with the Jamar hydraulic hand
dynamometer (Sammons Preston Rolyan). Mean values
of three trials of the leading hand were calculated and
compared with median values of an age- and sex-
matched normative population (17). For the chair-
rising test, the time for rising from a chair (height,
45 cm) five times at maximum speed was taken. The
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patient started while seated and ended while standing.
Blood samples were taken in the morning from seated
subjects who had been fasting.

The study was approved by the local ethical com-
mittees (Ethikkommission bei der Medizinischen Fakultit der
LMU Miinchen, Ethikkommission bei der Medizinischen
Fakultit der Universitit Wiirzburg, Ethikkommission
der Arztekammer Berlin and ethics committee of the S.
Orsola-Malpighi Hospital of Bologna), and all patients
provided written informed consent.

Biochemical measurements

We measured 24-hour urinary free cortisol (UFC) with
the Liaison Assay (DiaSorin) or with RTA (Immunotech-
Assay, Beckman-Coulter). ACTH and serum cortisol
were measured with the Liaison Assay (DiaSorin) or with
Immulite (Siemens Healthineers). All other biochemical
variables were assayed in the central laboratories of
the participating centers using standardized analytical
methods.

Definitions

Subjects with blood pressure =140/90 mm Hg, self-
reported history of hypertension, or intake of antihy-
pertensive medication were classified as hypertensive.
Diabetes was defined by HbAlc levels =6.5% or
treatment with antidiabetic drugs. Osteoporosis was
defined by T-values —2.5 SD or less using dual-energy
X-ray absorptiometry. Cushing stigmata included a large
variety of symptoms regarded as disease specific (e.g.,
moon face, buffalo hump, hirsutism, or skin alterations).
Muscle weakness was defined by the self-reported dis-
ability to rise from knee bending without the aid of arms.
Psychiatric morbidities included self-reported anxiety,
depression, panic attacks, or psychosis. Clinical re-
mission of CS was defined by the disappearance of
Cushing stigmata. Biochemical remission from CS was
defined by dependence on glucocorticoid substitution
and/or normalization of dexamethasone-suppressed se-
rum cortisol (<1.8 pg/dL) and/or normal UFC excretion
(<150 pg/24 h).

Genetic testing

Genetic testing was performed as previously described
(18). The ARMCS coding sequence as well as flanking
intronic sequences were amplified by PCR from leuko-
cyte DNA of 11 patients. Both strands of the ampli-
fied products were directly sequenced with forward and
reverse primers. All mutations were confirmed twice
in two independent experiments. The in silico soft-
ware Polyphen-2 (http:/genetics.bwh.harvard.edu/pph2/)
and SIFT version 2 (http://sift.jcvi.org/www/SIFT _enst_
submit.html) were used to predict the pathogenic poten-
tial of the missense variants. The software Mutalyser
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(Version 2.0.3; https://mutalyzer.nl/name-checker/)
was used to check the sequence variant nomenclature
according to Human Genome Variation Society ver-
sion 2.0.

Quality of life questionnaires

A generic health-related quality of life (QoL) ques-
tionnaire (SF-36 Health Survey) (19) and two disease-
specific instruments [ Tuebingen CD-25 (20) and Cushing
QoL (21)] were used to assess QoL. In each of these
questionnaires, values can range from 0 to 100. Higher
scores in the SF-36 Health Survey as well as the Cushing
QoL and lower scores in the Tuebingen CD-25 indicate
better QoL.

Statistical analysis

Data were extracted from the German Cushing’s
Registry CUSTODES. If not stated otherwise, results are
expressed as median and interquartile range (IQR). Data
between groups were compared using x” test (two-sided),
Mann-Whitney U test, or Kruskal-Wallis test. Survival
was analyzed using Kaplan-Meier curves. Concerning
health-related QoL, Mann-Whitney U test was used for
comparison of scores between different patient groups.
A P value <0.05 was considered statistically signifi-
cant. Statistical analysis was performed using SPSS
ver. 25 (IBM).

Results

Surgical procedures in patient groups

Clinical and biochemical parameters at initial di-
agnosis of CS were comparable between patients with
unilat-ADX-PBMAH, patients with bilat-ADX-PBMAH,
and patients with unilat-ADX-CPA except for age at di-
agnosis (Table 1). Two of 10 tested patients with PBMAH
were found to carry ARMCS mutations.

