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ABSTRACT

BACKGROUND

Lorcaserin, a selective serotonin 2C receptor agonist that modulates appetite, has
proven efficacy for weight management in overweight or obese patients. The cardio-
vascular safety and efficacy of lorcaserin are undefined.

METHODS

We randomly assigned 12,000 overweight or obese patients with atherosclerotic
cardiovascular disease or multiple cardiovascular risk factors to receive either lor-
caserin (10 mg twice daily) or placebo. The primary safety outcome of major car-
diovascular events (a composite of cardiovascular death, myocardial infarction, or
stroke) was assessed at an interim analysis to exclude a noninferiority boundary of
1.4. If noninferiority was met, the primary cardiovascular efficacy outcome (a com-
posite of major cardiovascular events, heart failure, hospitalization for unstable
angina, or coronary revascularization [extended major cardiovascular events]) was
assessed for superiority at the end of the trial.

RESULTS

At 1 year, weight loss of at least 5% had occurred in 1986 of 5135 patients (38.7%)
in the lorcaserin group and in 883 of 5083 (17.4%) in the placebo group (odds ratio,
3.01; 95% confidence interval [CI], 2.74 to 3.30; P<0.001). Patients in the lorcaserin
group had slightly better values with respect to cardiac risk factors (including blood
pressure, heart rate, glycemic control, and lipids) than those in the placebo group.
During a median follow-up of 3.3 years, the rate of the primary safety outcome
was 2.0% per year in the lorcaserin group and 2.1% per year in the placebo group
(hazard ratio, 0.99; 95% CI, 0.85 to 1.14; P<0.001 for noninferiority); the rate of ex-
tended major cardiovascular events was 4.1% per year and 4.2% per year, respectively
(hazard ratio, 0.97; 95% CI, 0.87 to 1.07; P=0.55). Adverse events of special interest
were uncommon, and the rates were generally similar in the two groups, except
for a higher number of patients with serious hypoglycemia in the lorcaserin group
(13 vs. 4, P=0.04).

CONCLUSIONS

In a high-risk population of overweight or obese patients, lorcaserin facilitated sus-
tained weight loss without a higher rate of major cardiovascular events than that
with placebo. (Funded by Eisai; CAMELLIA-TIMI 61 ClinicalTrials.gov number,
NCT02019264.)

N ENGL ) MED NEJM.ORG

The New England Journal of Medicine

The authors’ full names, academic de-
grees, and affiliations are listed in the Ap-
pendix. Address reprint requests to Dr.
Bohula at the TIMI Study Group, Cardio-
vascular Division, Brigham and Women'’s
Hospital, 60 Fenwood Rd., Suite 7022,
Boston, MA 02115, or at ebohulall@
bwh.harvard.edu.

*A complete list of the CAMELLIA-TIMI
61 steering committee members and in-
vestigators is provided in the Supplemen-
tary Appendix, available at NEJM.org.

Drs. Bohula and Wiviott and Drs. Saba-
tine and Scirica contributed equally to
this article.

This article was published on August 26,
2018, at NEJM.org.

DOI: 10.1056/NEJM0al808721
Copyright © 2018 Massachusetts Medical Society.

Downloaded from nejm.org by GUIXIANG ZHENG on August 27, 2018. For personal use only. No other uses without permission.

Copyright © 2018 Massachusetts Medical Society. All rights reserved.



