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Aim: To evaluate the lipid-lowering efficacy and safety of evolocumab combined with back-

ground atorvastatin in patients with type 2 diabetes mellitus (T2DM) and hyperlipidaemia or

mixed dyslipidaemia.

Materials and methods: BERSON was a double-blind, 12-week, phase 3 study (NCT02662569)

conducted in 10 countries. Patients ≥18 to ≤80 years with type T2DM received atorvastatin

20 mg/d and were randomised 2:2:1:1 to evolocumab 140 mg every 2 weeks (Q2W) or 420 mg

monthly (QM) or placebo Q2W or QM. Co-primary endpoints were the percentage change in

low-density lipoprotein cholesterol (LDL-C) from baseline to week 12 and from baseline to the

mean of weeks 10 and 12. Additional endpoints included atherogenic lipids, glycaemic mea-

sures, and adverse events (AEs).

Results: Overall, 981 patients were randomised and received ≥1 dose of study drug.

Evolocumab significantly reduced LDL-C versus placebo at week 12 (Q2W, −71.8%; QM,

−74.9%) and at the mean of weeks 10 and 12 (Q2W, −70.3%; QM, −70.0%; adjusted

P < 0.0001 for all) when administered with atorvastatin. Non-high-density lipoprotein choles-

terol, apolipoprotein B100, total cholesterol, lipoprotein (a), triglycerides, high-density lipopro-

tein cholesterol, and very low-density lipoprotein cholesterol improved significantly with

evolocumab versus placebo. The overall incidence of AEs was similar between evolocumab and

placebo-treated patients, and there were no clinically meaningful differences in changes over

time in glycaemic variables (fasting serum glucose and HbA1c) between the two groups.

Conclusions: In patients with T2DM and hyperlipidaemia or mixed dyslipidaemia on statin,

evolocumab significantly reduced LDL-C and other atherogenic lipids, was well tolerated, and

had no notable impact on glycaemic measures.
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1 | INTRODUCTION

Diabetes mellitus is a major risk factor for myocardial infarction,

stroke, and other cardiovascular disease (CVD), and has been

associated with increased risk for cardiovascular death compared

with adults without diabetes.1 China has the highest prevalence

of diabetes of all countries worldwide, with over 114 million esti-

mated cases in 2017.2 In China, the risk of developing CVD

among patients with diabetes is consistent with that in Western

populations.3
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Elevated low-density lipoprotein cholesterol (LDL-C) has been

associated with cardiovascular events in patients with type 2 diabetes

mellitus (T2DM).4,5 Statins are the first-line therapy for LDL-C reduc-

tion and primary and secondary prevention of atherosclerotic CVD

(ASCVD) events in patients with and without T2DM.6–12 The Choles-

terol Treatment Trialists' Collaborators meta-analysis showed that

every mmol/L reduction in LDL-C is associated with a 21% reduction

in the incidence of any major vascular event, and the effect is similar

in patients with or without diabetes.13 However, an unmet medical

need remains for patients who are unable to reach recommended

LDL-C levels with a statin alone, who are unable to take an effective

dose, or who are statin intolerant.12,14–17 Thus, additional lipid-

lowering therapies for achieving recommended LDL-C levels and

reducing cardiovascular risk are needed for this high–CVD risk patient

population.