Initial clinical and biochemical outcome after
first surgery

Unilateral adrenalectomy resulted in clinical and bio-
chemical remission in 21 of the 25 (84%) patients with
PBMAH. As expected, 100% of the patients with bilat-
ADX-PBMAH and unilat-ADX-CPA experienced clinical
and biochemical remission (Table 2).

Persistence and recurrence of CS

Adrenalectomy of the contralateral side had to be
performed in three (12%) of the patients with PBMAH
initially subjected to unilateral adrenalectomy because of
persistent or recurrent hypercortisolism. One patient of
the bilat-tADX-PBMAH group developed a (clinically
silent) para-aortic tumor 20 years after bilateral ADX.
This lesion was incidentally detected during CT imaging
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Table 1.
Surgical Treatment

Clinical and Biochemical Parameters at Diagnosis of CS According to the Underlying Pathology and

Unilat-ADX-PBMAH

Bilat-ADX-PBMAH Unilat-ADX-CPA

(n = 25) (n=9) (n = 41) P

Female/male 16/9 5/4 35/4
Age at diagnosis, y 56 (22), 25 53 (35), 9 45 (19), 39 0.026
Time from first symptoms to diagnosis, mo 22 (27), 15 39 (69), 7 27 (40), 37 ns
Biochemistry

HbA1c, % 5.8 (0.7), 19 59, 2 5.6 (1.4), 19 ns

UFC, ng/24 h 274 (299), 23 182 (1418), 6 250 (422), 26 ns

Serum cortisol after 1 mg DXM, wg/dL 9(12), 23 15 (239), 5 15 (16), 33 ns

Midnight salivary cortisol, pwg/L 4 (5), 10 11,1 4 (6), 21 ns

ACTH, pg/mL 2.5 (5.0), 21 25@2.5),7 3.0 (2.9), 27 ns
Clinical evaluation

Systolic blood pressure, mm Hg 140 (25), 21 140 (43), 5 145 (32), 29 ns

Diastolic blood pressure, mm Hg 88 (11), 21 100 (15), 5 90 (20), 29 ns

BMI, kg/m2 27 (8), 22 27 (5), 5 29 (10), 33 ns
Prevalence of Cushing stigmata, % (n) 68 (22) 86 (7) 80 (35) ns

Unless noted otherwise, values are median (IQR), n. Conversion from ACTH in pg/mL to SI units (pmol/L) is performed by multiplication by 0.22.

Abbreviations: BMI, body mass index; DXM, dexamethasone; ns, not significant.

for a suspected renal carcinoma and surgically resected
because of the suspicion of a lymph node metastasis.
Histology demonstrated an adrenal marconodule.

Standardized clinical and biochemical evaluation at
last follow-up

After a median follow-up of 50 months, 96% of
the unilaterally adrenalectomized patients with PBMAH
were clinically controlled, defined by remission of Cushing
stigmata. In contrast, the percentage of biochemically
controlled patients was lower, with 67% having nor-
malized 24-hour UFC and 32% having normal cortisol
suppression after 1 mg dexamethasone. UFC was 1.1-fold
greater than the upper limit of normal (10% above the
reference range) in patients with unilat-ADX-PBMAH
(n = 13) compared with 0.5-fold in patients with
unilat-ADX-CPA (n = 28, P < 0.001).

Table 3 summarizes clinical and biochemical pa-
rameters at follow-up examination in the three patient
groups after exclusion of patients who underwent second
ADX (n = 3) or were lost to follow-up (n = 3). According
to this analysis, patients with unilat-ADX-PBMAH were
characterized by elevated midnight salivary cortisol and
pathologic dexamethasone suppression test. Clinical
outcome was not significantly different compared with
patients with bilat-ADX-PBMAH and patients with
unilat-ADX-CPA except for systolic blood pressure.

