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Summary
Background Heterozygous familial hypercholesterolaemia is characterised by low cellular uptake of LDL cholesterol, 
increased plasma LDL cholesterol concentrations, and premature cardiovascular disease. Despite intensive statin 
therapy, with or without ezetimibe, many patients are unable to achieve recommended target levels of LDL cholesterol. 
We investigated the eff ect of PCSK9 inhibition with evolocumab (AMG 145) on LDL cholesterol in patients with this 
disorder.

Methods This multicentre, randomised, double-blind, placebo-controlled trial was undertaken at 39 sites (most of 
which were specialised lipid clinics, mainly attached to academic institutions) in Australia, Asia, Europe, New 
Zealand, North America, and South Africa between Feb 7 and Dec 19, 2013. 331 eligible patients (18–80 years of age), 
who met clinical criteria for heterozygous familial hypercholesterolaemia and were on stable lipid-lowering therapy 
for at least 4 weeks, with a fasting LDL cholesterol concentration of 2·6 mmol/L or higher, were randomly allocated 
in a 2:2:1:1 ratio to receive subcutaneous evolocumab 140 mg every 2 weeks, evolocumab 420 mg monthly, or 
subcutaneous placebo every 2 weeks or monthly for 12 weeks. Randomisation was computer generated by the study 
sponsor, implemented by a computerised voice interactive system, and stratifi ed by LDL cholesterol concentration at 
screening (higher or lower than 4·1 mmol/L) and by baseline ezetimibe use (yes/no). Patients, study personnel, 
investigators, and Amgen study staff  were masked to treatment assignments within dosing frequency groups. The 
coprimary endpoints were percentage change from baseline in LDL cholesterol at week 12 and at the mean of weeks 10 
and 12, analysed by intention-to-treat. This trial is registered with ClinicalTrials.gov, number NCT01763918.

Findings Of 415 screened patients, 331 were eligible and were randomly assigned to the four treatment groups: 
evolocumab 140 mg every 2 weeks (n=111), evolocumab 420 mg monthly (n=110), placebo every 2 weeks (n=55), or 
placebo monthly (n=55). 329 patients received at least one dose of study drug. Compared with placebo, evolocumab at 
both dosing schedules led to a signifi cant reduction in mean LDL cholesterol at week 12 (every-2-weeks dose: 59·2% 
reduction [95% CI 53·4–65·1], monthly dose: 61·3% reduction [53·6–69·0]; both p<0·0001) and at the mean of 
weeks 10 and 12 (60·2% reduction [95% CI 54·5–65·8] and 65·6% reduction [59·8–71·3]; both p<0·0001). Evolocumab 
was well tolerated, with rates of adverse events similar to placebo. The most common adverse events occurring more 
frequently in the evolocumab-treated patients than in the placebo groups were nasopharyngitis (in 19 patients [9%] vs 
fi ve [5%] in the placebo group) and muscle-related adverse events (ten patients [5%] vs 1 [1%]). 

Interpretation In patients with heterozygous familial hypercholesterolaemia, evolocumab administered either 140 mg 
every 2 weeks or 420 mg monthly was well tolerated and yielded similar and rapid 60% reductions in LDL cholesterol 
compared with placebo.

Funding Amgen Inc.

Introduction
Heterozygous familial hypercholesterolaemia is the 
most common dominantly inherited disorder in human 
beings worldwide,1 and recent extensive screening in 
several countries suggests that it aff ects between one in 
250 and one in 300 people worldwide.2,3 Thus, more 
than 3 million people probably have the disorder in the 
USA and Europe alone. Familial hypercholesterolaemia 
is caused by mutations in genes encoding key proteins 

involved in LDL cholesterol metabolism, which leads to 
reduced cellular uptake of LDL cholesterol, increased 
plasma LDL cholesterol concentrations, and premature 
development of cardiovascular disease.2 More than 90% 
of aff ected patients have mutations in the LDL receptor 
gene, and more than 1700 such mutations have been 
described.4 On fi broblast culture, most of these 
mutations are shown to be associated with residual 
receptor function (receptor defective) or absence of 
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function (receptor negative).5,6 LDL receptor-negative 
alleles tend to be associated with higher LDL cholesterol 
concentrations and earlier onset of coronary artery 
disease than receptor-defective alleles.7 Mutations in the 
apolipoprotein B gene account for a further 5% of 
familial hypercholesterolaemia cases,8 and proprotein 
convertase subtilisin/kexin type 9 (PCSK9) gain-of-
function mutations are present in less than 1% of cases.9 
However, in most studies, despite next-generation 
sequencing, no mutation can be identifi ed in up to 20% 
of patients with a clinical diagnosis of defi nite hetero-
zygous familial hypercholesterolaemia.10

Statin therapy has signifi cantly improved the treatment 
of familial hypercholesterolaemia, with apparent 
reductions in cardiovascular morbidity and mortality 
reported in registry and longitudinal cohort studies.11,12 
However, many patients do not achieve desirable LDL 
cholesterol concentrations despite intensive statin therapy, 
even if treatment is combined with other lipid-modifying 
drugs such as ezetimibe.13,14 Phase 1 and 2 trials have 
shown that further LDL cholesterol reductions of 55–60% 
can be achieved when PCSK9 inhibitors are added to 
existing lipid-lowering treatments. These reductions in 
LDL cholesterol are similar to those reported in patients 
without familial hypercholesterolaemia.15–18

The aims of this phase 3 trial were to assess the safety 
and effi  cacy of evolocumab (AMG 145) administered 
subcutaneously every 2 weeks or every month in a large 
and diverse cohort of patients with heterozygous familial 
hypercholesterolaemia with LDL cholesterol con-
centrations of 2·6 mmol/L or higher despite intense 
lipid-lowering therapy.

