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Type 2 diabetes mellitus (T2DM) is a major independent risk factor for cardiovascular disease,

and diabetic dyslipidemia is a major contributor to cardiovascular risk in these patients. Here we

report the rationale and design of a phase 3, double-blind study specifically designed to evaluate

the lipid-lowering efficacy of the proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitor

evolocumab in patients with T2DM and hyperlipidemia or mixed dyslipidemia who are on back-

ground statin therapy. In the BERSON (evolocumaB Efficacy for LDL-C Reduction in subjectS

with T2DM On background statiN) trial, patients with T2DM, a screening low-density lipopro-

tein cholesterol (LDL-C) level of ≥ 2.6 mmol/L (≥100 mg/dL) or ≥ 3.4 mmol/L (≥130 mg/dL),

and with or without statin treatment at screening, respectively, were enrolled and started on

atorvastatin 20 mg/day for a lipid stabilization period of at least 4 weeks. Then, patients were

randomly assigned in a 2:2:1:1 ratio to receive atorvastatin 20 mg once daily plus either evolo-

cumab 140 mg every 2 weeks (Q2W), evolocumab 420 mg every month (QM), placebo Q2W,

or placebo QM. The co-primary outcome measures were the percentage change from baseline

in LDL-C at week 12 and the percentage change from baseline in LDL-C at the mean of weeks

10 and 12. The BERSON trial has completed enrollment. The study completed in the first half of

2018, and will provide information on the efficacy and safety of evolocumab in patients with

T2DM and dyslipidemia.
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1 | INTRODUCTION

When compared with healthy individuals, patients with diabetes melli-

tus (T2DM) have a two or three times higher rate of comorbid cardio-

vascular disease (CVD),1,2 the latter of which is a major cause of

mortality. While the risk of cardiovascular (CV) events is high in

patients with atherosclerotic cardiovascular disease (ASCVD) and

comorbid T2DM,3 CV event risk in patients with T2DM remains ele-

vated even in those without established CVD.4 The global burden of

ASCVD associated with diabetes is also of concern in China, where

the overall prevalence of diabetes is 11%5 and the magnitude of

increased risk of major CVD is similar to that observed in Western

populations.6

In patients with T2DM, mortality due to coronary heart disease

increases exponentially as a function of LDL cholesterol (LDL-C)

level.4 Because elevated levels of LDL-C are associated with an

increased risk of ASCVD, and LDL-C is known to be a strong indepen-

dent predictor of heart disease, an even modest increase in LDL-C of

0.26 mmol/L (10 mg/dL) in patients with T2DM can increase a

patient's CV risk by 12%.7

Lowering LDL-C with statin therapy significantly reduces CV

events in patients with diabetes8–11 and the addition of ezetimibe
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provides additional, modest reductions in the incidences of myocardial