Adrenal insufficiency and adrenal crisis

Of 20 patients with unilat-ADX-PBMAH, 10 (50%)
suffered from temporary and 1 (5%) from persistent
adrenal insufficiency; the remaining nine patients (45%)
experienced no adrenal insufficiency (Fig. 1). Expectedly,
all patients with unilat-ADX-CPA developed adrenal

Table 2.
Patients With Unilat-ADX-CPA

Clinical and Biochemical Outcomes in Patients With Unilat-ADX-PBMAH and Bilat-ADX-PBMAH and

Unilat-ADX-PBMAH, n (%) Bilat-ADX-PBMAH, n (%) Unilat-ADX-CPA, n (%) P

Initial remission 21/25 (84)
Recurrence 3/21 (14)
Second operation necessary 3/25 (12)
Remission at last follow-up (according
to definition)?

Clinically controlled 22/23 (96)

Biochemically controlled (UFC) 12/18 (67)

Biochemically controlled (DXM) 7/22 (32)

9/9 (100) 39/39 (100) 0.017
179 (117 0/39 (0) ns
1/9 (117 0/39 (0) ns
8/9 (89) 28/38 (74) ns
9/9 (100) 30/31 (97) 0.004
9/9 (100) 30/31 (97) 0.000

Abbreviation: DXM, dexamethasone.

21992 BADX, 2012 removal of a suspicious para-aortal lymph node, histologically being an adrenal adenoma.

bClinically controlled was defined by the remission of Cushing stigmata; biochemically controlled was defined by dependence on glucocorticoid

substitution and UFC <150 wg/d or cortisol after 1 mg DXM <1.8 pg/dL.
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Table 3.

Patients With Unilat-ADX-CPA at Last Follow-Up

Clinical and Biochemical Outcome in Patients With Unilat-ADX-PBMAH or Bilat-ADX-PBMAH and

Unilat-ADX-PBMAH

Bilat-ADX-PBMAH

Unilat-ADX-CPA

(n = 20) (n=9) (n = 38) P
Female/male 14/6 5/4 34/4 0.039
Age at last follow-up, y 65 (11), 20 65 (29), 9 55 (24), 38 0.011
Follow-up time since operation, mo 50 (100), 20 88 (164), 9 55 (107), 38 ns
Biochemistry at follow-up
UFC, ng/l24 h 117 (133), 13 35, 3 41 (62), 28 0.003
Serum cortisol after 1 mg DXM, wg/dL 2.6 (3.1), 18 0.5, 3 1.0(0.3), 17 0.000
Midnight salivary cortisol, pg/L 2.1(2.3),8 22,2 0.8 (1.0), 29 0.016
ACTH, pg/mL 15 (11), 19 13 (38), 8 20 (14), 38 ns
Clinical evaluation at follow-up
Systolic blood pressure, mm Hg 140 (20), 19 135 (26), 9 119 (26), 38 0.011
Diastolic blood pressure, mm Hg 81 (16), 19 80 (13), 9 78 (12), 38 ns
HbA1c, % 5.8 (0.8), 19 5.7 (0.9), 8 5.6 (0.6), 38 ns
Total cholesterol, mg/dL 207 (59), 19 208 (83), 8 200 (47), 38 ns
LDL, mg/dL 112 (42), 19 122 (45), 7 114 (45), 38 ns
Triglycerides, mg/dL 94 (84), 19 151 (143), 8 129 (105), 37 ns
Lowest T-value in DXA -1.7,3 -05, 3 -1.2(1.6), 23 ns
BMI, kg/m2 25.4 (8.6), 20 24.8 (5.7), 9 27.6 (12.0), 38 ns
Waist-to-hip ratio 0.9(0.1), 9 1.0, 3 0.9 (0.2), 35 ns
Grip strength, %° 96 (29), 10 100 (29), 6 90 (38), 35 ns
Chair rising test, s 8(5), 8 9 (5), 6 8 (4), 32 ns

Unless noted otherwise, values are median (IQR), n. Conversion from ACTH in pg/mL to SI units (pmol/L) is performed by multiplication by 0.22.

Abbreviations: BMI, body mass index; DXA, dual-energy X-ray absorptiometry; DXM, dexamethasone.

