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Eff ect of a monoclonal antibody to PCSK9, REGN727/
SAR236553, to reduce low-density lipoprotein cholesterol in 
patients with heterozygous familial hypercholesterolaemia 
on stable statin dose with or without ezetimibe therapy: 
a phase 2 randomised controlled trial
Evan A Stein, Dan Gipe, Jean Bergeron, Daniel Gaudet, Robert Weiss, Robert Dufour, Richard Wu, Robert Pordy

Summary
Background Inhibition of proprotein convertase subtilisin/kexin type 9 serine protease (PCSK9) resulted in large 
reductions of low-density lipoprotein cholesterol (LDL-C) in phase 1 trials. We assessed the effi  cacy and safety of 
various doses and dosing intervals of REGN727, a monoclonal antibody to PCSK9, added to statins, to further lower 
LDL-C in patients with heterozygous familial hypercholesterolaemia.

Methods This multicentre, randomised, placebo-controlled phase 2 trial was done at 16 lipid clinics in the USA and 
Canada. Between Jan 18, 2011, and Nov 7, 2011, we enrolled adults with heterozygous familial hypercholesterolaemia 
and LDL-C concentrations of 2·6 mmol/L or higher on stable diet and statin dose, with or without ezetimibe. Patients 
were randomly assigned to receive REGN727 150 mg, 200 mg, or 300 mg every 4 weeks, or 150 mg every 2 weeks, or 
placebo every 2 weeks (ratio 1:1:1:1:1). Randomisation was stratifi ed by concomitant use of ezetimibe at baseline. 
Investigators, study staff , and patients were masked to treatment group. Blinding was maintained by administration 
of placebo alternating with REGN727 for the groups of 4 week dosing. The primary endpoint was mean percent 
reduction in LDL-C from baseline at week 12 and was analysed in the modifi ed intention-to-treat population with an 
analysis of covariance (ANCOVA) model with treatment group. This trial is registered in ClinicalTrials.gov, number 
NCT 01266876.

Findings 77 patients were randomly assigned to study groups (15–16 patients per group) and all were analysed. Least-
squares (LS) mean LDL-C reduction from baseline to week 12 was 28·9% (SE 5·08) for 150 mg every 4 weeks 
(p=0·0113), 31·54% (4·91) for 200 mg every 4 weeks (p=0·0035), 42·53% (5·09) for 300 mg every 4 weeks (p<0·0001), 
and 67·90% (4·85) for 150 mg every 2 weeks (p<0·0001), compared with 10·65% (5·04) with placebo. One serious 
adverse event was reported with placebo and none with REGN727. No increases of more than three times the upper 
limit of normal were reported for hepatic transaminases or creatinine kinase. The most common adverse event was 
injection-site reaction with one patient in the group of 300 mg REGN727 terminating treatment.

Interpretation REGN727 was well tolerated and achieved substantial further LDL-C reduction in patients with 
heterozygous familial hypercholesterolaemia and elevated LDL-C treated with high-dose statins, with or without 
ezetimibe. REGN727 has the potential to provide optimum control of LDL-C in patients with this disorder.

Funding Sanofi  US and Regeneron Pharmaceuticals Incorporated.

Introduction
Heterozygous familial hypercholesterolaemia, a com mon 
genetic disorder in man with a minimum preva lence of 
one in 500 across all populations, is associated with sub-
stantial morbidity and mortality.1 The most common 
defect is loss-of-function mutations in the low-density 
lipoprotein (LDL) receptor alleles, with more than 
1600 mutations having been identifi ed.2 Other more un-
common causes of familial hypercholester olaemia are 
defects in apolipoprotein B (ApoB), the protein that binds 
to the LDL receptor, and gain-of-function mutations in the 
production of proprotein convertase subtilisin/kexin type 
9 serine (PCSK9).3,4 All of these abnormalities result in a 
reduced ability to clear LDL cholesterol (LDL-C) from the 

circulation, increased LDL-C from birth and early cardio-
vascular disease, with typical onset before 50 years of age 
in men and 60 years in women.5

Substantial improvements in the treatment of familial 
hypercholesterolaemia have been achieved over the 
last 25 years with statins, ezetimibe, newer bile acid 
sequestrants, and extended-release niacin formulations. 
However, many patients still do not achieve optimum 
LDL-C concentrations.6,7 Randomised placebo-controlled 
trials to assess clinical outcomes specifi cally in familial 
hypercholesterolaemia have not been done, because of 
the ethical considerations of denying eff ective LDL-C 
lowering drugs to these very-high-risk patients. How -
ever, long-term observational data from registries and 
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specialised lipid centres support that aggressive LDL-C 
reduction in familial hypercholesterolaemia, including 
the homozygous form, is associated with improved, 
although still high, rates of cardiovascular disease.8–10 For 
patients with heterozygous familial hypercholesterol-
aemia unable to achieve specifi ed LDL-C goals on drug 
therapy and who meet stringent criteria,11 LDL-apheresis 
every 2 weeks is an option of last resort. LDL-apheresis is 
an invasive, time-consuming and expensive intervention 
and is not universally available or aff ordable.10 Therefore, 
an unmet medical need for additional, eff ective LDL-C 
lowering therapies remains for many patients with 
heterozygous familial hypercholesterolaemia.