Methods
Study design and participants
RUTHERFORD-2 was a multicentre, randomised, 
double-blind, placebo-controlled study undertaken at 
39 sites (mostly specialised lipid clinics, mainly 
attached to academic centres) in Australia, Asia, 
Europe, New Zealand, North America, and South Africa 
between Feb 7 and Dec 19, 2013. Patients 18–80 years of 
age with a clinical diagnosis of heterozygous familial 
hyper cholesterolaemia according to Simon Broome 
criteria19 at screening and on a stable dose of a statin 
with or without other approved lipid-modifying therapy 
(eg, ezetimibe, resins, stanols, or niacin, but excluding 
fi brates) for at least 4 weeks before screening were 
eligible for inclusion. Patients were excluded at 
screening if they had a diagnosis consistent with 
homozygous familial hyper cholesterolaemia or if they 
had undergone lipoprotein apheresis within the 
previous 4 months. The full exclusion criteria are listed 
in the appendix.

The protocol and informed consent form were 
approved by each site’s institutional review board or 
independent ethics committee, and all patients provided 
written informed consent before enrolment.

Randomisation and masking
Eligible patients were randomly assigned in a 2:2:1:1 ratio 
to receive subcutaneous evolocumab 140 mg every 2 weeks, 
evolocumab 420 mg monthly, placebo every 2 weeks, or 
placebo monthly for 12 weeks. Randomisation was 
computer generated by the sponsor (Amgen), stratifi ed by 
LDL cholesterol concentration at screening (higher or 
lower than 4·1 mmol/L) and baseline ezetimibe use (yes/
no), and implemented by a com puterised voice interactive 
system. Patients, study personnel, investigators, and 
Amgen study staff  were masked to treatment assignments 
within dosing frequency groups. Masking was achieved by 
the fact that the autoinjector pens containing either the 
study drug (evolocumab) or placebo looked identical so 
neither the patients nor the investigators could tell whether 
they contained study drug or placebo.

Procedures
At screening, patients were assessed for eligibility and 
underwent a physical examination; a 12-lead ECG; and a 
fasting lipid, haematological, and blood chemistry analysis. 
Optional consent (on a separate consent form) was obtained 
for pharmacogenetic subanalysis, since some of ethics 
committees at the various sites did not approve collection 
of DNA for shipment outside of the country. Patients were 
also given a placebo injection to assess their tolerance of 
the autoinjector pen. Study visits were at screening, and at 
weeks 0 (day 1), 2, 8, 10, and 12. Study drug or placebo was 
administered in the clinic at weeks 0, 2, 8, and 10 for the 
every-2-weeks dosing groups, and at weeks 0 and 8 for the 
monthly dosing groups; all other injections (ie, those at 
week 4 for both groups and at week 6 for those receiving 
2-weekly injections) were self-administered by the patients 
at home. We recorded information about adverse events, 
concomitant medications, vital signs, and fasting lipids at 
each visit. We assessed apolipoproteins at weeks 0, 10, and 
12; anti-evolocumab antibodies at weeks 0 and 12; serum 
levels of unbound PCSK9 at week 0, 2, 10, and 12; and 
blood chemistry and haematology at weeks 0, 8, and 12. For 
the patients who received the study drug every 2 weeks, the 
fi nal adverse event data were collected at week 14 by 
telephone.

We calculated LDL cholesterol concentration using the 
Friedewald formula, with refl exive testing through 
preparative ultracentrifugation when the calculated LDL 
cholesterol was 1·0 mmol/L or lower or triglyceride con-
centrations were 4·5 mmol/L or higher.15,20 We measured 
lipoprotein(a) by immunoturbidimetry using an isoform 
independent assay as previously described.15 Safety was 
monitored by an independent data monitoring committee, 
and deaths and major cardio vascular events were 
adjudicated by an independent clinical events committee.

Outcomes
The coprimary endpoints were percentage change in 
plasma LDL cholesterol from baseline to week 12 and at 
the mean of weeks 10 and 12. Secondary endpoints were 
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the absolute change from baseline in LDL cholesterol 
and the percentage of patients achieving a target of LDL 
cholesterol lower than 1·8 mmol/L at the same time-
points; and the mean percentage change from baseline 
in other lipids, apolipoproteins, high-sensitivity 
C-reactive protein, and unbound PCSK9. Key safety out-
comes included treatment-emergent and serious adverse 
events, increases in creatine kinase and hepatic enzymes, 
the development of anti-evolocumab anti bodies, and 
adjudicated cardiovascular adverse events. Adverse 
events were classifi ed according to the Medical Dictionary 
of Regulatory Activities, version 16.1.

Samples from patients who agreed to participate in the 
genetic subanalysis were sequenced by Progenika Inc 
(Medford, MA, USA) for mutations in the whole LDL 
receptor gene, including large deletions or rearrange-
ments, and apolipoprotein B exon 26. Those patients 
who had an LDL receptor mutation were grouped by LDL 
receptor functional class (defective or negative).5,6 
Patients with LDL receptor mutations that have been 
described as causative of familial hypercholesterolaemia 

but whose function has not yet been established or 
described were grouped as unclassifi ed; if no mutation 
was identifi ed in the LDL receptor or apolipoprotein B 
genes, patients were grouped as no mutation identifi ed.

Statistical analysis
Our planned enrolment of 300 patients (100 in each 
evolocumab group and 50 in each placebo group) had at 
least 96% power to detect a 20% or greater reduction in 
the LDL cholesterol concentration in both evolocumab 
groups compared with placebo, with a common SD of 
20%, after accounting for treatment attenuation and 
assuming that 2% of the participants would not receive at 
least one dose of a study drug. All our analyses included 
data from any patient who received at least one dose of 
the study drug, and we analysed patients within the 
dosing frequency group to which they were randomly 
assigned (ie, every 2 weeks vs monthly).