?Grip strength was assessed with a hand dynamometer. Mean values of three trials of the leading hand were compared with median values of an age-

and sex-matched normative population (= 100%).

insufficiency (58% temporary and 42% persistent at last
follow-up), and all patients with bilat-ADX-PBMAH
remained adrenal insufficient. Duration of tempo-
rary adrenal insufficiency was significantly shorter
in patients with unilat-ADX-PBMAH compared with
patients with unilat-ADX-CPA [median, 3 months
(IQR, 6) vs 19 months (IQR, 45); P = 0.002]. The daily

hydrocortisone replacement dose at last follow-up was
not significantly different between patients with bilat-
ADX-PBMAH and patients with unilat-ADX-CPA
[median, 25 mg/d (IQR 15) vs 20 mg/d (IQR 9); P =
ns|]. None of the patients with unilat-ADX-PBMAH
experienced an adrenal crisis, whereas 38% of the pa-
tients with bilat-:ADX-PBMAH and 8% of the patients

Adrenal insufficiency

Cum. percentage

0.2

--""tunilat-ADX-CPA

— Tbilat-ADX-PBMAH
—unilat-ADX-PBMAH

O unilat-ADX-CPA censored
O bilat-ADX-PBMAH censored
>< unilat-ADX-PBMAH censored

0.0

T T T
0 100 200

T T
300 400

Duration of adrenal insufficiency after adrenalectomy (months)
Figure 1. Kaplan-Meier analysis on adrenal insufficiency for patients with unilat-ADX-PBMAH (n = 11) or bilat-ADX-PBMAH (n = 9) and

patients with unilat-ADX-CPA (n = 37).
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with unilat-ADX-CPA had one crisis per year on average
(P = 0.009).

QoL and psychiatric morbidity

QoL at last follow-up was not significantly different
between the three patient groups except for general
health and vitality in the SF-36 questionnaire, which was
lowest in the patients with unilat-ADX-CPA (Table 4).
Similarly, psychiatric morbidity was higher in patients
with unilat-ADX-CPA (39% vs 16% in unilat-ADX-
PMAH and 0% in bilat-ADX-PBMAH).

Surgical and long-term mortality

Surgical 30-day mortality was 0% in all groups. During
follow-up, 3 of the 20 patients (15%) with unilat-ADX-
PBMAH died. Causes for death were septic shock, sepsis
with cardiac decompensation, and sudden death of un-
known cause (each n = 1). All three patients had persisting
biochemical hypercortisolism at last follow-up. No pa-
tients died in the bilat-ADX-PBMAH and unilat-ADX-
CPA groups (P = 0.008) (Fig. 2). The last available
cortisol level after 1 mg dexamethasone was significantly
higher in the patients with unilat-ADX-PBMAH who died
than in surviving patients (15.6 vs 2.4 ng/dL, P = 0.014).

Discussion

An increasing number of studies reported on unilateral
adrenalectomy in patients with PBMAH (9-13, 22, 23).
These data suggest that unilateral ADX is a safe pro-
cedure that controls hypercortisolism and avoids the
risks associated with persistent adrenal insufficiency.
However, several caveats have to be taken into account.
The number of patients studied is still limited to seven
studies with a total of 81 patients, and most reports were
based on monocentric series. Moreover, there are no
reference patient groups, and long-term mortality has not
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been reported. These limitations prompted our study,
which is multicentric and provides long-term follow-up
on important clinical, biochemical, and health-related
QoL parameters. In addition, the data are compared
with outcome data of a closely related entity, cortisol-
producing adenomas. In terms of severity of CS at time of
diagnosis, our cohorts were well balanced with respect to
body mass index, blood pressure, diabetes, and bio-
chemical parameters of hypercortisolism.

Novelties of the current analysis

Our study provides substantial information relevant to
patients and physicians. Clinical outcome data of our series
demonstrate that unilateral adrenalectomy in patients with
PBMAH results in long-term control of Cushing stigmata
similar to both control groups, bilaterally adrenalecto-
mized patients with PBMAH, and unilaterally adrenalec-
tomized patients with CPA. Compared with both control
groups, the outcome in unilaterally adrenalectomized
PBMAH is grosso modo similar with respect to metabolic,
cardiovascular, health-related QoL, and musculoskeletal
parameters. However, a substantial percentage of patients
with unilat-ADX-PBMAH—in our series 33% (UFC) to
68% (1 mg dexamethasone test)—keep or redevelop the
endocrine phenotype of excessive cortisol secretion. Within
this cohort we observed three premature casualties, in part
due to infectious complications, which might be interpreted
as an indicator of impaired immune function due to
hypercortisolism. These patients had less controlled cor-
tisol levels compared with the patients who were still alive
at last follow-up.