In phase 2 and 3 clinical studies, evolocumab, a human monoclo-

nal antibody to proprotein convertase subtilisin/kexin type 9 (PCSK9),

consistently reduced LDL-C levels in patients on background statin

alone or in combination with lipid-lowering therapy.18–23 In the Fur-

ther Cardiovascular Outcomes Research with PCSK9 Inhibition in

Subjects with Elevated Risk (FOURIER) trial (NCT01764633),

evolocumab reduced the risk of major cardiovascular events (myocar-

dial infarction, stroke, and coronary revascularization) in patients with

or without diabetes.24 In the evolocumaB Efficacy for LDL-C Reduc-

tion in subjectS with T2DM On background statiN (BERSON) study,

we assessed the efficacy and safety of evolocumab combined with

background atorvastatin in reducing LDL-C and improving other lipid

levels in a global population of patients with T2DM and hyper-

lipidaemia or mixed dyslipidaemia. Of note, unlike post hoc and

pooled analyses of evolocumab in patients with T2DM, this study

included patients with worse diabetes control at baseline

(e.g. elevated HbA1c). Approximately 50% of the patients in BERSON

were enrolled at centres in China; a prespecified analysis of the effi-

cacy and safety of evolocumab in the China population is reported by

Chen at al.25

2 | METHODS

2.1 | Study design and participants

BERSON (ClinicalTrials.gov, NCT02662569) was a 12-week,

randomised, double-blind, placebo-controlled, phase 3 study con-

ducted at 98 centres in 10 countries (Argentina, Brazil, Canada,

China, Colombia, France, Republic of Korea, Russian Federation,

Turkey, and the United States). This global study was designed to

recruit one half of its patients from China. The design and rationale

of the study have been described in detail previously.26 The primary

objective of the study was to evaluate the efficacy versus placebo

of 12 weeks of subcutaneous evolocumab administered every

2 weeks (Q2W) or monthly (QM) combined with oral atorvastatin

20 mg once daily (QD) on the percentage change from baseline in

LDL-C level.

Eligible patients were ≥18 to ≤80 years of age with T2DM, were

receiving stable pharmacological therapy for diabetes for ≥6 months,

and had HbA1c ≤10% and fasting triglycerides ≤4.5 mmol/L

(≤400 mg/dL). Patients on statin therapy at screening were required

to have an LDL-C of ≥2.6 mmol/L (≥100 mg/dL); those not on statin

therapy at screening were required to have an LDL-C of ≥3.4 mmol/L

(≥130 mg/dL). Lipid-lowering therapy status had to be unchanged for

≥4 weeks before LDL-C screening. Key exclusion criteria were medical

contraindications to receiving 20 mg atorvastatin; New York Heart

Association (NYHA) III or IV heart failure; myocardial infarction, unsta-

ble angina, percutaneous coronary intervention, coronary artery

bypass graft, or stroke within 6 months before randomization; eGFR

<30 mL/min/1.73m2 at screening. Full exclusion criteria are provided

in Supporting Information Table S1.

2.2 | Ethics

This study was conducted in accordance with the guidelines on good

clinical practice and with ethical standards for human experimentation

established by the Declaration of Helsinki. An independent 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 monitoring com-

mittee (DMC) periodically reviewed study data, and analyses for the

DMC were provided by an independent biostatistical group. All

patients provided written, informed consent before participation.

2.3 | Randomization and study procedures

After undergoing screening procedures, including laboratory assess-

ments and a single screening placebo injection with auto-injector

(AI/Pen), eligible patients underwent a lipid stabilization period of up

to 8 weeks with oral atorvastatin 20 mg QD; all other lipid-lowering

therapies were discontinued before initiating atorvastatin 20 mg

QD. Patients were then randomised 2:2:1:1 to receive subcutaneous

evolocumab 140 mg Q2W, evolocumab 420 mg QM, placebo Q2W,

or placebo QM for 12 weeks. These doses of evolocumab are the

approved and commercially available doses for the treatment of adults

with primary hypercholesterolaemia or mixed dyslipidaemia and adults

with established ASCVD.27,28 Given that approximately half of the

patients were recruited at centres in China, atorvastatin 20 mg QD

was selected for the study based on Chinese dyslipidaemia guidelines

and the anticipated LDL-C response in Chinese patients.29,30 Justifica-

tion for the study length was described previously.26 The last dose of

evolocumab or placebo was administered at week 8 for QM patients

and week 10 for Q2W patients. The final study visit was at week

12 for QM patients and by telephone follow-up at week 14 for Q2W

patients.