We analysed the coprimary and cosecondary con-
tinuous effi  cacy endpoints within each dosing frequency 
group using a repeated measures linear model, with 

Figure 1: Trial profi le
*Participants could be excluded at screening for several reasons.

415 patients screened
   

84 not enrolled
74 did not meet inclusion criteria*
       40 LDL cholesterol <2·6 mmol/L
          4 no stable dose of statinL
          4 high triglycerides
          4 negative diagnosis of heterozygous familial
              hypercholesterolaemia
          6 diabetes
          5 liver disease
          4 on prohibited lipid-regulating medication
          2 malignancy within previous 5 years
          2 unavailable
          2 recent myocardial infarction or stroke
        11 hyperthyroidism or hypothyroidism
10 met criteria but did not enrol

331 patients randomly assigned

55 assigned to placebo 
every 2 weeks

111 assigned to evolocumab 
140 mg every 2 weeks

55 assigned to monthly placebo 110 assigned to monthly 
evolocumab 420 mg

1 withdrew consent 
before treatment

1 withdrew consent 
before treatment

1 withdrew consent 
and discontinued study
before week 12

1 withdrew consent 
and discontinued study
before week 12

2 withdrew consent 
and discontinued study
before week 12

54 received assigned study drug 110 received assigned study drug 55 received assigned study drug 110 received assigned study drug

53 completed week 12 110 completed week 12 54 completed week 12 108 completed week 12
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terms for treatment group, stratifi cation factor, scheduled 
visit, and the interaction of treatment and scheduled 
visit. We did not impute any missing data, except for the 
secondary endpoint of achievement of LDL cholesterol 
lower than 1·8 mmol/L, for which, for statistical testing 
purposes, non-achievement was imputed for patients 
with a missing value. We used the Cochran-Mantel-
Haenszel test to analyse binary effi  cacy endpoints. 
Multiplicity adjustment was based on a combination of 
sequential testing, the Hochberg procedure,21 and 
fallback procedure to control the overall signifi cance level 
for all coprimary and cosecondary endpoints. A sensitivity 
analysis of the coprimary endpoints was done by 
application of a repeated measures linear eff ects model 
and Quade test22 to patients who adhered to the scheduled 
study drug administration and did not have any missing 
data for the coprimary endpoints. We ran the covariate 
analysis using a similar repeated measures model but 
included the covariates of interest, one at a time, as a 
fi xed eff ect.

We did a post-hoc exploratory subgroup analysis of the 
percentage change from baseline in LDL cholesterol and 
other lipid parameters by genotype status (confi rmed or 
unconfi rmed) and by LDL receptor class (defective, 
negative, or unclassifi ed) or apolipoprotein B mutation 
status. We analysed the data using a repeated measures 
model with terms for treatment group, scheduled visit, 
and the interaction of treatment and scheduled visit. We 
also estimated the mean treatment eff ect diff erences and 
95% CIs between subgroups. We used descriptive statistics 

to assess baseline demographics and baseline lipid 
parameters for all patients and by genotype status, and the 
incidence of adverse events and raised laboratory values.

This trial is registered with ClinicalTrials.gov, number 
NCT01763918.

Role of the funding source
Amgen designed the study in collaboration with the 
authors, and was responsible for data collection and 
analysis. The initial draft of the report was developed by 
FJR and EAS and editorial assistance was provided by 
Amgen. The academic investigators vouch for the 
accuracy and completeness of the data and analyses as 
presented. FJR and EAS had the main responsibility for 
the decision to submit for publication.

Results
Of the 415 patients initially screened, 84 were excluded, 
either because they did not meet the inclusion criteria 
(the most common reasons were their LDL cholesterol 
concentration at screening was <2·6 mmol/L or they had 
hyperthyroidism or hypothyroidism) or because they did 
not want to enrol in the trial (fi gure 1). 331 eligible 
patients were enrolled and randomly assigned to 
evolocumab 140 mg every 2 weeks (n=111), evolocumab 
420 mg monthly (n=110), placebo every 2 weeks (n=55), 
or placebo monthly (n=55; fi gure 1). One patient in each 
of the every-2-weeks dosing groups withdrew consent 
before treatment and thus did not receive study drug; all 
remaining analyses were done on the full analysis set of 
the 329 patients who received at least one dose of study 
drug. 325 (99%) of these 329 patients completed 
the week 12 visit. 13 patients (four in the placebo 
every-2-weeks group [7% of that group] and nine from 
the evolocumab every-2-weeks group [8% of that group]) 
were classifi ed as study non-completers because they 
enrolled into an open-label extension study before 
completing all assessments associated with this study; 
however, data from these patients were still included in 
the intention-to-treat effi  cacy and safety analyses).

139 (42%) of 331 of enrolled patients were women 
and 296 (89%) were white. The mean age of patients 
was 51 years (SD 13); 103 of 331 (31%) had coronary 
artery disease, and the mean baseline LDL cholesterol 
concentration was 4·0 mmol/L (SD 1·2). All patients 
were taking statins; 289 of 331 (87%) were taking 
high-intensity doses (see appendix for a defi nition) and 
204 of 331 (62%) were also taking ezetimibe. Baseline 
characteristics were generally similar across the 
four groups (table 1).