Outcome of PBMAH in comparison with
published series

Of the patients with unilat-ADX-PBMAH in our cohort,
84% experienced initial remission. Remission rates pre-
viously reported are similar, whereas the overall variability

Table 4. Health-Related QoL at Last Follow-up in Patients With Unilat-ADX-PBMAH and Bilat-ADX-PBMAH

and Patients With Unilat-ADX-CPA at Last Follow-Up

Unilat-ADX-PBMAH Bilat-ADX-PBMAH Unilat-ADX-CPA P
SF-36 Physical functioning 78 (58), 6 88 (35), 4 68 (41), 18 ns
SF-36 Role-physical 63 (100), 6 88 (81), 4 0 (63), 18 ns
SF-36 Bodily-pain 61 (51), 6 63 (36), 4 44 (56), 18 ns
SF-36 General health 40 (30), 6 68 (30), 4 33 (26), 18 0.032
SF-36 Vitality 45 (39), 6 58 (19), 4 28 (28), 18 0.031
SF-36 Social functioning 57 (34), 6 94 (31), 4 38 (56), 18 ns
SF-36 Role-emotional 33 (75), 6 84 (59), 4 50 (100), 18 ns
SF-36 Mental health 50 (28), 6 86 (25), 4 52 (40), 18 ns
Cushing QoL 64 (52), 6 79 (35), 4 44 (24), 18 ns
Tuebingen CD-25 total score 22 (34), 6 15, 3 33 (30), 17 ns
Psychiatric morbidity, n (%) 3/19 (16) 0/9 (0) 15/38 (39) 0.042

Unless noted otherwise, values are median (IQR), n. For Short Form (36) Health Survey, higher scores indicate better QoL; for Cushing QolL, higher scores
indicate better outcome; for Tuebingen CD-25, lower scores indicate better QoL.

Abbreviation: SF-36, Short Form (36) Health Survey.
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Figure 2. Kaplan-Meier analysis on overall survival for patients with unilat-ADX-PBMAH (n = 20) or bilat-ADX-PBMAH (n = 9) and patients with

unilat-ADX-CPA (n = 38).

is large (25% to 93%) (9-11, 13). Contralateral adre-
nalectomy was performed in 12% of our initially unilat-
erally adrenalectomized patients with PBMAH at a later
stage, compared with 0% to 33% in the literature (9—13).

In contrast to clinical outcome, biochemical outcome
was less successful in our series because only 67% had
normalized UFC or received glucocorticoid replacement
after a median follow-up of 42 months. Normalization of
UFC was superior in two studies, with 86% and 93%
after a median follow-up of 53 and 69 months, re-
spectively (11, 13). Debillon et al. showed normalization
of UFC in all cases 3 months postoperatively but ele-
vation of UFC after 8 yearsin 13% (10). Thus, it has to be
taken into account that elevation of UFC might reoccur
at a later stage after adrenalectomy. In accordance with
Lamas et al. (12), we recognized elevated cortisol values
after 1 mg dexamethasone and disturbed circadian sal-
ivary cortisol rhythm in 79% and 67% of cases, re-
spectively. Abnormalities in circadian cortisol rhythm
have been associated with increased risk of cardiovas-
cular morbidity (24).

Occurrence of adrenal insufficiency was similar to the
rates in published data. Of the patients with unilat-ADX-
PBMAH, 50% had temporary adrenal insufficiency, 5%
had persistent adrenal insufficiency, and 45% never ex-
perienced adrenal insufficiency. In the literature, the fre-
quencies of adrenal insufficiency range from 7% to 50%
(temporary), from 0% to 33% (persistent), and from 50%
to 71% (absent) (10-12). Of note, 38% of the patients
with bilat-ADX-PBMAH in our series had one adrenal
crisis per year on average. On the other hand, long-term
outcomes of bilateral adrenalectomy in patients with CS
have been shown to be favorable (25).