Randomization was based on a computer-generated randomiza-

tion sequence with an interactive voice response system and was

stratified by entry statin therapy (no statin use vs. non-intensive statin

use) and the study centre's geographic region. Treatment assignment

was blinded to the sponsor study team, investigators, site staff, and

patients throughout the study.

1456 LORENZATTI ET AL.

http://clinicaltrials.gov


2.4 | Study assessments

The assessment of fasting levels of lipids [total cholesterol, LDL-C,

triglycerides, very low-density lipoprotein cholesterol (VLDL-C), non-

high-density lipoprotein cholesterol (non-HDL-C), and high-density

lipoprotein cholesterol (HDL-C)] were collected at screening, at the

end of lipid stabilization, and at study visits on day 1 and at weeks

2, 8, 10, and 12. Apolipoprotein B100 (ApoB100) was measured on

day 1 and at weeks 10 and 12. Blood chemistry, including fasting

serum glucose (FSG; GLUC3, Roche, Basel, Switzerland), was

assessed at screening, at the end of lipid stabilization, and at study

visits on day 1 and at weeks 8 and 12. HbA1c was assessed at

screening and at week 12 (VARIANT II; Bio-Rad, Hercules, CA, USA).

Lipid variables were assessed by a central laboratory; results of the

lipid panel and lipoproteins were not reported to the investigator or

sponsor study team postscreening and remained blinded until

unblinding of the clinical database. Investigators and site staff could

not perform lipid panels until 12 weeks after a patient's last dose of

evolocumab or end of study, whichever occurred later. Serum lipids

and ApoB100 were measured by Medpace (Cincinnati, Ohio; Leuven,

Belgium).31 For all analyses related to LDL-C, unless specified other-

wise, a reflexive approach was used where the calculated LDL-C

based on the Friedewald equation was used unless the calculated

LDL-C was <1.0 mmol/L (40 mg/dL) or triglycerides were

>4.5 mmol/L (400 mg/dL), in which case preparative ultracentrifuga-

tion LDL-C was performed. FSG and HbA1c were assessed as part of

chemistry by Q2 Solutions (Valencia, California; Livingston, UK).

Adverse events (AEs) were coded using the Medical Dictionary

for Regulatory Activities, version 20.1. Blood samples for the assess-

ment of antievolocumab antibodies were assayed on day 1 and at

week 12.32

2.5 | Statistics

The co-primary endpoints 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 baseline in non-HDL-C, ApoB100,

total cholesterol, triglycerides, HDL-C, VLDL-C, and achievement of

target LDL-C < 1.8 mmol/L (70 mg/dL). Safety endpoints included

patient incidence of treatment-emergent AEs, laboratory values, and

the incidence of binding and neutralizing antievolocumab antibodies.

A sample size of 900 (300 per evolocumab regimen and 150 per

placebo regimen) was expected to provide ≥98% power to detect

a ≥ 35% reduction in LDL-C in both evolocumab groups compared

with placebo, assuming a common standard deviation (SD) of 20%,

that 2% of patients would not be treated, and after accounting for an

estimated 15% study drug discontinuation rate.

Efficacy and safety were assessed for all randomised patients

who received ≥1 dose of study drug [full analysis set (FAS)]; an addi-

tional pre-specified subgroup analysis was performed for patients

who were randomised at study centres in China. The efficacy of

evolocumab was compared with placebo at the co-primary endpoints

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

of weeks 10 and 12), and the efficacy of continuous co-secondary

endpoints were compared using repeated-measures linear mixed-

effects models, which included terms for treatment group, stratifica-

tion factors [statin therapy at study entry (none vs. non-intensive

vs. intensive), the site's geographic region (China, Republic of Korea,

or other country)], scheduled visit, and the interaction of treatment

with the scheduled visit. Analyses for the co-primary and co-

secondary endpoints were adjusted for multiplicity to preserve the

FIGURE 1 Patient enrolment and disposition
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family-wise error rate at 0.05.33 Baseline covariates included stratifi-

cation factors, age, sex, race, baseline LDL-C, family history of prema-

ture coronary heart disease, baseline PCSK9, body mass index,

hypertension, current smoker, ≥2 baseline CHD risk factors, and tri-

glycerides. The co-secondary endpoint of LDL-C target achievement

was assessed using the Cochran–Mantel–Haenszel test adjusted by

the stratification factors. Safety assessments were summarized

descriptively.