infarction and stroke in patients with T2DM and previous acute coro-

nary syndrome.9 For this reason, various guidelines recommend

aggressive LDL-C lowering through a moderate- or high-intensity

statin regimen.12 Despite the substantive lipid lowering achieved with

statin therapy, many patients with diabetes continue to have high

residual lipid risk as well as profound lipid profile abnormalities.13

Proprotein convertase subtilisin/kexin type 9 (PCSK9) reduces

the recycling of LDL receptors by binding to the receptor along with

LDL and targeting the receptor for lysosomal degradation.14 Evolo-

cumab is a human immunoglobulin G subclass 2 monoclonal antibody

to PCSK9 that blocks circulating PCSK9 from binding to the LDL

receptor. This, in turn, increases the number of LDL receptors avail-

able in the liver cell surface, which facilitates the clearance of LDL-C

from plasma and results in lower levels of LDL-C. In phase 2 and

3 studies, evolocumab consistently reduced LDL-C levels across

diverse patient populations, including patients with familial hyper-

cholesterolemia, those with a range of CV risk, those with statin

intolerance, and those on various background therapies including

diet (monotherapy), a range of statins at various doses, and statins

with other lipid-lowering therapies.15–20 Evolocumab also reduced

ApoB, non-HDL cholesterol (non-HDL-C), VLDL cholesterol (VLDL-

C), triglycerides, and lipoprotein (a) [Lp(a)], and increased HDL-C and

apolipoprotein A1. Improvements in these lipid parameters in

12-week studies were consistent with those observed following

longer-term use of evolocumab.15,19

Evolocumab is indicated as an adjunct to diet and maximally toler-

ated statin in adults with primary hypercholesterolemia or mixed dysli-

pidemia who require additional lowering of LDL-C. Evolocumab is also

indicated in adults and adolescents aged 12 years and over for the

treatment of homozygous familial hypercholesterolemia. Recently,

evolocumab has also been approved for the prevention of CV events

(myocardial infarction, stroke, and coronary revascularization) in adults

with established CVD.21 In a prespecified subanalysis from a large CV

outcomes study,22 as well as post-hoc analyses of data from phase

3 studies,23,24 evolocumab significantly reduced LDL-C levels by

approximately 60% in patients with diabetes. Reductions in LDL-C

were consistent in patients with or without diabetes, were sustained

over longer-term use, and were not associated with adverse effects

on glycemic control.15,22–24 Additionally, there was no observed

increase in the risk of new-onset diabetes in patients without T2DM

at baseline.22,24,25 These data are consistent with those reported for

patients treated with another PCSK9 inhibitor, alirocumab, strongly

suggesting that monoclonal antibodies against PCSK9 improve lipid

profiles and likely have no adverse effects on measures of glycemic

control and do not cause new-onset diabetes in patients without dia-

betes.26–28 Here, we present the study design and rationale for the

BERSON study, which is one of the two dedicated clinical trials specif-

ically designed to evaluate the efficacy and safety of 12 weeks of evo-

locumab in patients with T2DM. BERSON was recently conducted in

a global population that included half of its patients from China, due

to both the global burden of diabetes and the high prevalence of

diabetes in China.

2 | METHODS

2.1 | Study design

BERSON was a 12-week, phase 3, randomized, double-blind, placebo-

controlled, multicenter study in patients with T2DM and hyperlipidemia

or mixed dyslipidemia, designed to evaluate if evolocumab plus back-

ground atorvastatin therapy is effective, safe, and well tolerated

(ClinicalTrials.gov identifier: NCT02662569). The study was conducted

in 10 countries (Argentina, Brazil, Canada, China, Colombia, France,

South Korea, Russia, Turkey, and the United States; Supplemental

Appendix).

2.2 | Study hypothesis and objectives

The primary hypothesis of the study is that both dosing regimens of

evolocumab (140 mg Q2W and 420 mg QM) in combination with

atorvastatin will be well tolerated and will result in greater reduction

of LDL-C, defined as mean percent change from baseline at weeks

10 and 12 and percent change from baseline at week 12, compared

with placebo (Q2W and QM), in combination with atorvastatin in dia-

betic patients with hyperlipidemia or mixed dyslipidemia. The primary

objective of the study was to evaluate the efficacy (vs placebo) of

12 weeks of subcutaneous (SC) evolocumab administered every

2 weeks (Q2W) or every month (QM) when used in combination with

20 mg/day of atorvastatin therapy on the percentage change from

baseline in LDL-C level.

2.3 | Study endpoints

Endpoints are listed in Table 1. The co-primary endpoints of the study

were the percentage change from baseline in LDL-C at week 12 and

the percentage change from baseline in LDL-C at the mean of weeks

10 and 12. Secondary endpoints included but were not limited to the

change from baseline in LDL-C and the percentage change from base-

line in non-HDL-C, ApoB, total cholesterol, triglycerides, HDL-C, and

VLDL-C. Safety endpoints included patient incidence of treatment-

emergent adverse events, laboratory values, and the incidence of anti-

drug antibodies (binding and neutralizing). Measures of glycemic

control—fasting plasma glucose and hemoglobin A1c—were also

assessed at baseline and week 12 (Supplemental Appendix).

2.4 | Study ethics

All patients were required to provide written informed consent prior to

screening and administration of investigational product (IP). An inde-

pendent review board or independent ethics committee at each study

site reviewed the study and approved the protocol and the subsequent

amendments to the study protocol. An external, independent data mon-

itoring committee (DMC) periodically reviewed study data, and analyses

for the DMC were provided by an independent biostatistical group.