Postoperative QoL in the SF-36 questionnaire was
comparable to the postoperatively improved values of
patients with unilat-ADX-PBMAH reported by Iacobone
et al (11).

Although the severity and duration of hypercortisolism
before surgery as well as comorbidities were comparable
between unilateral and bilateral adrenalectomized patients
with PBMAH and patients with unilateral adenoma,
mortality was significantly different. Three patients in
the unilaterally adrenalectomized PBMAH group died,
whereas in the other two groups no deaths occurred. In the
literature mortality has not been reported, especially
compared with other adrenal Cushing entities or different
treatment options as bilateral adrenalectomy. We believe
that our data indicate that unilaterally adrenalectomized
patients with PBMAH, while being clinically asymptom-
atic, are at sustained risk for adverse outcome especially
when biochemical parameters of autonomous cortisol
secretion are greatly elevated.

Strengths and limitations

The strengths of our study include the multicentric
approach, the large number of subjects; the systematic
evaluation of Cushing-associated comorbidities; and the
long follow-up, which allowed a mortality analysis. The
limitations are largely related to the retrospective study
design. Individual decisions for unilateral or bilateral
adrenalectomy did not follow a predefined protocol.
Some patients were lost to follow-up, and standardized
evaluation of outcomes was only possible in a subgroup
of patients. Moreover, the group of bilaterally adrenal-
ectomized patients with PBMAH was much smaller than
the group of unilaterally adrenalectomized patients with
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PBMAH. However, considering the exceptional rarity of
this condition, we are convinced that the presented data
are robust enough to justify our conclusions.

Conclusions

The current study provides rare data of long-term out-
come and mortality of patients with PBMAH after ad-
renalectomy in comparison with a reference patient group.
Argumentation for acceptance of mild persistent hyper-
cortisolism against lifelong glucocorticoid dependence is
justifiable as long as it does not lead to enhanced mortality.
In view of the presented data, unilateral adrenalectomy
should be reserved for patients with PBMAH with
asymmetric hyperplasia or mild cortisol secretion (11).
Although our observational data do not allow to define a
safe UFC cut-off, we believe that persistently elevated
levels of more than two times upper limit of the norm
should lead to additional measures to control hyper-
cortisolism, such as adrenostatic treatment or (subtotal)
contralateral adrenal surgery.

Acknowledgments

This study was only feasible due to the support of the Cushing
Registry teams in Munich, Wiirzburg, and Berlin (Maximilian
Miiller, Kristina Ehrlich, Kim-Catherine Schmidt, and Britta
Bauer).

Financial Support: This work is part of the German
Cushing’s Registry CUSTODES and has been supported by a
grant from the Else Kroner-Fresenius Stiftung to M.R. (2012_
A103 and 2015_A228). A.O., F.B., and M.R. received funding
by the Deutsche Forschungsgemeinschaft (CRC/TRR 205
“The Adrenal Gland”). T.D. received a grant from the In-
terdisciplinary Center for Clinical Research (IZKF) of the
University of Wiirzburg (Grant Z-2/57).

Correspondence and Reprint Requests: Martin Reincke,
MD, Medizinische Klinik und Poliklinik IV, Klinikum
der Universitit Miinchen, LMU Miinchen, Ziemssenstr. 1,
D-80336 Munich, Germany. E-mail: martin.reincke@med.
uni-muenchen.de.

Disclosure Summary: The authors have nothing to
disclose.

References

1. Raff H, Sharma ST, Nieman LK. Physiological basis for the eti-
ology, diagnosis, and treatment of adrenal disorders: Cushing’s
syndrome, adrenal insufficiency, and congenital adrenal hyper-
plasia. Compr Physiol. 2014;4(2):739-769.

2. Bertagna X, Guignat L, Groussin L, Bertherat J. Cushing’s disease.
Best Pract Res Clin Endocrinol Metab. 2009;23(5):607-623.

3. Newell-Price J, Bertagna X, Grossman AB, Nieman LK. Cushing’s
syndrome. Lancet. 2006;367(9522):1605-1617.

4. Lacroix A. ACTH-independent macronodular adrenal hyperplasia.
Best Pract Res Clin Endocrinol Metab. 2009;23(2):245-259.