The NEW ENGLAND JOURNAL of MEDICINE

HE PREVALENCE OF OBESITY HAS NEAR-

ly tripled during the past 40 years world-

wide.! As of 2016, 13% of adults globally
were obese, with rates as high as 40% in several
countries, including the United States.? (Obesity
is defined as a body-mass index [BMI, the weight
in kilograms divided by the square of the height in
meters] of >30.) An additional 39% of adults world-
wide are overweight (BMI, 25 to 29).! Obesity is
associated with the development and progression
of multiple coexisting complications, including
hypertension, dyslipidemia, type 2 diabetes, cor-
onary artery disease, stroke, and heart failure, as
well as a risk of death from any cause.**

Weight-loss guidelines recommend the use of
pharmacologic agents as adjuncts to lifestyle mod-
ification for long-term weight management in
some patients.*” However, no pharmacologic strat-
egy has yet shown cardiovascular safety or benefit.
Indeed, several agents have precipitated various
cardiovascular or neuropsychiatric complications,
which has led to their removal from markets by
regulatory agencies and left clinicians without a
pharmacologic weight-loss agent with proven car-
diovascular safety.81
Lorcaserin is a selective agonist of the 5-hydroxy-

tryptamine 2C serotonin receptor (5-HT2C), which
regulates appetite through hypothalamic activa-
tion of the anorexigenic proopiomelanocortin
(POMC) pathway.'! On the basis of findings in
weight-loss trials, lorcaserin was approved by the
Food and Drug Administration (FDA) as an ad-
junct to a reduced-calorie diet and increased physi-
cal activity for long-term weight management.!**
In the CAMELLIA-TIMI 61 (Cardiovascular and
Metabolic Effects of Lorcaserin in Overweight and
Obese Patients—Thrombolysis in Myocardial Infarc-
tion 61) trial, we investigated the long-term cardio-
vascular and metabolic safety and efficacy of
lorcaserin in obese or overweight patients with
established atherosclerotic cardiovascular dis-
ease or multiple cardiovascular risk factors.

METHODS

TRIAL DESIGN AND OVERSIGHT

CAMELLIA-TIMI 61 was a randomized, double-
blind, placebo-controlled, multinational clinical
trial in which patients at 473 sites in eight coun-
tries underwent randomization. The trial was de-
signed by the TIMI Study Group in conjunction
with the executive committee and the trial sponsor
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and funder, Eisai.”® The protocol and its amend-
ments (available with the full text of this article
at NEJM.org) were approved by the relevant ethics
committee at each participating site. The spon-
sor was responsible for data collection. The raw
database was provided to the TIMI Study Group,
which conducted all the analyses for this report.
The first author wrote the initial draft of the
manuscript, and all the coauthors participated in
subsequent revisions. The authors from the TIMI
Study Group assume responsibility for the accuracy
and completeness of the data and all the analyses,
as well as for the fidelity of the trial to the proto-
col. We encourage parties interested in collabora-
tion and data sharing to contact the correspond-
ing author directly.

POPULATION

Eligible patients were obese or overweight with
a BMI of at least 27, along with either established
atherosclerotic cardiovascular disease or multiple
cardiovascular risk factors.” Full eligibility criteria
and definitions are provided in the Supplementary
Appendix, available at NEJM.org. Written informed
consent was obtained from all the patients.

TRIAL PROCEDURES

Eligible patients were randomly assigned in a 1:1
ratio to receive either lorcaserin (10 mg twice daily)
or placebo in a blinded fashion until the end of the
follow-up period. Randomization was stratified
according to cardiovascular disease status (estab-
lished cardiovascular disease or multiple cardiovas-
cular risk factors only). Additional trial procedures
are described in the Supplementary Appendix.’®

All the patients were provided access to and
were encouraged to participate in a standardized
weight-management program, which consisted of
intensive, multicomponent behavior therapy that
included dietary and exercise information. Patients
also had unlimited access to a registered dietitian
by telephone.