3 | RESULTS

3.1 | Patients

The study was conducted from 14 April 2016 through 6 December

2017. Of the 2494 patients screened, 986 were randomised

(Figure 1), 981 received at least one dose of study drug (the FAS), and

934 (94.7%) completed treatment. Atorvastatin 20 mg/d was initiated

in 984 patients, and 943 (95.6%) completed treatment.

Demographics and baseline clinical characteristics were generally

balanced between the evolocumab and placebo groups (Table 1).

Most patients (57.3%) were female, and the mean age was 61.3 years.

As anticipated, approximately half (49.9%) of patients were Asian,

with 45.9% of patients enrolled at centres in China. Baseline lipid vari-

ables were generally consistent between treatment groups (Table 1).

The mean (SD) serum concentration of LDL-C at baseline was 2.4

(0.9) mmol/L. Median HbA1c, FSG, and insulin use at baseline were

imbalanced between the evolocumab and placebo groups [median

(Q1, Q3) HbA1c, 7.1% (6.4, 8.2) vs. 6.9% (6.2, 7.9); median FSG, 7.4

(6.1, 9.2) vs. 7.0 (5.9, 8.6) mmol/L; insulin use, 32.1% vs. 28.1%).

3.2 | Efficacy

Compared with placebo, evolocumab treatment reduced LDL-C by a

least-squares mean of 71.8% (95% CI, −77.6 to −65.9; P < 0.0001)

with Q2W dosing and 64.9% (−70.0 to 59.9; adjusted P < 0.0001)

with QM dosing at week 12, and by 70.3% (−75.4 to −65.2; adjusted

P < 0.0001) with Q2W dosing and 70.0% (−74.7 to −63.4; adjusted

P < 0.0001) with QM dosing at the mean of weeks 10 and 12 (Table 2).

The treatment effect in LDL-C by scheduled visits and treatment

groups for Q2W and QM regimens is shown in Figure 2. LDL-C con-

centrations were reduced to below 70 mg/dL (1.8 mmol/L) in 88%

and 90% of patients in the evolocumab Q2W and QM groups, respec-

tively, at week 12, and in 90% and 91% of patients in the evolocumab

Q2W and QM groups, respectively, at the mean of weeks 10 and

12 (Table 2). Subgroup analyses of the co-primary endpoints showed

TABLE 1 Demographics and baseline characteristics and lipid values

Characteristics

Placebo Evolocumab

(n = 324) (n = 657)

Baseline demographics

Median age (range), y 62 (35-80) 62 (33-80)

Sex, n (%)

Female 195 (60.2) 367 (55.9)

Race, n (%)

Asian 160 (49.4) 330 (50.2)

White 139 (42.9) 278 (42.3)

Black 13 (4.0) 29 (4.4)

Other 12 (3.4) 20 (3.0)

Baseline clinical characteristics

Mean systolic blood pressure (SD),
mmHg

130.4 (13.9) 129.8 (13.6)

Mean body mass index (SD), kg/m2 28.3 (5.6) 28.5 (5.3)

Mean waist circumference (SD), cm 96.6 (13.3) 97.3 (12.2)

Statin therapy, n (%) 186 (57.4) 374 (56.9)

Intensive statin usea 14 (4.3) 36 (5.5)

Non-intensive statin useb 172 (53.1) 338 (51.4)