Compared with placebo, evolocumab 140 mg 
administered every 2 weeks resulted in mean reductions 
in LDL cholesterol at week 12 of 59·2% (95% CI 
53·4–65·1) and reductions at the mean of weeks 10 
and 12 of 60·2% (54·5–65·8) (both p<0·0001). Monthly 
administration of evolocumab 420 mg resulted in mean 
reductions in LDL cholesterol at week 12 of 61·3% 

Placebo every 
2 weeks (n=54)

Evolocumab 
140 mg every 
2 weeks (n=110)

Placebo monthly 
(n=55)

Evolocumab 
420 mg monthly 
(n=110)

Age (years) 51·1 (14·2) 52·6 (12·3) 46·8 (12·1) 51·9 (12·0)

Female sex 25 (46%) 44 (40%) 24 (44%) 46 (42%)

Coronary artery disease 16 (30%) 38 (35%) 10 (18%) 39 (35%)

LDL cholesterol at baseline 
(mmol/L)*

3·9 (0·9) 4·2 (1·3) 3·9 (1·1) 4·0 (1·1)

LDL cholesterol at screening

<4·1 mmol/L 35 (65%) 70 (64%) 35 (64%) 70 (64%)

≥4·1 mmol/L 19 (35%) 40 (36%) 20 (36%) 40 (36%)

Other lipid parameters

Apolipoprotein B (g/L) 1·1 (0·3) 1·2 (0·3) 1·1 (0·2) 1·1 (0·3)

HDL cholesterol 
(mmol/L)

1·4 (0·4) 1·3 (0·4) 1·3 (0·3) 1·3 (0·4)

Apolipoprotein A1 (g/L) 1·5 (0·3) 1·4 (0·3) 1·3 (0·2) 1·4 (0·3)

Triglycerides (mmol/L) 1·1 (0·8–1·6) 1·3 (1·0–1·8) 1·2 (0·9–1·7) 1·3 (1·0–1·8)

Lipoprotein(a) (nmol/L) 44·0 (24·0–105·0) 77·5 (29·0–205·5) 87·0 (36·0–219·0) 61·0 (17·0–194·0)

hsCRP (nmol/L) 6·5 (3·8–14·1) 8·8 (5·0–18·2) 11·1 (5·0–21·0) 9·9 (5·8–21·7)

Unbound PCSK9 (nmol/L) 6·0 (1·7) 6·4 (2·0) 6·1 (2·0) 6·1 (1·9)

Data are mean (SD), n (%), or median (IQR). hsCRP=high-sensitivity C-reactive protein. PCSK9=proprotein 
convertase subtilisin/kexin type 9. *Established by the Friedewald formula with refl exive testing through 
preparative ultracentrifugation when calculated LDL cholesterol was ≤1·0 mmol/L or triglyceride concentrations 
were ≥4·5 mmol/L.

Table 1: Baseline characteristics
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Every-2-weeks dosing groups Monthly dosing groups

Placebo every 
2 weeks (n=54)

Evolocumab 
140 mg every 
2 weeks (n=110)

Treatment 
diff erence (95% CI)

p value Placebo monthly 
(n=55)

Evolocumab 
420 mg monthly 
(n=110)

Treatment 
diff erence (95% CI)

p value

LDL cholesterol* (primary endpoint)

Week 12 change from baseline (%) –2·0%
(–6·9 to 2·9)

–61·3%
(–64·7 to –57·8)

–59·2%
(–65·1 to –53·4)

<0·0001 5·5%
(–0·9 to 12·0)

–55·7%
(–60·2 to –51·3)

–61·3%
(–69·0 to –53·6)

<0·0001

Change from baseline (mmol/L) –0·2 
(–0·4 to 0·0)

–2·6
(–2·8 to –2·5)

–2·4
(–2·7 to –2·1)

<0·0001 0·1
(–0·2 to 0·4)

–2·3
(–2·4 to –2·1)

–2·4
(–2·7 to –2·0)

<0·0001

Absolute value (mmol/L) 3·8
(0·2)

1·7
(0·1)

NA ·· 4·1
(0·2)

1·8
(0·1)

NA ··

Mean of weeks 10 and 12 change 
from baseline (%)

–1·1%
(–5·8 to 3·7)

–61·2%
(–64·6 to –57·9)

–60·2%
(–65·8 to –54·5)

<0·0001 2·3%
(–2·5 to 7·1)

–63·3%
(–66·6 to –59·9)

–65·6%
(–71·3 to –59·8)

<0·0001

Apolipoprotein B

Week 12 change from baseline (%) –0·7%
(–5·2 to 3·9)

–49·8%
(–53·0 to –46·5)

–49·1%
(–54·6 to –43·6)

<0·0001 4·6%
(–0·7 to 9·9)

–44·8%
(–48·4 to –41·2)

–49·4%
(–55·7 to –43·1)

<0·0001

Mean of weeks 10 and 12 change 
from baseline (%)

–0·2%
(–4·3 to 4·0)

–49·6%
(–52·5 to –46·7)

–49·4%
(–54·3 to –44·5)

<0·0001 2·2%
(–1·7 to 6·1)

–52·8%
(–55·4 to –50·1)

–55·0%
(–59·6 to –50·4)

<0·0001

HDL cholesterol

Week 12 change from baseline (%) –1·2%
(–4·9 to 2·6)

8·1%
(5·4 to 10·7)

9·2%
(4·7 to 13·7)

<0·0001 –3·7%
(–8·4 to 0·9)

5·4%
(2·1 to 8·6)

9·1%
(3·5 to 14·7)

0·0016

Mean of weeks 10 and 12 change 
from baseline (%)

–0·5%
(–3·8 to 2·9)

7·9%
(5·6 to 10·3)

8·4%
(4·4 to 12·4)

<0·0001 –2·9%
(–6·5 to 0·8)

6·6%
(4·1 to 9·2)

9·5%
(5·1 to 13·9)

<0·0001

Apolipoprotein A1†

Week 12 change from baseline (%) –1·4%
(–5·3 to 2·4)

7·3%
(4·5 to 10·0)

8·7%
(4·1 to 13·2)