We prespecified the conduct of an echocardio-
graphic substudy involving at least 4000 patients,
which would include the evaluation of the devel-
opment or progression of pulmonary hyperten-
sion or FDA-defined valvulopathy, as seen on se-
rial, centrally read echocardiography. FDA-defined
valvulopathy is categorized as mild or worse aor-
tic regurgitation or moderate or worse mitral re-
gurgitation. (Details about the substudy are pro-
vided in the Supplementary Appendix.)
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PRIMARY AND SECONDARY OUTCOMES

The primary safety outcome was major cardiovas-
cular events (a composite of cardiovascular death,
myocardial infarction, or stroke). The primary
cardiovascular efficacy outcome was a compos-
ite of cardiovascular death, myocardial infarction,
stroke, hospitalization for unstable angina, heart
failure, or any coronary revascularization (extended
major cardiovascular events). New-onset diabetes
in patients with prediabetes at baseline was a key
secondary efficacy outcome. Other prespecified
safety outcomes and their definitions are described
in the Supplementary Appendix. A central clinical
events adjudication committee, whose members
were unaware of the trial-group assignments,
adjudicated all primary and key secondary safety
and efficacy outcomes.

STATISTICAL ANALYSIS
We used a two-step procedure in which the pri-
mary assessment was for cardiovascular safety,
followed by an assessment of cardiovascular ef-
ficacy. The primary cardiovascular safety assess-
ment for the noninferiority of lorcaserin versus
placebo was conducted at an interim analysis
after the prespecified number of events had ac-
crued. If the criteria for noninferiority were met,
the trial was to continue to assess for superior-
ity of lorcaserin over placebo with respect to ex-
tended major cardiovascular events (i.e., including
heart failure, hospitalization for unstable angi-
na, or coronary revascularization) at the end of
the trial.®® We estimated that 460 primary safety
outcome events would be required to provide a
power of approximately 95% to rule out the FDA-
defined noninferiority margin of 1.4 for lorcase-
rin versus placebo, using the upper boundary of
the one-sided 97.5% confidence interval. We es-
timated that 1401 extended major cardiovascular
events would be required to provide a power of
at least 85% to detect a reduction of 15% in the
relative risk of extended major cardiovascular
events with lorcaserin as compared with placebo.
We performed all primary cardiovascular safe-
ty analyses and all efficacy analyses in the total
population using the intention-to-treat method,
with a sensitivity analysis that included events that
had occurred while patients were receiving the as-
signed intervention. Other safety analyses were
conducted in the safety population, which included
patients who had received at least one dose of a
trial agent and had undergone at least one post-
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dose safety assessment, and included events that
had occurred during the intervention period. We
calculated hazard ratios, 95% confidence intervals,
and P values for time-to-event analyses using a Cox
proportional-hazards model with the stratifica-
tion factor as a covariate. Additional statistical
procedures are described in the Supplementary
Appendix.

RESULTS

CHARACTERISTICS OF THE PATIENTS

From January 2014 through November 2015, a
total of 12,000 patients underwent randomiza-
tion. The median follow-up period was 3.3 years
(interquartile range, 3.0 to 3.5). The patients’ base-
line characteristics were well balanced between the
two groups (Table 1). Overall, the median age was
64 years, 64.2% of the patients were male, and
the median BMI was 35. Patients had a high bur-
den of coexisting conditions, including diabetes
(in 56.8% of the patients), hypertension (90.4%),
hyperlipidemia (93.6%), and chronic kidney dis-
ease (19.0%). A total of 8958 patients (74.7%) had
established atherosclerotic cardiovascular disease.
The baseline characteristics according to cardio-
vascular disease status are provided in Table S1
in the Supplementary Appendix.

The rate of premature discontinuation of a
trial agent was 12.0% per year in the lorcaserin
group (2248 of 6000 patients over a median of
3.3 years of follow-up) and 12.7% per year in the
placebo group (2363 of 6000). The majority of
premature discontinuations were due to patient
choice unrelated to an adverse event (Table S2 in
the Supplementary Appendix). The rate of with-
drawal of consent was 0.6% per year (116 of 6000
patients) in the lorcaserin group and 0.7% per
year (139 of 6000) in the placebo group; the rates
of loss to follow-up were 0.2% per year (42 of 6000)
and 0.3% per year (50 of 6000), respectively (Fig. S1
in the Supplementary Appendix). A final vital sta-
tus was known for 97.4% of the patients.