Hypertension, n (%) 239 (73.8) 478 (72.8)

Cerebrovascular or peripheral
arterial disease, n (%)

91 (28.1) 180 (27.4)

Coronary artery disease, n (%) 97 (29.9) 191 (29.1)

Baseline diabetes-related
medication use, n (%)

323 (99.7) 654 (99.5)

Alpha-glucosidase inhibitors 36 (11.1) 110 (16.7)

Biguanides 223 (68.8) 454 (69.1)

Dipeptidyl peptidase-4 inhibitors 32 (9.9) 56 (8.5)

Glucagon-like peptide-1 receptor
agonists

5 (1.5) 7 (1.1)

Insulin 91 (28.1) 211 (32.1)

Meglitinides 12 (3.7) 31 (4.7)

Sodium-glucose co-transporter-2
inhibitors

10 (3.1) 19 (2.9)

Sulfonylureas 120 (37.0) 223 (33.9)

Thiazolidinediones 14 (4.3) 19 (2.9)

Other 3 (0.9) 11 (1.7)

Mean baseline lipid values (SD)

LDL-C, mmol/L 2.4 (0.8) 2.4 (0.9)

Non − HDL-C, mmol/L 3.1 (1.0) 3.1 (1.0)

ApoB100, g/L 0.83 (0.23) 0.85 (0.22)

Total cholesterol, mmol/L 4.3 (1.0) 4.4 (1.0)

Triglycerides, mmol/L 1.6 (1.4) 1.6 (0.7)

HDL-C, mmol/L 1.3 (0.4) 1.2 (0.3)

VLDL-C, mmol/L 0.72 (0.40) 0.73 (0.33)

Lp(a), nmol/L 69.4 (93.6) 69.4 (94.3)

TABLE 1 (Continued)

Characteristics

Placebo Evolocumab

(n = 324) (n = 657)

Median baseline glucose metabolism
measures (Q1, Q3)

HbA1c, % 6.9 (6.2, 7.9) 7.1 (6.4, 8.2)

Fasting serum glucose, mmol/L 7.0 (5.9, 8.6) 7.4 (6.1, 9.2)

Abbreviations: ACC/AHA, American College of Cardiology/American
Heart Association; ApoB100, apolipoprotein B100; HDL-C, high-density
lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; Lp(a),
lipoprotein (a); SD, standard deviation; VLDL-C, very low-density lipopro-
tein cholesterol.
aPatient had at least one of the following recorded for the last 4 weeks
before screening: atorvastatin ≥40 mg QD; rosuvastatin ≥20 mg QD; sim-
vastatin ≥80 mg QD [simvastatin 80 mg QD is not approved in some
countries (e.g. United States)]; and any statin (atorvastatin, fluvastatin, lov-
astatin, pitavastatin, pravastatin, rosuvastatin, and simvastatin) QD plus
ezetimibe.
bPatient had been taking any dose of a statin at least weekly for the last
4 weeks before screening and was not included in the intensive statin
usage.
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treatment effects that were consistent with those observed in the

global study population.

Changes from baseline in secondary lipid variables are summa-

rized in Table 2. Treatment with evolocumab, compared with placebo,

similarly resulted in statistically significant improvements in non-HDL-

C from baseline to week 12 (Q2W, −61.6%, adjusted P < 0.0001; QM,

−54.2%, adjusted P < 0.0001) and to the mean of weeks 10 and

12 (Q2W, −60.9%, adjusted P < 0.0001; QM, −59.4%, adjusted

P < 0.0001; Figure 3). Treatment with evolocumab also resulted in sig-

nificant improvements in ApoB100, triglycerides, Lp(a), and HDL-C.