One potential approach is to inhibit PCSK9 in an 
attempt to increase residual LDL receptor activity. Serum 
PCSK9 has an active role in controlling the expression of 
LDL receptors, through reducing their recycling by 
binding to the receptor along with LDL and targeting 
it for lysosomal destruction.12 REGN727/SAR236553 
(REGN727), a fully human monoclonal antibody targeted 
to PCSK9, inhibits binding to the LDL receptor.13 A phase 
1 proof of concept trial14 with subcutaneous REGN727 
(50 mg, 100 gm, and 150 mg doses) included a few young 
patients with familial hypercholesterolaemia, without 
cardiovascular disease, on atorvastatin monotherapy 
(10–40 mg) and indicated the potential for signifi cant 
reductions in LDL-C in familial hypercholesterolaemia.

The goal of this study was to assess the LDL-C effi  cacy 
and safety of REGN727 in a larger, more geographically 
diverse, severely aff ected, and aggressively treated 
group of patients with familial hypercholesterolaemia, 
including those with coronary artery disease, and 
to assess multiple and higher doses combined with 
diff erent dosing regimens of REGN727.

Methods
Study design and patients
This randomised, double-blind, placebo-controlled trial 
was done at 16 lipid clinics in the USA and Canada. 
Patients were enrolled between Jan 18, 2011, and Nov 7, 
2011. Patients eligible for the study included men and 
women with a diagnosis of familial hypercholesterol-
aemia (≥8 points on the WHO Criteria15) and a con-
centrations of LDL-C of 2·6 mmol/L or higher at the 
end of the screening period (week –1). Patients not on a 
stable statin dose (with or without ezetimibe) for 
6 weeks or more, or receiving other lipid-lowering 
treatment, entered a 6-week washout or statin stabil-
isation run-in period followed by the 1-week screening 
period. Patients with homozygous familial hyper-
cholesterolaemia were excluded from the study. Other 
exclusion criteria included type 1 diabetes, type 2 
diabetes treated with insulin or poorly controlled 
(glycated haemoglobin ≥8·5%), hypothyroidism or 
hyper thyroidism (patients on stable thyroid replacement 
and who were metabolically euthyroid were allowed), 
triglycerides of more than 3·95 mmol/L, history of a 

recent (<6 months) cardiovascular or cerebrovascular 
event or intervention. Both women of childbearing 
poten tial and men were required to use suitable contra-
ception throughout the study.

All patients received a stable daily statin with or with-
out ezetimibe for at least 6 weeks before randomisation 
and continued this regimen throughout the study 
(fi gure 1). The trial was done in accordance with the 
Declaration of Helsinki, the latest available Committee 
for Proprietary Medicinal Products guidelines, and the 
ethics principles of good clinical practice. Appropriate 
review boards approved the trial. Written informed 
consent was obtained from all patients before doing any 
study-related activities.

Randomisation and masking
Eligible patients were randomly assigned in a 1:1:1:1:1 
ratio to receive one of fi ve treatments: REGN727 every 
4 weeks at doses of 150 mg, 200 mg, and 300 mg; 150 mg 
of REGN727 every 2 weeks, or placebo every 2 weeks. The 
randomisation was stratifi ed by concomitant use of 
ezetimibe (yes or no) at baseline. A central interactive 
voice response system (IVRS) was used to randomly 
assign patients to each treatment group. Randomisation 
blocks of fi ve patients were used to insure even 
distribution and two pre-allocated randomisation lists for 
the two strata were used. The clinic called into central 
IVRS and was provided the randomisation number for 
the patient. The study staff  thus had no knowledge of 
next assignment to treatment sequence. The allocation 
sequence was provided by central computerised system 
via IVRS only at the time study staff  called into the IVRS.  

To maintain masking of investigators, study staff , and 
patients, all patients received equal volume of sub-
cutaneous injections in the abdominal area every 
2 weeks. Thus patients randomly assigned to receive 
REGN727 every 4 weeks still received subcutaneous 
injections every 2 weeks alternating active treatment with 
placebo. Patients were monitored for at least 30 min after 
every injection. All lipid and lipid related results after 
week –1 were masked.

Procedures
The primary objective was to assess the LDL-C lowering 
effi  cacy of varying subcutaneous doses and dosing inter-
vals of REGN727 in patients with familial hyperchol-
esterolaemia. Secondary objectives included the eff ect of 
REGN727 on other lipids (triglycerides, total cholesterol, 
high-density lipoprotein [HDL] and non-HDL choles-
terols), and apolipoproteins (ApoB and A1, and Lp[a]).