EFFECT OF LORCASERIN ON WEIGHT

In a pooled analysis of the two trial groups, the
median weight at baseline was 102.0 kg (interquar-
tile range, 90.0 to 116.2). At 1 year, the least-
squares mean change in weight from baseline
was —4.2 kg in the lorcaserin group and —-1.4 kg
in the placebo group, for a between-group differ-
ence of 2.8 kg (P<0.001) (Fig. 1A). At 1 year, weight
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Table 1. Characteristics of the Patients at Baseline.*
Lorcaserin Placebo
Characteristic (N=6000) (N=6000)
Median age (IQR) — yr 64 (58-69) 64 (58-69)
Male sex — no. (%) 3888 (64.8) 3814 (63.6)
White race — no. (%) 5309 (88.5) 5331 (88.9)
Median weight (IQR) — kg 102 (90-116) 102 (90-116)
Body-mass indexi:
Median (IQR) 35 (32-39) 35 (32-39)
Distribution — no. (%)
<30 793 (13.2) 782 (13.0)
30 to <40 3866 (64.4) 3889 (64.8)
>40 1341 (22.4) 1329 (22.2)
Region — no. (%)
North America 4882 (81.4) 4910 (31.8)
Europe 498 (8.3) 487 (8.1)
Central or South America 182 (3.0) 190 (3.2)
Asia Pacific 438 (7.3) 413 (6.9)
Coexisting condition
Hypertension — no. (%) 5414 (90.2) 5434 (90.6)
Hyperlipidemia — no. (%) 5616 (93.6) 5613 (93.6)
Estimated glomerular filtration rate <60 ml/min/1.73 m? — 1149/5996 (19.2) 1208/5995 (20.2)
no./total no. (%)§
Urine albumin-to-creatinine ratio 230 mg/g — no./no. total (%) 1103/5988 (18.4) 1175/5993 (19.6)
High-sensitivity C-reactive protein >3 mg/liter — no./no. total (%) 2277/5985 (38.0) 2363/5982 (39.5)
Prediabetes — no. (%)9 2015 (33.6) 1976 (32.9)
Diabetes — no. (%) 3385 (56.4) 3431 (57.2)
Cardiovascular condition
Multiple cardiovascular risk factors — no. (%) 1512 (25.2) 1530 (25.5)
Established cardiovascular disease — no. (%) 4488 (74.8) 4470 (74.5)
Coronary artery disease — no. (%) 4096 (68.3) 4057 (67.6)
Myocardial infarction — no. (%) 2374 (39.6) 2398 (40.0)
Coronary revascularization — no. (%) 3661 (61.0) 3636 (60.6)
Peripheral artery disease — no./total no. (%) 339/5999 (5.7) 318/5997 (5.3)
Cerebrovascular disease — no. (%) 547 (9.1) 583 (9.7)
Medication — no. (%)
Any serotonergic medication|| 1349 (22.5) 1377 (23.0)
Aspirin 4529 (75.5) 4518 (75.3)
Beta-blocker 3804 (63.4) 3741 (62.4)
ACE inhibitor or ARB 4477 (74.6) 4529 (75.5)
Statin 5123 (85.4) 5129 (85.5)
Ezetimibe 473 (7.9) 466 (7.8)

* There were no significant differences between the two groups in baseline characteristics. ACE denotes angiotensin-con-
verting enzyme, ARB angiotensin Il receptor blocker, and IQR interquartile range.

T Race was reported by the investigators.

I The body-mass index is the weight in kilograms divided by the square of the height in meters.

§ The glomerular filtration rate was estimated by means of the Chronic Kidney Disease—Epidemiology Collaboration
(CKD-EPI) equation.