QOutcome of Primary Bilateral Macronodular Adrenocortical Hyperplasia

10.

11.

12.

13.

14.

15.

16.

17.

18.

J Clin Endocrinol Metab, July 2019, 104(7):2985-2993

. De Venanzi A, Alencar GA, Bourdeau I, Fragoso MC, Lacroix A.

Primary bilateral macronodular adrenal hyperplasia. Curr Opin
Endocrinol Diabetes Obes. 2014;21(3):177-184.

. Stratakis CA, Kirschner LS. Clinical and genetic analysis of primary

bilateral adrenal diseases (micro- and macronodular disease)
leading to Cushing syndrome. Horm Metab Res. 1998;30(6-7):
456-463.

. Drougat L, Espiard S, Bertherat J. Genetics of primary bilateral

macronodular adrenal hyperplasia: a model for early diagnosis of
Cushing’s syndrome? Eur ] Endocrinol. 2015;173(4):M121-
M131.

. Assié G, Libé R, Espiard S, Rizk-Rabin M, Guimier A, Luscap W,

Barreau O, Lefévre L, Sibony M, Guignat L, Rodriguez S,
Perlemoine K, René-Corail F, Letourneur F, Trabulsi B, Poussier A,
Chabbert-Buffet N, Borson-Chazot F, Groussin L, Bertagna X,
Stratakis CA, Ragazzon B, Bertherat J. ARMCS mutations in
macronodular adrenal hyperplasia with Cushing’s syndrome.
N Engl ] Med. 2013;369(22):2105-2114.

. Albiger NM, Ceccato F, Zilio M, Barbot M, Occhi G, Rizzati S,

Fassina A, Mantero F, Boscaro M, Iacobone M, Scaroni C. An
analysis of different therapeutic options in patients with Cushing’s
syndrome due to bilateral macronodular adrenal hyperplasia: a
single-centre experience. Clin Endocrinol (Oxf). 2015;82(6):
808-815.

Debillon E, Velayoudom-Cephise FL, Salenave S, Caron P,
Chaffanjon P, Wagner T, Massoutier M, Lambert B, Benoit M,
Young J, Tabarin A, Chabre O. Unilateral adrenalectomy as a first-
line treatment of Cushing’s syndrome in patients with primary
bilateral macronodular adrenal hyperplasia. | Clin Endocrinol
Metab. 2015;100(12):4417-4424.

Tacobone M, Albiger N, Scaroni C, Mantero F, Fassina A, Viel G,
Frego M, Favia G. The role of unilateral adrenalectomy in ACTH-
independent macronodular adrenal hyperplasia (AIMAH). World |
Surg. 2008;32(5):882-889.

Lamas C, Alfaro JJ, Lucas T, Lecumberri B, Barcel6 B, Estrada J. Is
unilateral adrenalectomy an alternative treatment for ACTH-
independent macronodular adrenal hyperplasia?: Long-term
follow-up of four cases. Eur | Endocrinol. 2002;146(2):237-240.
XuY,Rui W, QiY, Zhang C, Zhao J, Wang X, Wu Y, Zhu Q, Shen
Z, Ning G, Zhu Y. The role of unilateral adrenalectomy in
corticotropin-independent bilateral adrenocortical hyperplasias.
World | Surg. 2013;37(7):1626-1632.

Berr CM, Stieg MR, Deutschbein T, Quinkler M, Schmidmaier R,
Osswald A, Reisch N, Ritzel K, Dimopoulou C, Fazel ], Hahner S,
Stalla GK, Beuschlein F, Reincke M. Persistence of myopathy in
Cushing’s syndrome: evaluation of the German Cushing’s Registry.
Eur | Endocrinol. 2017;176(6):737-746.

Young WF Jr, du Plessis H, Thompson GB, Grant CS, Farley DR,
Richards ML, Erickson D, Vella A, Stanson AW, Carney JA,
Abboud CF, Carpenter PC. The clinical conundrum of
corticotropin-independent autonomous cortisol secretion in pa-
tients with bilateral adrenal masses. World | Surg. 2008;32(5):
856-862.