0·0012 1·8%
(–2·8 to 6·4)

5·7%
(2·6 to 8·8)

3·9%
(–1·6 to 9·4)

0·0335

Mean of weeks 10 and 12 change 
from baseline (%)

–0·3%
(–4·2 to 3·5)

7·1%
(4·4 to 9·8)

7·4%
(2·9 to 12·0)

0·0015 1·6%
(–2·1 to 5·3)

6·5%
(4·0 to 9·0)

4·9%
(0·6 to 9·2)

0·0271

Triglycerides

Week 12 change from baseline (%) 3·5%
(–3·4 to 10·4)

–16·1%
(–21·0 to –11·2)

–19·6%
(–27·9 to –11·3)

<0·0001 6·4%
(–1·8 to 14·6)

–5·1%
(–10·7 to 0·5)

–11·6%
(–21·4 to –1·7)

0·0214

Mean of weeks 10 and 12 change 
from baseline (%)

9·1%
(3·1 to 15·1)

–13·3%
(–17·5 to –9·0)

–22·4%
(–29·5 to –15·2)

<0·0001 7·5%
(1·1 to 13·9)

–9·3%
(–13·7 to –4·8)

–16·7%
(–24·4 to –9·1)

<0·0001

Lipoprotein(a)

Week 12 change from baseline (%) 8·7%
(2·2 to 15·1)

–22·9%
(–27·5 to –18·3)

–31·6%
(–39·3 to –23·9)

<0·0001 6·7%
(0·5 to 12·9)

–21·6%
(–25·8 to –17·3)

–28·2%
(–35·6 to –20·9)

<0·0001

Mean of weeks 10 and 12 change 
from baseline (%)

7·3%
(1·5 to 13·2)

–24·0%
(–28·2 to –19·9)

–31·4%
(–38·3 to –24·4)

<0·0001 5·4%
(–0·5 to 11·2)

–25·7%
(–29·7 to –21·6)

–31·0%
(–37·9 to –24·1)

<0·0001

Non-HDL cholesterol

Week 12 change from baseline (%) –1·4%
(–6·1 to 3·3)

–56·2%
(–59·6 to –52·8)

–54·8%
(–60·5 to –49·1)

<0·0001 5·3%
(–0·5 to 11·1 )

–49·7%
(–53·7 to –45·6)

–55·0%
(–62·0 to –48·0)

<0·0001

Mean of weeks 10 and 12 change 
from baseline (%)

0·2%
(–4·3 to 4·7)

–55·8%
(–59·0 to –52·6)

–56·0%
(–61·4 to –50·6)

<0·0001 2·7%
(–1·6 to 7·1)

–57·3%
(–60·4 to –54·2)

–60·0%
(–65·2 to –54·8)

<0·0001

Ratio of total cholesterol:HDL cholesterol

Week 12 change from baseline (%) 0·1%
(–4·2 to 4·5)

–46·0%
(–49·0 to –42·9)

–46·1%
(–51·3 to –40·9)

<0·0001 7·1%
(0·9 to 13·3)

–38·3%
(–42·6 to –34·1)

–45·4%
(–52·9 to –38·0)

<0·0001

Mean of weeks 10 and 12 change 
from baseline (%)

0·9%
(–3·2 to 4·9)

–45·7%
(–48·6 to –42·9)

–46·6%
(–51·4 to –41·8)

<0·0001 –4·1%
(–0·1 to 8·4)

–45·0%
(–48·0 to –42·1)

–49·2%
(–54·2 to –44·1)

<0·0001

Ratio of apolipoprotein B:apolipoprotein A1

Week 12 change from baseline (%) 1·5%
(–3·4 to 6·5)

–52·7%
(–56·2 to –49·3)

–54·3%
(–60·2 to –48·4)

<0·0001 4·2%
(–3·0 to 11·5)

–45·3%
(–50·1 to –40·5)

–49·6%
(–58·1 to –41·0)

<0·0001

Mean of weeks 10 and 12 change 
from baseline (%)

0·8%
(–3·6 to 5·1)

–52·4%
(–55·5 to –49·3)

–53·2%
(–58·4 to –48·0)

<0·0001 1·7%
(–3·0 to 6·3)

–53·9%
(–57·1 to –50·7)

–55·6%
(–61·1 to –50·1)

<0·0001

hsCRP‡

Week 12 change from baseline (%), 
median (IQR)

9·2%
(–19·4 to 35·8)

–7·1%
(–28·0 to 39·4)

NA ·· 1·4%
(–42·5 to 43·8)

4·3%
(–30·1 to 73·2)

NA ··

Week 12 change from baseline 
(nmol/L), median (IQR)

0·29 
(–1·24 to 2·67)

–0·48
(–2·76 to 2·29)

NA ·· 0·05
(–7·00 to 2·38)

0·29
(–3·62 to 5·81)

NA ··

(Table 2 continues on next page)
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(53·6–69·0) and at the mean of weeks 10 and 12 of 65·6% 
(59·8–71·3) (both p<0·0001; table 2). Reductions were 
recorded at 2 weeks, remained consistent through to 
week 12 (fi gure 2), and were not related to sex, age, 
body-mass index, intensity of statin therapy, concomitant 
use of ezetimibe, or LDL cholesterol at screening (higher 
or lower than 4·1 mmol/L) (fi gure 3). At week 12, LDL 
cholesterol concentration lower than 1·8 mmol/L was 
achieved by 71 of 104 (68%) patients in the evolocumab 
140 mg every-2-weeks group and by 65 of 103 (63%) 
patients in the evolocumab 420 mg monthly group, 
compared with one patient (2%) in each of the placebo 
groups. Similar results were recorded for the mean of 
weeks 10 and 12 (p<0·0001 for both doses; appendix p 13).