3.3 | Safety and immunogenicity

The overall incidence of AEs was similar between patients who

received evolocumab and placebo, with 288 (43.8%) and 138 (42.6%)

patients, respectively, having an AE (Table 3). Most were grade 1 (pla-

cebo, 13.6%; evolocumab, 14.0%) or 2 (placebo, 23.5%; evolocumab,

21.9%). The most common AEs in the evolocumab group were diabetes

mellitus (describing exacerbation or worsening of pre-existing diabe-

tes), upper respiratory tract infection, nasopharyngitis, and

hypertension.

A majority of diabetes mellitus AEs were mild in severity (grade

1 or 2) and were managed with medication and/or diet and exercise

counselling. Study drug treatment was not withdrawn or discontinued

for any patient with an AE of diabetes mellitus. No meaningful

changes from baseline in glycaemic variables occurred in either treat-

ment group during the study, as median (Q1, Q3) changes from base-

line to week 12 in HbA1c were 0.1% (−0.3, 0.6) in the evolocumab

group and 0.1% (−0.2, 0.5) in the placebo group, and median changes

from baseline to week 12 in FSG were 0.1 mmol/L (−0.7, 1.2) in the

evolocumab group and 0.1 mmol/L (−0.6, 0.9) in the placebo group

(Table 3).

Serious AEs (SAEs) occurred in 32 (4.9%) patients in the evolocumab

group and 11 (3.4%) patients in the placebo group. There were no single

SAEs reported in ≥1% of patients in either the evolocumab or placebo

groups. SAEs were considered not related to study drug by the investi-

gators, except for gastric ulcer (one patient, evolocumab) and lacunar

stroke (one patient, evolocumab). No deaths occurred during the study.

One patient in the evolocumab QM group tested positive for anti-

evolocumab binding antibodies at baseline; no patients tested positive

for binding or neutralizing antibodies during the study.

4 | DISCUSSION

BERSON is the largest (n = 986) dedicated T2DM study with a PCSK9

inhibitor to date. Treatment with evolocumab 140 mg Q2W and

420 mg QM, compared with placebo, with moderate intensity

TABLE 2 Efficacy results at week 12 and at the mean of weeks 10 and 12

Week 12 Mean of weeks 10 and 12

Variable
PBO Q2W
(n = 164)

EvoMab
140 mg Q2W
(n = 325)

PBO QM
(n = 160)

EvoMab
420 mg QM
(n = 332)

PBO Q2W
(n = 164)

EvoMab 140 mg
Q2W
(n = 325)

PBO QM
(n = 160)

EvoMab
420 mg QM
(n = 332)

LDL-C

n 148 288 150 295 157 312 155 320

Least squares mean
change from baseline
(SE), %

7.1 (3.7) −64.7 (3.2) 2.6 (3.4) −62.3 (3.0) 4.9 (3.5) −65.4 (3.1) 1.0 (3.3) −69.1 (3.0)

Mean change from
baseline, mmol/L

−0.01 −1.66 −0.19 −1.71 −0.05 −1.67 −0.23 −1.86

95% CI −0.22, 0.20 −1.84, −1.47 −0.40, 0.02 −1.90, −1.53 −0.26, 0.15 −1.86, −1.49 0.43, −0.02 −2.05, −1.68

Mean treatment
differencea (SE), %

— −71.8 (3.0) — −64.9 (2.6) — −70.3 (2.6) — −70.0 (2.4)

95% CI −77.6, −65.9 −70.0, −59.9 −75.4, −65.2 −74.7, −63.4

Adjusted P valueb < 0.0001 < 0.0001 < 0.0001 < 0.0001

Achievement of
1.8 mmol/L, n (%)

31 (20.9) 254 (88.2) 32 (21.3) 266 (90.2) 34 (21.7) 281 (90.1) 30 (19.4) 292 (91.3)

Least squares mean change from baseline for secondary endpoints (SE), %

Non-HDL-C 5.9 (3.2) −55.8 (2.8) 1.3 (3.0) −52.9 (2.7) 4.3 (3.1) −56.6 (2.7) 0.3 (3.0) −59.1 (2.6)