Hahner S, Kreissl MC, Fassnacht M, Haenscheid H, Bock S,
Verburg FA, Knoedler P, Lang K, Reiners C, Buck AK, Allolio B,
Schirbel A. Functional characterization of adrenal lesions using
[1231IMTO-SPECT/CT. ] Clin Endocrinol Metab. 2013;98(4):
1508-1518.

Peters M]J, van Nes SI, Vanhoutte EK, Bakkers M, van Doorn PA,
Merkies IS, Faber CG; PeriNomS Study group. Revised normative
values for grip strength with the Jamar dynamometer. | Peripher
Nerv Syst. 2011;16(1):47-50.

Espiard S, Drougat L, Libé R, Assié G, Perlemoine K, Guignat L,
Barrande G, Brucker-Davis F, Doullay F, Lopez S, Sonnet E,
Torremocha F, Pinsard D, Chabbert-Buffet N, Raffin-Sanson ML,
Groussin L, Borson-Chazot F, Coste ], Bertagna X, Stratakis CA,
Beuschlein F, Ragazzon B, Bertherat J. ARMCS mutations in a
large cohort of primary macronodular adrenal hyperplasia: clinical

0202 ABIN 0€ U0 Josn Aseiqi 1oInysul exsuliosed] Aq 69102€S/S862/2/701/A0BISqe-0]o1LE/WSl/W0D dNO oIWSPED.//:SARY WOI) PAPEOJUMOQ


mailto:martin.reincke@med.uni-muenchen.de
mailto:martin.reincke@med.uni-muenchen.de

doi: 10.1210/c.2018-02204

19.

20.

21.

22.

and functional consequences. | Clin Endocrinol Metab. 2015;
100(6):E926-E935.

Bullinger MKI. SF-36. Fragebogen zum Gesundbeitszustand.
Handanweisung. Gottingen: Hogrefe; 1998.

Milian M, Teufel P, Honegger J, Gallwitz B, Schnauder G, Psaras T.
The development of the Tuebingen Cushing’s disease quality of life
inventory (Tuebingen CD-25). Part II: normative data from 1784
healthy people. Clin Endocrinol (Oxf). 2012;76(6):861-867.
Webb SM, Badia X, Barahona M]J, Colao A, Strasburger CJ,
Tabarin A, van Aken MO, Pivonello R, Stalla G, Lamberts SW,
Glusman JE. Evaluation of health-related quality of life in patients
with Cushing’s syndrome with a new questionnaire. Eur | Endo-
crinol. 2008;158(5):623-630.

Li J, Yang CH. Diagnosis and treatment of adrenocorticotrophic
hormone-independent macronodular adrenocortical hyperplasia: a

23.

24,

25.

https://academic.oup.com/jcem 2993

report of 23 cases in a single center. Exp Ther Med. 2015;9(2):
507-512.

Zhang Y, Li H. Classification and surgical treatment for 180 cases
of adrenocortical hyperplastic disease. Int | Clin Exp Med. 2015;
8(10):19311-19317.

Tauchmanova L, Rossi R, Biondi B, Pulcrano M, Nuzzo V,
Palmieri EA, Fazio S, Lombardi G. Patients with subclinical
Cushing’s syndrome due to adrenal adenoma have increased
cardiovascular risk. J Clin Endocrinol Metab. 2002;87(11):
4872-4878.

Ofwald A, Plomer E, Dimopoulou C, Milian M, Blaser R, Ritzel K,
Mickisch A, Knerr F, Stanojevic M, Hallfeldt K, Schopohl J, Kuhn
KA, Stalla G, Beuschlein F, Reincke M. Favorable long-term
outcomes of bilateral adrenalectomy in Cushing’s disease. Eur |
Endocrinol. 2014;171(2):209-215.

0202 ABIN 0€ U0 Josn Aseiqi 1oInysul exsuliosed] Aq 69102€S/S862/2/701/A0BISqe-0]o1LE/WSl/W0D dNO oIWSPED.//:SARY WOI) PAPEOJUMOQ


http://dx.doi.org/10.1210/jc.2018-02204
https://academic.oup.com/jcem