2.5 | Study population

Eligible patients were aged 18 to 80 years, had a diagnosis of T2DM

for at least 6 months prior to screening, were on stable diabetes
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therapy prior to randomization, and had a diagnosis of hyperlipidemia

or mixed dyslipidemia. Patients receiving statin therapy at screening

were required to have an LDL-C of ≥2.6 mmol/L (≥ 100 mg/dL), and

patients not on background statin therapy at screening were required

to have an LDL-C of ≥3.4 mmol/L (≥130 mg/dL). Type 2 diabetes was

defined as a patient receiving pharmacologic treatment for type 2 dia-

betes for ≥6 months prior to screening, with stable diabetes therapy

prior to randomization to IP and not expected to change during the

duration of study participation. Stable diabetes therapy was defined

as no new agents added, no dose change of any oral antihyperglyce-

mic drug within 2 months, and daily insulin dose not changed by

>25% and > 25 units within 1 month prior to randomization. Patients

were also required to have fasting triglycerides ≤4.5 mmol/L

(≤ 400 mg/dL). Patients were excluded from the study if they had

medical contraindications to receiving 20 mg atorvastatin, if they had

type 1 diabetes or poorly controlled T2DM, a history of myocardial

infarction, unstable angina, percutaneous coronary intervention, coro-

nary artery bypass graft, or stroke in the past 6 months. Full exclusion

criteria are provided in Table 2.

2.6 | Study procedures

This study was designed with a duration of 12 weeks because previ-

ous phase 2 and 3 studies of evolocumab demonstrated that

12 weeks is sufficient to measure primary and secondary endpoints at

peak pharmacodynamic effect. In addition, most pivotal LDL-C-

lowering studies fall within an 8- to 16-week study length; thus, there

is regulatory precedent for a 12-week study duration.16–19,29,30

Patients first underwent screening procedures, including labora-

tory tests and the administration of a single dose of placebo using an

auto-injector device (AI/Pen). Eligible patients were then enrolled and

underwent a lipid stabilization period of up to 8 weeks with atorva-

statin 20 mg/day orally, followed by a 2:2:1:1 randomization to IP

(evolocumab 140 mg SC Q2W or 420 mg QM, or placebo SC Q2W or

QM). Atorvastatin was selected as the background statin therapy for

this study in part because clinical outcomes data are available for this

drug in patients with diabetes.8 Half of the patients in this study were

recruited from study sites in China. A dose of 20 mg/day atorvastatin

was selected based on standard medical practice in China, the 2007

Chinese dyslipidemia guidelines,31 and the expected LDL-C response

with atorvastatin 20 mg/day in the Chinese population.32 This dose

was used at all study sites to maintain consistency among study par-

ticipants in all regions. After completion of the lipid stabilization

period, patients were then randomized to IP (Figure 1). Each study

arm continued receiving atorvastatin until the end of the study. Ran-

domization to 1 of 4 treatment arms was based on a computer-

generated randomization schedule. For the duration of the study,

investigators, site staff, and patients remained blinded to treatment

assignments. The study had a planned enrollment of 900 patients. Of

these, approximately 300 were to be randomized to each evolocumab

plus atorvastatin dosing regimen, and approximately 150 to each pla-

cebo plus atorvastatin dosing regimen.

2.7 | Data collection

Fasting lipid levels (total cholesterol, LDL-C, triglycerides, VLDL-C,

non-HDL-C, and HDL-C) were measured at screening, at the end of

lipid stabilization, and at study visits on day 1, week 2, week 8, week

10, and week 12. ApoB was measured at day 1, week 10, and

week 12.

Central laboratory results of the lipid panel and lipoproteins

remained blinded until unblinding of the clinical database occurred,

and were not reported to the investigator post-screening. Investiga-

tors were not permitted to perform nonprotocol testing of study

TABLE 1 Key endpoints

Co-primary
1. Percentage change from baseline in LDL-C at week 12.
2. Percentage change from baseline in LDL-C at the mean of weeks

10 and 12.
Secondary
1. Change from baseline in LDL-C.
2. Percentage change from baseline in non-HDL-C.
3. Percentage change from baseline in ApoB.
4. Percentage change from baseline in total cholesterol.
5. Percentage change from baseline in triglycerides.
6. Percentage change from baseline in HDL-C.
7. Percentage change from baseline in VLDL-C.
Safety
1. Incidence of treatment-emergent adverse events.
2. Laboratory values.
3. Incidence of antidrug antibodies (binding and neutralizing).