ApoB100 3.2 (3.4) −53.9 (3.1) −0.3 (3.0) −49.7 (2.8) 2.0 (3.3) −55.0 (3.1) −1.5 (3.0) −56.4 (2.7)

Total cholesterol 4.4 (2.4) −37.8 (2.1) 0.7 (2.2) −35.2 (2.0) 2.9 (2.3) −38.6 (2.0) −0.3 (2.2) −39.7 (2.0)

Lp(a) 26.5 (21.8) −35.9 (16.5) 7.5 (10.4) −37.9 (9.0) 16.9 (17.5) −38.6 (13.7) 8.5 (9.5) −52.3 (8.5)

Triglycerides 10.5 (5.4) −5.9 (4.8) 8.1 (4.6) −4.2 (4.1) 11.5 (5.3) −6.5 (4.7) 8.5 (4.5) −7.2 (4.0)

HDL-C 2.6 (2.3) 8.5 (2.0) 6.0 (2.2) 14.2 (2.0) 1.3 (2.2) 7.6 (2.0) 5.9 (2.1) 13.8 (1.9)

VLDL-C 8.6 (4.8) −14.2 (4.2) 7.5 (4.6) −9.5 (4.1) 9.6 (4.7) −17.6 (4.2) 7.9 (4.4) −16.1 (4.0)

Abbreviations: ApoB100, apolipoprotein B100; CI, confidence interval; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein choles-
terol; Lp(a), lipoprotein (a); SE, standard error; VLDL-C, very low-density lipoprotein cholesterol.
aTreatment difference is from the repeated measures linear effects model, which included treatment group, stratification factors, scheduled visit, and the
interaction of treatment with scheduled visit as covariates for all endpoints except LDL-C achievement.
bAdjusted P value is based on a combination of sequential testing, the Hochberg procedure, which is a fallback procedure to control the overall significance
level for all primary and secondary endpoints. Each individual adjusted P value is compared with 0.05 to determine statistical significance.
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background atorvastatin, led to significant reductions in LDL-C con-

centrations over 12 weeks. For diabetic patients with ASCVD or with-

out ASCVD and at least one additional risk factor, The American

Association of Clinical Endocrinologists/American College of Endocri-

nology and American Diabetes Association guidelines recommend the

addition of ezetimibe or a PSCK9 inhibitor when recommended LDL-C

levels (<1.8 mmol/L) are not achieved with maximally tolerated statin

therapy.11 In BERSON, evolocumab treatment allowed the vast major-

ity of patients to achieve LDL-C levels <1.8 mmol/L (Q2W, 88%-90%;