Blood samples were obtained in the morning 
under fasting conditions (≥10–12 h water only). Alcohol 
consumption within 48 h and intense physical exercise 
within 24 h preceding the blood sampling were dis-
couraged. LDL-C concentrations were calculated with 
the Friedewald formula and non-HDL-C was calcu-
lated by subtracting HDL-C concentrations from total 



Articles

www.thelancet.com   Vol 380   July 7, 2012 31

chol esterol concentrations. All lipid variables were 
measured by the CDC Part Lipid Standardized central 
laboratory (Medpace Reference Laboratories, Cincinnati, 
OH, USA) as previously described.14

Safety was assessed by clinical examination, including 
supine systolic/diastolic blood pressure and adverse 
event reporting at every visit. Electrocardiographs were 
done at weeks 0, 6, and 12. Laboratory tests, including 
alanine aminotransferase, aspartate aminotransferase, 
high-sensitivity C-reactive protein, and creatine phos-
phokinase were also done at the central laboratory.

Statistical analysis
The primary effi  cacy endpoint was the mean percent 
change in calculated LDL-C from baseline (mean week –1 

and week 0 values) to week 12. Secondary effi  cacy 
endpoints included the absolute change in calculated 
LDL-C from baseline to week 12; the proportions of 
patients achieving an LDL-C concentration lower than 
2·6 mmol/L and lower than 1·8 mmol/L at week 12; 
the percent change in triglycerides, total cholesterol, 
HDL-cholesterol (HDL-C), non-HDL-C, ApoB, ApoA1 
and Lp(a) from baseline to week 12; and the absolute 
change in triglycerides, total cholesterol, HDL-C, and 
non-HDL-C from baseline to week 12.

Sample size and power calculations were based on the 
ability to detect a treatment diff erence in LDL-C of 40% 
from baseline to week 12 with a standard deviation 
range of 20–30% from the completed phase 1 studies.14 
We determined that 15 patients in each dose group 

118 patients screened/run-in 

41 screening failures 
37 did not meet inclusion criteria* 
17 met exclusion criteria* 

77 randomised

15 allocated to placebo 
every 2 weeks

15 allocated to REGN727/
SAR236553 150 mg 
every 4 weeks

16 allocated to REGN727/
SAR236553 200 mg 
every 4 weeks

15 allocated to REGN727/
SAR236553 300 mg 
every 4 weeks 

16 allocated to REGN727/
SAR236553 150 mg 
every 2 weeks

16 received study drug15 received study drug16 received study drug15 received study drug15 received study drug

15 analysed 15 analysed 16 analysed 15 analysed 16 analysed

1 discontinued study 
drug because of
adverse event

Figure 2: Trial profi le
*A patient could have more than one inclusion criterion not met or exclusion criterion met.

300 mg SC every 4 weeks (n=15)

200 mg SC every 4 weeks (n=16)

150 mg SC every 4 weeks (n=15)
8-week 
follow-up

7-day screening 
period (week –1)

150 mg SC every 2 weeks (n=16)

Placebo SC every 2 weeks (n=15)

42-day run-in period (patients not on stable 
dose of statin with or without ezetimibe 
before initial screening)

00–1 2 4 6 8 10 12 12 20
Weeks

End of treatment
(week 12)

End of study
(week 20) 

Figure 1: Study design
SC=subcutaneously. Visits during treatment occurred every 2 weeks.
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would result in at least 90% power, assuming the 
standard deviation of 30%, and using a two-sided t test 
at the 0·05 signifi cance level. We used the software 
nQuery 7.0 to derive sample size and power. The 
randomised population included any patient allocated 
to a study treatment regardless of actual study treatment 
admin istration. The modifi ed intention-to-treat (mITT) 
popu lation included all randomised patients who 
received any investigational product and satisfi ed the 
following conditions: (1) at least one calculated LDL-C 
value from visit 1 (week –1 to day –1) and up to before 
fi rst investigational product (REGN727 or placebo) 
injection; (2) at least one calculated LDL-C value during 
the effi  cacy period (day of fi rst to last injection +21 days), 
and within the 105 day time window. For missing 
calculated LDL-C values at week 12, we used the last 
observation carried forward method (LOCF)—ie, the 
last calculated LDL-C value measured during the effi  cacy 
period and before the week –12 time window. The mITT 
population was the primary analysis set for effi  cacy 
endpoint analyses. We did effi  cacy analyses on the study 
treatment allocated at randomisation. Finally, the safety 
population included all randomised patients who 

received any investigational product. The study statis-
tician (RW) was masked to treatment group during the 
study, becoming unmasked only after study completion 
and database lock. All analyses were done with SAS 
version 9.2.