Mean reductions in lipoprotein(a) and apolipoprotein B 
at week 12 were signifi cantly greater in both evolocumab 
groups than in the placebo groups (table 2). At week 12, 

evolocumab 140 mg every 2 weeks signifi cantly reduced 
triglyceride concentrations compared with placebo, 
whereas the 420 mg monthly evolocumab dose resulted 
in a smaller, but still signifi cant, decrease compared 
with placebo (table 2). Both doses of evolocumab led to 
signifi cant increases in HDL cholesterol compared with 
placebo (table 2). Evolocumab had no eff ect on 
high-sensitivity C-reactive protein. Table 2 shows the 
mean percentage changes from baseline at week 12, and 
at the means of weeks 10 and 12, for other lipids and 
apolipoproteins.

Mutations causative of familial hypercholesterolaemia 
were recorded in 211 of 264 (80%) patients who consented 
to the genetic analysis. In seven (3%) patients—all of 
whom were randomly assigned to evolocumab—
mutations were recorded in both LDL receptor alleles, 
which is consistent with either genetic homozygous or 
compound heterozygous familial hypercholesterolaemia. 
The mean baseline LDL cholesterol in these patients 
(5·3 mmol/L [SD 2·8]) was moderately higher than 
that in the patients with receptor-negative mutations 
(4·4 mmol/L [1·3]) or receptor-defective mutations 
(3·9 mmol/L [1·0]) and the prevalence of coronary artery 
disease was 57% (four of seven patients). Of the 
204 patients with a single LDL receptor causative 
mutation, 75 (37%) overall (40 assigned to evolocumab 
and 35 assigned to placebo) had alleles associated with 
defective LDL receptor activity, 66 (32%; 48 evolocumab 
and 18 placebo) had alleles associated with negative or no 
activity, and 54 (26%; 38 evolocumab and 16 placebo) had 
mutations that were unclassifi ed. Nine patients (4%; 
eight assigned to evolocumab and one assigned to 
placebo) had mutations in the apolipoprotein B gene. 
Appendix p 6 shows the baseline characteristics and 
lipids of the various genotypes.

Appendix p 8 and appendix pp 14–15 show changes in 
LDL cholesterol based on causative mutations. Compared 
with placebo, the mean reductions in LDL cholesterol at 
week 12 in patients with LDL receptor-negative activity 

Every-2-weeks dosing groups Monthly dosing groups

Placebo every 
2 weeks (n=54)

Evolocumab 
140 mg every 
2 weeks (n=110)

Treatment 
diff erence (95% CI)

p value Placebo monthly 
(n=55)

Evolocumab 
420 mg monthly 
(n=110)

Treatment 
diff erence (95% CI)

p value

(Continued from previous page)

Unbound PCSK9‡

Week 12 change from baseline (%), 
mean (SE)

1·7%
(3·8)

–47·3%
(3·0)

NA ·· 2·6%
(5·2)

–13·5%
(4·2)

NA ··

Week 12 change from baseline 
(nmol/L), mean (SE)

–0·1
(0·2)

–2·9
(0·2)

NA ·· –0·0
(0·3)

–1·0
(0·2)

NA ··

Data are least-squares mean (95% CI) unless otherwise indicated. NA=not available. hsCRP=high-sensitivity C-reactive protein. PCSK9=proprotein convertase subtilisin/kexin type 9. *Established by the 
Friedewald formula with refl exive testing through preparative ultracentrifugation when calculated LDL cholesterol was ≤1·0 mmol/L or triglyceride concentrations were ≥4·5 mmol/L, adjusted for 
multiplicity. †Apolipoprotein A1 was not part of multiplicity testing hierarchy. ‡Unadjusted estimates and standard error; p values are versus placebo in the same dosing interval. Analysis was done using a 
repeated measures model that included terms for treatment group, stratifi cation factors (screening LDL cholesterol <4·1 or ≥4·1 mmol/L and baseline ezetimibe use), scheduled visit, and the interaction of 
treatment with scheduled visit as covariates. 

Table 2: Lipid effi  cacy outcomes at week 12 and at the mean of weeks 10 and 12

Figure 2: Mean percentage change from baseline in LDL cholesterol in the four groups
The arrows underneath the graph represent timepoints of evolocumab administration. Error bars are standard 
errors. The percentage change in LDL cholesterol was ascertained by the Friedewald formula, with refl exive testing 
through preparative ultracentrifugation when calculated LDL cholesterol was 1·0 mmol/L or lower or triglyceride 
concentrations were 4·5 mmol/L or higher.
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were 61% (95% CI 45–77) for evolocumab 140 mg 
administered every 2 weeks and 55% (37–74) for 
evolocumab 420 mg administered monthly; in patients 
with receptor-defective activity the reductions were 49% 
(38–60) and 66% (47–85), respectively; and in patients with 
unclassifi ed LDL receptor status the reductions were 62% 
(52–71) and 63% (48–78), respectively (interaction p=0·16 
for the every-2-weeks dosing groups and p=0·68 for the 
monthly dosing groups). At week 12, the reductions in 
LDL cholesterol with evolocumab compared with placebo 
in patients in whom no mutation could be identifi ed were 
64% (95% CI 38–89) with evolocumab 140 mg every 
2 weeks and 43% (28–59) with evolocumab 420 mg 
monthly, and were similar to those with genetically 
confi rmed familial hyper cholesterolaemia (appendix p 8). 
In 13 patients with the identical mutation c.313+1G>A (the 
most common LDL receptor mutation identifi ed in the 
study patients) who were randomly assigned to 
evolocumab, the reduction in LDL cholesterol ranged 
from 27% to 83% (data not shown). The mean reductions 
at week 12 in the seven patients who were either genetic 
homozygotes or compound heterozygotes were 68% 
(range 40–82%) with evolocumab 140 mg every 2 weeks 
and 48% (38–64%) with 420 mg every month. In patients 
with apolipoprotein B mutations, the mean reductions in 
LDL cholesterol at week 12 were 51% (range 35–64%) with 
evolocumab 140 mg every 2 weeks and 50% (36–65%) with 
420 mg every month.