Abbreviations: ApoB, apolipoprotein B; HDL-C, high-density lipoprotein
cholesterol; LDL-C, low-density lipoprotein cholesterol; VLDL-C, very
low-density lipoprotein cholesterol.

TABLE 2 Major exclusion criteria

1. Medical contraindications to receiving 20 mg atorvastatin QD for 16 weeks.
2. Heart failure with New York heart association class III or IV or last known left ventricular ejection fraction <30%.
3. Type 1 diabetes or poorly controlled type 2 diabetes mellitus.a

4. Systolic blood pressure > 160 mmHg or diastolic blood pressure > 100 mmHg.
5. Myocardial infarction, unstable angina, percutaneous coronary intervention, coronary artery bypass graft, or stroke in the last 6 months.
6. Moderate to severe renal dysfunction or persistent active liver disease or hepatic dysfunction.
7. Creatine kinase >3 times the ULN.
8. Previously received evolocumab or another PCSK9 inhibitor.
9. Inability to discontinue until end of study the following: Red yeast rice, niacin (> 200 mg/day), >1000 mg/day of omega-3 fatty acids, and all

prescription lipid-regulating drugs except the study-provided atorvastatin.
10. Any of the following drugs in the last 2 months: Systemic cyclosporine, systemic steroids, vitamin A derivatives and retinol derivatives for the

treatment of dermatologic conditions (eg, Accutane), or a cholesterylester transfer protein inhibitor in the last 12 months.
11. Pregnancy, breastfeeding, planning to become pregnant, or planning to breastfeed.

Abbreviations: PCSK9, proprotein convertase subtilisin/kexin type 9; QD, once daily; ULN, upper limit of normal.
a Poorly controlled T2DM defined as: HbA1c > 10.0% at screening and at lipid stabilization or not on stable pharmacologic therapy for type 2 diabetes.
Stable therapy was defined as no new agents added, no dose change of any oral antihyperglycemic drug within 2 months, and daily insulin dose not chan-
ged by >25% and >25 units within 1 month prior to randomization.
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analytes during a patient's study participation and until at least

12 weeks after last IP administration or the patient's end of study,

whichever was later. Adverse device events, adverse events, and seri-

ous adverse events were collected at every study visit. Final adminis-

tration of IP was at week 10 for Q2W treatment and week 8 for QM

treatment. End of study for Q2W patients was at week 14 and for

QM patients was at week 12.

2.8 | Statistical design and analysis

A sample size of 900 was planned to provide ≥96% power to detect

at least a 30% reduction in the LDL-C level in both evolocumab

groups compared with placebo, assuming a common SD of 30%, after

accounting for an estimated 15% treatment attenuation (patients not

completing study), and assuming that 2% of the patients would not

receive any study drug.

Efficacy and safety analyses will include all patients randomized

to treatment and receiving at least one dose of study drug. Repeated-

measures linear mixed-effects models will be used to assess the co-

primary endpoint of percentage change from baseline in LDL-C at

week 12 and the mean of week 10 and week 12, as well as the sec-

ondary efficacy endpoints. Models will include terms for treatment

group, stratification factors (statin therapy at study entry [none vs

non-intensive vs intensive], geographic region [China, Korea, other

countries]), scheduled visit, and the interaction of treatment with the

scheduled visit. Analyses for the secondary endpoints will be adjusted

for multiplicity to preserve the family-wise error rate at 0.05. Baseline

covariates for this study include, but are not limited to, statin therapy

at study entry, age, sex, race, and the site's geographic region.

All lipids were assayed in serum samples by Medpace (Cincinnati,

Ohio; and Leuven, Belgium). Serum glucose and hemoglobin A1c were

assessed as part of chemistry by Q2 Solutions (Valencia, California;

Livingston, UK).