For analysis of the primary effi  cacy variable, we analysed 
the percent change from baseline in calculated LDL-C at 
week 12 or LOCF in the mITT population using an 
analysis of covariance (ANCOVA) model with treatment 
group and randomisation strata of ezemitimibe use as 
fi xed eff ects, and the corresponding baseline value as 
covariate. Throughout the ANCOVA model, we compared 
every group of REGN727 with placebo using appropriate 
contrasts and the 95% CIs of the diff erence versus 
placebo. To address the multiple comparisons of the four 
treatment groups compared with placebo for the primary 
effi  cacy endpoint analysis, we applied a hierarchical 
testing procedure to ensure strong control of the overall 
type-1 error rate at the two-sided 0·05 signifi cance level. 
The order used was REGN727 150 mg every 2 weeks 
versus placebo fi rst; REGN727 300 mg every 4 weeks 
versus placebo second; REGN727 200 mg every 4 weeks 
versus placebo third; and fi nally, REGN727 150 mg every 

Placebo 
(n=15)

150 mg every 
4 weeks (n=15)

200 mg every 
4 weeks (n=16)

300 mg every 
4 weeks (n=15)

150 mg every 
2 weeks (n=16)

All patients 
(n=77)

Age (years) 51·9 (9·6) 51·3 (7·7) 52·9 (11·2) 54·3 (9·6) 56·3 (10·2) 53·4 (9·7)

Sex

Male 9 (60%) 9 (60%) 9 (56%) 7 (47%) 13 (81%) 47 (61%)

Female 6 (40%) 6 (40%) 7 (44%) 8 (53%) 3 (19%) 30 (39%)

BMI (kg/m²) 29·4 (4·9) 28·3 (3·6) 28·8 (3·5) 28·3 (4·4) 30·7 (5·1) 29·1 (4·3)

White 14 (93%) 14 (93%) 15 (94%) 15 (100%) 15 (94%) 73 (95%)

History of coronary artery disease 7 (47%) 8 (53%) 6 (38%) 7 (47%) 4 (25%) 32 (42%)

Diabetes mellitus 0 1 (7%) 2 (12%) 0 0 3 (4%)

On statin at any dose 15 (100%) 15 (100%) 16 (100%) 15 (100%) 16 (100%) 77 (100%)

Maximum statin dose* 13 (87%) 11 (73%) 12 (75%) 12 (80%) 11 (69%) 59 (77%)

Ezetimibe use 11 (73%) 11 (73%) 11 (69%) 11 (73%) 11 (69%) 55 (71%)

Data are mean (SD) or number of patients (%). BMI=body mass index. *simvastatin 80 mg; atorvastatin 40 mg or 80 mg; rosuvastatin 20 mg or 40 mg.

Table 1: Baseline demographics by treatment group (randomised population)

Placebo (n=15) 150 mg every 
4 weeks (n=15)

200 mg every 
4 weeks (n=16)

300 mg every 
4 weeks (n=15)

150 mg every 
2 weeks (n=16)

LDL-C (mmol/L) at baseline (mean, SD) 3·906 (0·879) 4·317 (1·298) 4·399 (1·475) 3·616 (0·639) 3·812 (0·844)

LDL-C (mmol/L) at week 12 (mean, SD) 3·519 (0.874) 3·118 (1·240) 2·912 (0·807) 2·141 (0·912) 1·301 (0·719)

LS mean decrease in LDL-C from baseline to 
week 12 ( mmol/L, SE); p value

0·494 (0·204) 1·093 (0·206);
p=0·0382

1·329 (0·199);
p=0·0040

1·732 (0·207);
p<0·0001

2·656 (0·197);
p<0·0001

LS mean percent change in LDL-C from 
baseline to week 12 (mg/dL, SE); p value

–10·65% (5·04) –28·87% (5·08);
p=0·0113

–31·54% (4·91);
p=0·0035

–42·53% (5·09);
p<0·0001

–67·90% (4·85);
p<0·0001

Number of patients with LDL-C <2·6 mmol/L 
at week 12 (%); p value

2 (13%) 4 (27%);
p=0·6437

3 (19%);
p=1·000

10 (67%);
p=0·0064

15 (94%);
p<0·0001

Number of patients with LDL-C <1·8 mmol/L at 
week 12 (%); p value

0 (0) 2 (13%);
p=0·4747

2 (12%);
p=0·5274

7 (47%);
p=0·0067

13 (81%);
p<0·0001

LDL-C=low-density-lipoprotein cholesterol. mITT=modifi ed intention to treat. 

Table 2: LDL-C at baseline and during treatment (week 12) and follow-up, by treatment group (mITT population)
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4 weeks versus placebo. The hierarchical testing sequence 
continued only when the higher-order test was statistically 
signifi cant at the two-sided 5% signifi cant level. We did 
no further adjustment was done for secondary analyses 
or endpoints, for which p values were provided for 
screening purposes only.