QM, 90%-91%). A mean absolute reduction in LDL-C of 1.62 and

1.64 mmol/L, Q2W and QM, respectively, was observed in the

evolocumab group versus the placebo group. In FOURIER, a mean

absolute reduction of 1.45 mmol/L at 48 weeks was associated with a

16% (95% CI, 4 to 26) risk reduction in the composite of cardiovascu-

lar death, myocardial infarction, or stroke, and the magnitude of the

risk reduction increased beyond the first year.34 Furthermore, robust

improvements in non-HDL-C and ApoB100 were observed with

evolocumab compared with placebo on background atorvastatin, both

targets for therapy in patients with T2DM and in whom the addition

of a non-statin therapy is recommended when desired levels are not

achieved with maximally tolerated statin therapy.11

The reductions in LDL-C and non-HDL-C observed in BERSON are

consistent with the results of the BANTING study (also a dedicated type

2 diabetes trial), as well as previous prespecified and post hoc

(DESCARTES) analyses of other phase 3 evolocumab studies. In the

12-week, randomised, double-blind phase 3 BANTING study, treatment

with evolocumab decreased LDL-C by 65% and non-HDL-C by 56%

versus placebo in patients with T2DM and hypercholesterolaemia or

mixed dyslipidaemia on background statin therapy.35 In a meta-analysis

of three 12-week phase 3 studies of patients with hypercholesteraemia

and T2DM, evolocumab reduced LDL-C by 60% and non-HDL-C by

55% compared with placebo.36 Similar results were observed in a post

hoc analysis by baseline glycaemic status from the 52-week DES-

CARTES study in patients with hypercholesterolemia.18 In the

prespecified analysis of patients with (n = 11 031) and without

(n = 16 533) diabetes from the long-term FOURIER cardiovascular out-

comes study, significant reductions in LDL-C and other atherogenic

lipids have also been observed with evolocumab combined with statin
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therapy (almost 70% on high-intensity and 30% on moderate inten-

sity).24 Of note, the LDL-C lowering effect significantly reduced cardio-

vascular risk with similar efficacy in patients with and without diabetes;

however, because of the higher baseline risk, the absolute risk reduction

was greater in patients with diabetes.24 Likewise, significant LDL-C and

non-HDL-C reductions were seen after 24 weeks of treatment with the

PCSK9 inhibitor alirocumab in patients with T2DM.37,38

In this study, evolocumab combined with moderate intensity ator-

vastatin was well tolerated and the overall incidence of AEs was con-

sistent with previous reports.35,36 The imbalance in AEs of diabetes in

the evolocumab group was not surprising given that, at baseline, insu-

lin use was higher and glycaemic control was worse in the evolocumab

group than in the placebo group, as evidenced by the greater baseline

median HbA1c and FPG levels. In the BANTING study, where FSG,

HbA1c, and insulin use were balanced between groups, no difference

in diabetes AEs was observed (placebo, 3.5%; evolocumab, 2.9%).35

Because there were no established criteria for reporting diabetes as

an AE in BERSON, a more meaningful assessment of the effect of

evolocumab on glucose homeostasis is the review of HbA1c and FSG.

Notably, no changes from baseline in HbA1c or FSG were observed

during the study in either treatment group. These results are similar to

those of previous double-blind phase 3 studies and open-label exten-

sion studies in which treatment with evolocumab had no notable

effect on measures of glycaemic control in patients with or without

diabetes.24,39–41 Likewise, an open-label study and two pooled ana-

lyses of ODYSSEY phase 3 studies showed that treatment with

alirocumab had no notable effect on measures of glycaemic control

(HbA1c or FPG) in patients with or without diabetes.37,42,43 In a sys-

tematic review and meta-analysis including 18 randomised studies

with evolocumab or alirocumab in patients without diabetes (n = 26,

123), there was no difference in new-onset diabetes, fasting glucose,

or HbA1c between patients who received a PCSK9 inhibitor

(alirocumab or evolocumab) versus control.44

The limitations of this study include the 12-week duration for the

assessment of safety, the sustained LDL-C lowering effect, and the rela-

tively small number of patients (n = 981) enrolled. However, consistent

efficacy and safety data have been shown in patients with T2DM in

post hoc and prespecified analyses of evolocumab with a larger sample

size and/or longer follow-up.18,24,36 An additional limitation is the use of

a non-intensive statin (atorvastatin 20 mg/d), which represents standard

practice in China, is more conservative than that used in other regions,

and limits the comparison of these results with other global studies.

BERSON is the largest dedicated evolocumab clinical study in

patients with T2DM and the results from this randomised, double-

blind study supplement the data already available from a prespecified

subgroup analysis of the large cardiovascular outcomes FOURIER

study, as well as other post hoc and prespecified analyses of patients

with diabetes from phase 3 studies.
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In conclusion, the results of BERSON showed that in patients

with T2DM with hyperlipidaemia or mixed dyslipidaemia, evolocumab

on background atorvastatin significantly reduced LDL-C, allowed the

vast majority of patients to achieve LDL-C levels <1.8 mmol/L, and

significantly improved other atherogenic lipid variables. Evolocumab

had no notable effect on measures of glycaemic control and was safe

and well tolerated.
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