The mean reductions in apolipoprotein B at week 12 
with evolocumab compared with placebo ranged from 
42% to 53% and were similar for both dosing schedules 
in patients with LDL receptor-negative activity, patients 
with LDL receptor-defective activity, patients with 

unclassifi ed LDL receptor status, and patients in whom 
no mutation could not be identifi ed (appendix p 8) 
(interaction p=0·88 for the every-2-weeks dosing groups 
and p=0·70 for the monthly dosing groups). Reductions 
in lipoprotein(a) ranged from 19% to 45% (appendix p 8), 
but did not seem to depend on baseline levels or the type 
of receptor mutation (interaction p=0·44 and p=0·41 for 
subgroup analysis based on receptor mutation for the 
every-2-weeks and monthly dosing groups, respectively). 
Appendix pp 10–11 show the mean percentage changes 
from baseline in other lipids, apolipoproteins, and 
high-sensitivity C-reactive protein based on causative 
mutations.

Rates of adverse events, positively adjudicated cardio-
vascular events, abnormal laboratory values, neuro-
cognitive events, and anti-evolocumab antibodies were 
similar to those in previous studies of evolocumab15,17,23,24 
and were similar between the evolocumab and placebo 
groups (table 3). Nasopharyngitis was reported more 
frequently in patients who received evolocumab (in 19 of 
220 patients [9%]) than in those given placebo (fi ve of 
110 patients [5%]), as were muscle-related adverse events 
(ten patients [5%] in the evolocumab groups vs one [1%] 
in the placebo groups). No serious adverse events led to 
study drug discontinuation and none of the seven severe 
events in the evolocumab groups were judged to be related 
to the study drug. No deaths occurred during the trial.

Discussion
This study, the largest reported global trial of patients 
with heterozygous familial hypercholesterolaemia with 
a monoclonal antibody to PCSK9, showed that the 
addition of evolocumab 140 mg every 2 weeks or 

Figure 3: Treatment diff erences between evolocumab and placebo in mean percentage changes from baseline in LDL cholesterol at week 12 and the 
associations with sex, age, BMI, lipid-lowering therapy, and baseline LDL cholesterol concentrations
(A) Doses administered every 2 weeks. (B) Doses administered monthly. Error bars are 95% CI. BMI=body-mass index. NA=not available.
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420 mg monthly to existing lipid-lowering therapy 
achieved similar LDL cholesterol reductions of roughly 
60%. Additionally, more than 60% of patients who 
were given evolocumab at either dosing frequency 
achieved LDL cholesterol levels lower than 1·8 mmol/L. 
These results support and expand upon those reported 
in previous, smaller studies of heterozygous familial 
hypercholesterolaemia (panel).15–17

The identifi cation of mutations in 80% of the 
264 patients who consented to be genotyped is 
exceptionally high for a global and diverse population, 
compares favourably with the highest identifi cation rate 
of mutations reported in a single country,25 and exceeds 
that of a recent study in patients from UK lipid clinics 
reported by Talmud and colleagues.26 In that study, 
patients with familial hypercholesterolaemia, which was 
diagnosed as defi nite or possible on the basis of Simon 
Broome criteria19—similar to our present trial—were 
genotyped for associated LDL receptor, apolipoprotein B, 
and PCSK9 mutations. The investigators reported a 78% 
detection rate in the cohort of 307 patients with a defi nite 
diagnosis, and a 33% rate in the Oxford lipid clinic 
population that included patients with both defi nite and 
possible familial hypercholesterolaemia.26 In our study, 

roughly 20% of patients had no detectable mutation, 
whereas in 3% of patients, mutations in both LDL 
receptor alleles were identifi ed, even though they were 
thought to have heterozygous familial hyper-
cholesterolaemia on the basis of clinical criteria. This 
result is consistent with recent fi ndings by Sjouke and 
colleagues27 in a Dutch study in which genetic homo-
zygous familial hypercholesterolaemia patients detected 
by cascade screening had LDL cholesterol levels before 
lipid-lowering treatment as low as 4·4 mmol/L and 50% 
of the patients did not meet the traditional clinical criteria 
for homozygous familial hypercholesterolaemia (LDL 
cholesterol >13·0 mmol/L). We now show that these 
genetic homozygous familial hypercholesterolaemia 
patients respond to evolocumab therapy in a similar way 
to those with heterozygous familial hyper cholestero l-
aemia, and to a greater degree than that reported in 
specifi cally selected patients with homozygous familial 
hypercholesterolaemia.28 In the homozygous familial 
hypercholesterolaemia trial, LDL cholesterol response 
was related to LDL receptor genotype with diminishing 
reductions as the number of alleles associated with 
receptor negative activity increased. Thus, perhaps 
unexpectedly, the present analysis shows that patients 

Placebo every 2 weeks 
(n=54)

Evolocumab 140 mg 
every 2 weeks (n=110)

Placebo monthly 
(n=55)

Evolocumab 420 mg 
monthly (n=110)

Adverse events

Any 23 (43%) 61 (55%) 30 (55%) 63 (57%)

Serious* 2 (4%) 3 (3%) 3 (5%) 4 (4%)

Deaths 0 0 0 0

Leading to treatment discontinuation 0 0 0 0

Most common adverse events in patients given 
evolocumab

Nasopharyngitis 2 (4%) 8 (7%) 3 (5%) 11 (10%)