We analysed continuous secondary effi  cacy variables in 
the mITT population using the same ANCOVA model as 
for the primary endpoint. For parameters known to be 
distributed non-normally, such as Lp(a) and triglycerides, 
we used the rank based ANCOVA to provide p values for 
comparison of each treatment group with placebo. For 
these variables, we provided the fi rst and third quartiles 
in the descriptive statistics. We excluded non-fasting 
triglycerides values from the analysis. We analysed 
binary secondary effi  cacy variables in the mITT popu-
lation using the logistic regression with the exact score 
test including the treatment group factor, baseline LDL-C 
value as eff ects and randomisation strata of ezetimibe 
use at baseline. For each dose, we derived the exact odds 
ratio versus placebo and CI estimates.

We did the review of safety and tolerability data on the 
safety population. Statistical testing of safety data was not 
planned because of the small size of the study and wide 
range of adverse events expected. This trial is registered 
at ClinicalTrials.gov, number NCT 01266876.

Role of the funding source
The trial was designed by the sponsors and the fi rst 
author; data collection and analysis were done by the 
sponsors and reviewed by the authors. The corresponding 
author had full access to all the data in the study and 
together with the sponsors had fi nal responsibility for 
the decision to submit for publication.

Results
Of 118 patients screened, 77 (65%) were randomly assigned 
to study groups (15–16 patients per group), and all 
completed the study. One patient in the group of 300 mg 
every 4 weeks discontinued treatment after the fi rst dose 
because of an adverse reaction (fi gure 2). Two patients in 
the group of 150 mg every 4 weeks did not receive the fi nal 
dose, which was placebo, at week 10. Baseline demo-
graphics (table 1) had similar distribution and disease 
characteristics between treatment groups. Despite average 
age of 53·4 years, and 30 (39%) of the 77 participants being 
women, 32 (42%) had a history of coronary artery disease 
(table 1). Baseline LDL-C for all study participants was 
about 4 mmol/L despite all patients being treated with 
statin, most of them taking a highly effi  cacious dose 
(table 1), and about 70% of patients also taking ezetimibe.

Administration of REGN727 resulted in a least-squares 
(LS) mean reduction of 28·9–67·9% in LDL-C concen-
tration from baseline to week 12, compared with a 
10·65% reduction with placebo (table 2 and fi gure 3). 
According to the hierarchical analysis, the percentage 
changes of LDL-C at week 12 for all REGN727 doses 

were all statistically signifi cant compared with placebo 
(table 2). The reductions in LDL-C were rapid, reaching a 
maximum at 2 weeks (fi gure 3A) for every dose other 
than for the 150 mg every 2 weeks, which continued to 
decrease further with subsequent dosing and stabilised 
after the third dose. Whereas dosing every 4 weeks 
achieved similar reductions to the 150 mg every 2 weeks 
dose at 2 weeks, the LDL-C reduction was not fully 
maintained over the full 4 week-period (fi gure 3A).

The large reductions in LDL-C are portrayed by 
the number of patients achieving the prespecifi ed goals of 
<2·6 mmol/L and <1·8 mmol/L (table 2). These numbers 
were highest in the group of 150 mg every 2 weeks, for 
which the mean reduction from baseline was the highest 
(table 2). Signifi cant changes in total cholesterol, non-
HDL-C, and ApoB were also noted (table 3). Reductions in 
ApoB were consistent with those recorded with LDL-C: an 
LS mean reduction at week 12 ranging from 20·91% to 
50·19% compared with a reduction of 6·39% with placebo 
(table 3, fi gure 3B). No measurements were made at weeks 
2, 6, or 10. HDL-C showed consistent increases in LS 
means from baseline to week 12; although only the 
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increase in the group of 150 mg every 2 weeks dose was 
signifi cant (table 3). More robust increases were noted 
with REGN 727 in the major apolipoprotein associated 
with HDL-C, ApoA1, compared with a decrease with 
placebo; again, changes with the 150 mg every 2 weeks 
dose were signifi cant (table 3). Median percent change 
from baseline to week 12 in Lp(a) showed a trend toward 
reduction compared with placebo (table 3). Triglycerides 
showed variable, non-signifi cant changes during the study.

One patient in the 300 mg every 4 weeks group 
terminated the study after one dose because of an 
adverse event; injection site reaction, and generalised 
pruritis, which was identifi ed as being related to the 
study drug. The patient continued to be monitored in 
the trial. Table 4 shows treatment-emergent adverse 
events. One serious adverse event, gastrointestinal 

disorder, was reported during the study, in the placebo 
group. Whereas total treatment-emergent adverse events 
were slightly higher and variable in all REGN727 groups 
than in placebo, no increases occurred in any specifi c 
organ systems (appendix). Table 5 shows safety-related 
key laboratory variables for every study group. No 
diff erences were noted during the study between 
treatment groups; specifi cally, no increases of more than 
three times the upper limit of normal in hepatic 
transaminases, or creatinine kinase.