A Mixed Meal Tolerance Test (MMTT) substudy is planned for

this study. The MMTT was performed after an overnight fast at the

day 1 and the week 12 study visits. Fasting venous blood samples

were collected at each of these 2 visits as close as possible before

consuming a standardized mixed meal and before the subject received

any food or drink (other than water) or study drug. Postprandial blood

samples were then collected at time 0, and 120 �10 minutes after

consumption of the standardized mixed meal for assessment of

plasma glucose, insulin, proinsulin, C-peptide, free fatty acids, gluca-

gon, lipids, chylomicrons, ApoB48, IL-6, adiponectin, vitamin E.

Adverse events, collected at each study visit, are coded using the

Medical Dictionary for Regulatory Activities (MedDRA) and patient

incidences will be summarized by system organ class and preferred

term by treatment group. Other safety measurements (eg, safety labo-

ratory parameters, vital signs, electrocardiogram, anti-evolocumab

antibodies) will be summarized by treatment group using descriptive

statistics.

3 | RESULTS

Randomization was completed in September 2017, and the clinical

trial completed in the first half of 2018. In total, 986 patients were

randomized from 10 countries (Argentina, Brazil, Canada, China,

Colombia, France, South Korea, Russia, Turkey, and the United
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States). A total of 453 patients were recruited from China. The mean

age [SD] of patients was 61 (9) years, 57% were women, 42% were

white, and the mean (SD) baseline LDL-C was 93 (33) mg/dL.

4 | DISCUSSION

The BERSON study is one of the two dedicated evolocumab clinical

trials in patients with T2DM. The other study, BANTING, is different

in that it requires enrolled patients to be on maximally tolerated statin

of at least moderate intensity at screening. In addition, in BANTING,

lipid eligibility criteria includes both LDL-C and non-HDL-C. Additional

differences between the studies include dosing regimens, device use,

participating countries, and sample size. Thus, while both studies

include patients with type 2 diabetes and with hyperlipidemia or

mixed dyslipidemia, there are notable differences in eligibility require-

ments, study design, and regions between the two, which make them

complementary.

Results from the BERSON study will supplement the data already

available from a prespecified subanalysis of a large CV outcomes trial

of evolocumab in high-risk patients, as well as other post-hoc analyses

of patients with diabetes from phase 3 evolocumab trials.22–25,33 In

the prespecified subgroup analysis of the FOURIER outcomes trial,

LDL-C lowering was comparable in the 11 031 patients with diabetes

(57% reduction) and 16 533 patients without diabetes (60% reduc-

tion), with no safety signals observed in evolocumab-treated patients.

In patients with diabetes, the incidence of adverse events was similar

between patients receiving evolocumab (78.5%) and placebo (78.3%).

There were also no adverse effects on measures of glycemic control.22

At a median follow-up of 2.2 years, glycated hemoglobin and fasting

plasma glucose levels were similar between patients receiving evolo-

cumab or placebo, regardless of their baseline glycemic status (diabe-

tes, prediabetes, or normoglycemia). In addition, despite Mendelian

randomization studies suggesting that PCSK9 deficiency may be

linked to new-onset diabetes,34 the FOURIER analysis demonstrated

that there was also no signal of new-onset diabetes following treat-

ment with evolocumab.22,24 These data confirm what was observed in

prior, post-hoc analyses of evolocumab clinical trials,23–25 as well as

data from another PCSK9 inhibitor, alirocumab.22,27,35,36 The BER-

SON study we describe here differs from the FOURIER subgroup

analysis in that it is specifically designed to test the effects of evolocu-

mab in patients with diabetes and hyperlipidemia or mixed dyslipide-

mia on background statin therapy. In addition, the BERSON trial

enrolled half of its patients from China, allowing for the examination

of the effect of evolocumab in this population.

5 | CONCLUSION

This study was designed to specifically assess the efficacy and safety

of evolocumab in reducing atherogenic lipids such as LDL-C in

patients with T2DM. While prior subanalyses show consistent effi-

cacy and safety of evolocumab in patients with and without T2DM,

this randomized, double-blind study will provide additional, rigorous

evidence of the effects of evolocumab in this patient population. The

study completed in the first half of 2018.
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