Headache 1 (2%) 4 (4%) 3 (5%) 5 (5%)

Contusion 0 5 (5%) 1 (2%) 4 (4%)

Back pain 0 2 (2%) 1 (2%) 6 (5%)

Nausea 0 5 (5%) 1 (2%) 3 (3%)

Positively adjudicated cardiovascular events 0 2 (2%) 0 1 (1%)

Potential injection-site adverse events† 2 (4%) 5 (5%) 2 (4%) 8 (7%)

Neurocognitive adverse events‡ 0 0 0 0

Muscle-related adverse events 0 8 (7%) 1 (2%) 2 (2%)

Laboratory results

ALT or AST >3× ULN (any post-baseline value) 0 0 0 0

Creatine kinase >5× ULN (any post-baseline 
value)

0 0 2 (4%) 0

Development of anti-evolocumab antibodies 

Binding antibodies NA 0 NA 0

Neutralising antibodies NA 0 NA 0

ALT=alanine aminotransferase. AST=aspartate aminotransferase. ULN=upper limit of normal. NA=not applicable. *Defi ned as an adverse event that was fatal, life-threatening, 
required admission to hospital or prolonged stay in hospital, or caused persistent or signifi cant disability or incapacity or a congenital anomaly or birth defect. †Reported using 
high-level term grouping, which includes injection-site rash, infl ammation, pruritus, reaction, and urticaria. ‡Defi ned using the Medical Dictionary for Regulatory Activities 
high-level group terms deliria (including confusion), cognitive and attention disorders and disturbances, dementia and amnestic disorders, disturbances in thinking and 
perception, and mental impairment disorders.

Table 3: Adverse events and laboratory results
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with receptor-negative mutations respond equally well to 
treatment as those with defective mutations or those 
with mutations in apolipoprotein B, which suggests that 
the response to PCSK9 inhibition with evolocumab in 
heterozygous familial hypercholesterolaemia depends 
mainly on upregulation of the non-aff ected LDL receptor, 
whereas the mutant receptor has a negligible role. This 
idea is supported by previous studies that showed similar 
reductions in LDL cholesterol in patients with heter-
ozygous familial hypercholesterolaemia as those without 
the disorder when evolocumab was added to existing 
lipid-lowering therapy.15–18 Importantly, this trial has 
clinical implications in that it indicates that the genetic 
analysis might not be helpful in assessment of response 
to evolocumab in patients with heterozygous familial 
hypercholesterolaemia, unlike patients with homozygous 
familial hyper cholestero laemia, in whom the underlying 
genetic mutations seem to be very helpful in predicting 
response to treatment.28

Notably, and in agreement with previous studies, the 
LDL receptor defect seemed to be associated with the 
baseline LDL cholesterol and presence of coronary artery 
disease: patients with two LDL receptor defects had 
higher LDL cholesterol and more coronary artery disease 
than did those with a single LDL receptor-negative 
mutation, who in turn had higher LDL cholesterol levels 
and more coronary artery disease than did those with an 
LDL receptor-defective mutation, although the sample 
sizes within these groups were small (between seven 
and nine patients). The other new fi nding is the 
variable—although still good—response in patients with 
identical receptor mutations, which indicates that, as 
with statin therapy, other factors must have a role in LDL 
cholesterol reduction with evolocumab.7 As previously 
shown by Talmud and colleagues, a constellation of 
minor genetic defects, which they termed polygenic 
familial hypercholesterolaemia, can produce a similar 
clinical phenotype.26 Perhaps assessments of these 
additional defects can assist in further elucidation of 
determinants of response to treatments that upregulate 
LDL receptor activity.26

Evolocumab was well tolerated and was not associated 
with any serious treatment-related adverse events. The 
incidence of adverse events in the evolocumab groups 
was similar to that in the placebo groups.

Our study has several limitations. The analysis of 
response based on genotype was post hoc and was not 
prespecifi ed in the study protocol or analysis plan, and 
should therefore be viewed as a hypothesis-generating 
step. The study duration of 12 weeks, although suffi  cient 
for assessment of LDL cholesterol-lowering effi  cacy given 
that reductions in LDL cholesterol and other lipoproteins 
were achieved within 2 weeks and remained stable 
throughout the trial, is not suffi  cient to assess long-term 
durability of the reductions or safety. However, two recent 
52-week trials with evolocumab in patients with and 
without heterozygous familial hypercholesterolaemia 

have shown that the LDL cholesterol reductions recorded 
at 12 weeks are maintained for at least 52 weeks, with no 
additional safety or tolerability issues.23,24 A long-term 
study to establish the eff ect of the large LDL cholesterol 
reduction with evolocumab on cardiovascular outcome is 
already underway.29

In patients with heterozygous familial hypercholesterol-
aemia, inhibition of PCSK9 with evolocumab resulted in 
LDL cholesterol reductions of 60% compared with 
placebo, and achievement of LDL cholesterol con-
centrations lower than 1·8 mmol/L in more than 60% of 
patients. The response to evolocumab was unrelated to 
the underlying genetic mutation. Evolocumab was well 
tolerated and off ers the potential to achieve large 
reductions in LDL cholesterol in this diffi  cult-to-treat, 
high-risk patient population.
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Panel: Research in context

Systematic review
A PubMed search for original research articles published in English between Jan 1, 1985 and 
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also the fi rst to compare monthly versus every-2-weeks administration of a PCSK9 inhibitor 
in this patient group. 

Interpretation
We report the results of a large, randomised, placebo-controlled trial of the PCSK9 inhibitor, 
evolocumab, in patients with heterozygous familial hypercholesterolaemia. Evolocumab 
administered either 140 mg every 2 weeks or 420 mg monthly was well tolerated and 
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