Discussion
This study expands on the results in the phase 1 proof-of-
concept trial14 in a small group of younger patients with 
heterozygous familial hypercholesterolaemia from a 
single centre, without cardiovascular disease, treated with 

See Online for appendix

Placebo (n=15) 150 mg every 4 weeks 
(n=15)

200 mg every 4 weeks 
(n=16)

300 mg every 4 weeks 
(n=15)

150 mg every 2 weeks 
(n=16)

Total cholesterol (mmol/L)

Baseline 6·054 (1·047) 6·301 (1·541) 6·354 (1·459) 5·646 (0·764) 5·768 (1·094)

Week 12 5·517 (0·993) 5·123 (1·508) 4·897 (0·921) 4·239 (0·903) 3·310 (1·047)

LS mean change from baseline to 
week 12 (%, SE); p value

–8·48% (3·82) –18·10% (3·85);
p=0·0721

–19·74% (3·71);
p=0·0335

–25·68% (3·83);
p=0·0018

–43·55% (3·67);
p<0·0001

HDL-C (mmol/L)

Baseline, mean (SD) 1·380 (0·299) 1·399 (0·420) 1·281 (0·262) 1·500 (0·470) 1·180 (0·288)

Week 12, mean (SD) 1·373 (0·280) 1·490 (0·506) 1·353 (0·342) 1·599 (0·492) 1·324 (0·364)

LS mean change from baseline to 
week 12 (%, SE); p value

2·20% (3·69) 7·85% (3·70);
p=0·2676

6·49% (3·53);
p=0·3944

9·97% (3·79);
p=0·1315

12·34% (3·58);
p=0·0496

Non-HDL-C (mmol/L)

Baseline, mean (SD) 4·673 (0·957) 4·902 (1·282) 5·072 (1·519) 4·146 (0·769) 4·588 (1·060)

Week 12, mean (SD) 4·144 (0·861) 3·633 (1·279) 3·543 (0·910) 2·640 (1·072) 1·986 (0·877)

LS mean change from baseline to 
week 12 (%, SE); p value

–11·34% (4·73) –26·84% (4·76);
p=0·0205

–27·44% (4·62);
p=0·0152

–38·97% (4·82);
p=0·0001

–57·90% (4·55);
p<0·0001

Apolipoprotein B (g/L) 

Baseline, mean (SD) 1·271 (0·304) 1·263 (0·268) 1·328 (0·359) 1·171 (0·234) 1·291 (0·268)

Week 12, mean (SD) 1·189 (0·289) 1·034 (0·358) 1·030 (0·222) 0·870 (0·336) 0·649 (0·199)

LS mean change from baseline to 
week 12 (%, SE); p value

–6·39% (4·19) –20·91% (4·19);
p=0·0142

–20·91% (4·03);
p=0·0130

–28·42% (4·25);
p=0·0003

–50·19% (4·02);
p<0·0001

Apolipoprotein A1 (g/L)

Baseline, mean (SD) 1·572 (0·246) 1·533 (0·310) 1·471 (0·229) 1·589 (0·295) 1·416 (0·231)

Week 12, mean (SD) 1·471 (0·207) 1·567 (0·351) 1·504 (0·324) 1·661 (0·310) 1·536 (0·238)

LS mean change from baseline to 
week 12 (%, SE); p value

–5·32% (3·08) 2·43% (3·05);
p=0·0687

1·69% (2·92);
p=0·0968

5·64% (3·10);
p=0·0108

8·82% (2·94);
p=0·0013

Triglycerides (mmol/L)

Baseline, median (quartiles) 1·384 (0·870 to 2·469) 1·164 (1·096 to 1·537) 1·316 (1·136 to 1·754) 1·057 (0·802 to 1·243) 1·497 (1·119 to 1·867)

Week 12, median (quartiles) 1·198 (0·848 to 1·774) 1·006 (0·825 to 1·311) 1·158 (0·921 to 1·706) 0·961 (0·701 to 1·672) 1·311 (0·966 to 2·096)

Median change from baseline to 
week 12 (%, quartiles); p value*

–10·55% (–28·5 to 9·5) –16·73% (–30·1 to 21·1);
p=0·6868

–13·16% (–30·9 to 7·4);
p=0·6553

–4·92% (–17·0 to 10·3);
p=0·6117

–16·23% (–30·7 to 25·1);
p=0·4096

Lipoprotein a, g/L

Baseline, median (quartiles) 0·290 (0·050 to 1·280) 0·320 (0·040 to 0·960) 0·285 (0·055 to 0·870) 0·450 (0·350 to 1·320) 0·565 (0·290 to 1·165)

Baseline, median (quartiles) 0·310 (0·050 to 1·230) 0·220 (0·030 to 0·840) 0·245 (0·035 to 0·945) 0·600 (0·180 to 1·220) 0·385 (0·210 to 0·940)

Median change from baseline to 
week 12 (%, quartiles); p value*

–3·91% (–18·4 to 0·0) –10·09% (–22·2 to 3·8);
p=0·6809

–7·45% (–22·5 to 0·0);
p=0·8530

–15·28% (–25·2 to 10·6);
p=0·4865

–23·38% (–44·6 to –6·6);
p=0·2559

HDL-C= low-density-lipoprotein cholesterol. mITT=modifi ed intention to treat. *p value derived from ranked-based ANCOVA.

Table 3: Other lipids, lipoproteins, and apolipoproteins at baseline and during treatment (week 12) and follow-up, by treatment group (mITT population)



Articles

www.thelancet.com   Vol 380   July 7, 2012 35

only low-to-moderate doses of atorvastatin. In this trial, 
the number of patients with heterozygous familial 
hypercholesterolaemia was almost four times larger than 
in the phase 1 study. They came from 16 centres across 
North America, indicating greater diversity in LDL 
receptor defects. Nearly 40% were women and patients 
were older and more severe than in the phase 1 study (as 
shown by more than 40% of patients with coronary artery 
disease and entry LDL-C of more than 4 mmol/L despite 
far more intensive lipid lowering therapy, more effi  cacious 
and higher statin doses plus >70% treated with ezetimibe). 
This trial also assessed much higher doses of REGN727 
(200 mg and 300 mg) than the phase 1 study (which used 
a maximum dose of 150 mg). The total amount of 
REGN727 given during the trial, even in the group of 
150 mg every 2 weeks, was signifi cantly greater than in 
the phase 1 study, as was the duration of treatment. Thus, 
the present study provides a robust assessment of the 
potential for REGN727 use in the familial hyper-
cholesterolaemia population likely to be exposed to this 
therapy in more routine practice.

This study clearly establishes REGN727 as an eff ective 
potential therapeutic option for this severe, yet common, 
disorder. Despite the excellent reductions in LDL-C 
achievable with high-dose statins, such as atorvastatin 
80 mg and rosuvastatin 40 mg, in combination with 
ezetimibe,6,7 a large number of patients with hetero zygous 
familial hypercholesterolaemia still do not achieve 
optimum LDL-C concentrations. The need for further 
LDL-C reduction in this disorder is also shown by the high 
prevalence of coronary artery disease in our study 
population—in which more than 40% of patients, both 
men and women, already had coronary artery disease 
despite their young age. High doses of REGN727, 200 mg 
and 300 mg, did not achieve more LDL-C reductions than 
did the dose of 150 mg and, when given at longer intervals, 
such as every 4 weeks, the effi  cacy was decreased between 
weeks 2 and 4 compared with 150 mg every 2 weeks. 

The ability of REGN727 at 150 mg every 2 weeks to 
achieve a mean LDL-C of about 1·3 mmol/L, a further 
decrease greater than 2·6 mmol/L from that of high-dose 
statin plus ezetimibe treatment, and to result in more than 
80% of patients treated to achieve an LDL-C concentration 
lower than 1·8 mmol/L, provide a potential new paradigm 
for patients with familial hyper cholesterolaemia. LDL-
apheresis is the only additive treat ment in similarly treated 
patients with the heterozygous disorder to achieve such 
LDL-C reductions, but only immediately after the 
procedure, and within 2 weeks, LDL-C concentrations 
return to within about 30% of pretreatment values.16 Other 
drugs in development targeted at patients with familial 
hyper cholesterolaemia resistant to, or inadequately treated 
by, current therapy, include the ApoB antisense therapy, 
mipomersen,17 and lomitapide, a microsomal triglyceride 
transfer protein (MTP) inhibitor.18 But none of these drugs 
achieve LDL-C reductions of more than 25–35% when 
added to statins. The changes noted in this trial in ApoB 

and its related lipoprotein lipids such as non-HDL-C were 
consistent with previous trials in statin-treated patients 
with non-familial hypercholes terolaemia.19 Although the 
reductions in Lp(a) were not as robust as reported in earlier 
trials,14,19 Lp(a) still seems to be favourably aff ected by 

Placebo 
(n=15)

150 mg 
every 
4 weeks 
(n=15)

200 mg 
every 
4 weeks 
(n=16)

300 mg 
every 
4 weeks 
(n=15)

150 mg 
every 
2 weeks 
(n=16)

Patients with at least one 
treatment-emergent adverse event

9 (60%) 12 (80%) 13 (81%) 13 (87%) 12 (75%)

Infections and infestations 2 (13%) 4 (27%) 4 (25%) 6 (40%) 1 (6%)

Nervous system disorders 0 3 (20%) 2 (12%) 1 (7%) 3 (19%)

Vascular disorders 2 (13%) 0 1 (6%) 0 1 (6%)

Respiratory disorders 1 (7%) 3 (20%) 2 (12%) 1 (7%) 2 (12%)

Gastrointestinal disorders 1 (7%) 7 (47%) 6 (38%) 2 (13%) 5 (31%)

Skin disorders 0 1 (7%) 1 (6%) 3 (20%) 0

Musculoskeletal disorders 2 (13%) 2 (13%) 2 (12%) 2 (13%) 2 (12%)

Renal disorders 0 3 (20%) 1 (6%) 0 0

Injection site reactions 2 (13%) 4 (27%) 7 (44%) 7 (47%) 7 (44%)

All treatment-emergent adverse events 9 (60%) 12 (80%) 13 (81%) 13 (87%) 12 (75%)

Data are number of patients (%).

Table 4: Treatment-emergent adverse events in every treatment group during the 12-week treatment 
period (safety population)

Placebo (n=15) 150 mg every 
4 weeks 
(n=15)

200 mg every 
4 weeks 
(n=16)

300 mg every 
4 weeks 
(n=15)

150 mg every 
2 weeks 
(n=16)

Creatinine (μmol/L)

Baseline 64·8 (12·8) 75·3 (10·8) 70·4 (14·7) 71·8 (17·6) 84·6 (21·2)

Week 12 64·8 (12·7) 73·8 (10·4) 70·2 (13·7) 72·0 (16·5) 80·2 (20·2)

Glucose (mmol/L)

Baseline 5·48 (0·59) 5·47 (0·47) 5·70 (1·01) 5·28 (0·38) 5·78 (0·84)

Week 12 5·48 (0·43) 5·31 (0·51) 5·46 (1·05) 5·32 (0·65) 5·65 (0·65)

Alanine aminotransferase (IU/L)

Baseline 38·7 (21·4) 31·6 (17·9) 31·8 (12·1) 31·9 (14·7) 36·3 (17·2)

Week 12 37·6 (21·3) 30·2 (11·0) 32·5 (12·6) 31·8 (14·9) 37·6 (18·8)

>3×ULN (n) 0 0 0 0 0

Aminotransferase (IU/L)

Baseline 32·0 (15·0) 30·4 (21·8) 26·1 (6·9) 29·2 (10·1) 28·5 (8·1)

Week 12 32·9 (15·1) 28·1 (7·3) 27·6 (6·9) 29·1 (8·9) 31·3 (9·1)

>3×ULN (n) 0 0 0 0 0

Creatinine kinase (IU/L)

Baseline 153·5 (54·9) 322·9 (639) 140·1 (61·7) 108·1 (56·2) 154·9 (131)

Week 12 160·9 (62·5) 185·3 (87·6) 121·0 (42·7) 110·1 (58·8) 132·4 (72·1)

>3×ULN (n) 0 0 0 0 0

hsCRP* (median [Q1–Q3])

Baseline 0·9 (0·4–1·6) 0·6 (0·3–1·4) 0·7 (0·5–2·5) 0·7 (0·5–1·3) 1·4 (0·6–3·0)

Week 12 0·7(0·4–1·2) 0·4 (0·3–1·4) 0·7 (0·5–1·3) 0·6 (0·4–1·7) 1·0 (0·7–3·7)

Data are mean (SD) unless otherwise stated. ULN=upper limit of normal. Q1=fi rst quartile 1. Q3=third quartile. 
mITT=modifi ed intention to treat.

Table 5: Baseline and study related changes in key safety laboratory parameters, by treatment group 
(mITT population)
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REGN727, especially with the dosing of 150 mg every 
2 weeks. The eff ects on HDL-C and its major apolipoprotein 
ApoA1 are also consistent with previous trials, despite the 
small number of patients per treatment group.

REGN727 was well tolerated with no serious adverse 
events noted and no laboratory abnor malities recorded 
when REGN727 was added to high-dose statin treatment, 
with or without ezetimibe. The patient in the group of 
300 mg dose who terminated after one dose because of 
injection-site reaction and pruritus did not require any 
treatment for the symptoms and had no residual eff ects. 
In a previous trial,19 in patients with non-familial hyper-
cholesterolaemia treated with low dose atorvastatin, a 
patient on REGN727 at 300 mg had a serious adverse 
event of leukocytoclastic vasculitis. Whether these adverse 
events are related to only the larger dose of REGN727 
remains to be seen, as no similar adverse event has been 
reported with the lower doses of REGN727 in this study, 
or the other recently reported studies with REGN727.14,19 

The limitations in this trial are that in terms of stability 
of LDL-C reduction with 4 week dosing, higher doses 
than 300 mg were not tested. In terms of safety, the study 
was still small in size and of short duration for a drug 
that will potentially be used in millions of patients for 
decades if not life long. Although REGN727 was added to 
the two most commonly used lipid lowering drugs in 
heterozygous familial hypercholesterolaemia, its safety 
and LDL-C-lowering activity with other drugs, such as 
bile acids sequestrants and niacin, have not been tested. 
Longer and larger trials are needed to confi rm the initial 
good tolerability and safety recorded in this trial.

In summary, subcutaneous administration of 
REGN727 at doses from 150 mg to 300 mg to patients 
with severe heterozygous familial hypercholesterol-
aemia, including those with coronary artery disease and 
LDL-C of more than 2·6 mmol/L at baseline on high 
dose statin with or without ezetimibe, was generally safe 
and well tolerated and achieved signifi cant and sub-
stantial reductions in LDL-C.
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