9 Definitions for glycemic subgroups are provided in the Supplementary Appendix.

| Classes of agents that are considered to be serotonergic according to the trial protocol are listed in the Supplementary
Appendix.
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loss of at least 5% had occurred in 1986 of 5135
patients (38.7%) in the lorcaserin group and in
883 of 5083 (17.4%) in the placebo group; weight
loss of at least 10% had occurred in 748 of 5135
patients (14.6%) and in 243 of 5083 (4.8%), respec-
tively (P<0.001 for both comparisons) (Fig. 1B).

Although the between-group difference in
weight loss was largest at approximately 1 year,
the difference remained significant through 40
months, with a change from baseline of —4.0 kg
(95% confidence interval [CI], —4.3 to —3.8) with
lorcaserin and —2.1 kg (95% CI, 2.3 to —1.8) with
placebo, for a between-group difference of 1.9 kg
(95% CI, 2.3 to —1.6; P<0.001). At 1 year, patients
in the lorcaserin group had a greater reduction
from baseline in BMI and waist circumference
than those in the placebo group (Table S3 in the
Supplementary Appendix).

EFFECT ON OTHER CARDIOVASCULAR RISK FACTORS

At 1 year, the rates of several cardiovascular and
metabolic risk factors were slightly lower in the
lorcaserin group than in the placebo group, in-
cluding systolic blood pressure (between-group
difference, —0.9 mm Hg), diastolic blood pres-
sure (difference, —0.8 mm Hg), heart rate (differ-
ence, —1.0 beat per minute), low-density lipopro-
tein cholesterol (difference, —1.2 mg per deciliter
[0.03 mmol per liter]), triglycerides (difference,
—11.7 mg per deciliter [0.13 mmol per liter]), non—
high-density lipoprotein cholesterol (difference,
—2.6 mg per deciliter [0.07 mmol per liter]), and
glycated hemoglobin (difference, —0.2% in the en-
tire population; —0.3% in patients with diabetes
at baseline) (Table S3 in the Supplementary Ap-
pendix). Among the patients who had prediabetes
at baseline, new-onset diabetes was diagnosed in
172 of 2015 patients (8.5%, or 3.1% per year) in
the lorcaserin group and in 204 of 1976 patients
(10.3%, or 3.8% per year) in the placebo group
(Table 2).

CARDIOVASCULAR SAFETY AND EFFICACY

At the time of trial completion, major cardiovas-
cular events had occurred in 364 patients (6.1%,
or 2.0% per year) in the lorcaserin group and 369
(6.2%, or 2.1% per year) in the placebo group
(hazard ratio, 0.99; 95% CI, 0.85 to 1.14; P<0.001
for noninferiority) (Fig. 2A). Similar results were
seen at the time of the interim analysis (Table 2)
and at trial completion in the as-treated analysis
(Table S4 in the Supplementary Appendix).
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A Weight Loss
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B Weight Loss of 5% or 210% from Baseline
M Lorcaserin
Odds ratio, 3.01 (95% Cl, 2.74-3.30)

P<0.001
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Figure 1. Weight Loss.
Panel A shows the change in weight from baseline (as least-squares

the placebo group).

The primary efficacy outcome of extended ma-

jor cardiovascular events occurred in 707 patients

(11.8%, or 4.1% per year) in the lorcaserin group
and in 727 (12.1%, or 4.2% per year) in the pla-
cebo group (hazard ratio, 0.97; 95% CI, 0.87 to
1.07; P=0.55 for superiority) (Fig. 2B). Individual
components of the composite outcome are shown
in Table 2. The results were consistent with respect
to cardiovascular safety and efficacy in pre-
specified subgroups (Figs. S3 and S4 in the Sup-
plementary Appendix).

ADDITIONAL SAFETY ASSESSMENTS
No significant between-group differences were
seen in the overall incidence of serious adverse
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Odds ratio, 3.40 (95% Cl, 2.92-3.95)

means) among patients in the lorcaserin group and the placebo group.

I bars indicate 95% confidence intervals. Panel B shows the percentage
of patients with weight loss of at least 5% or at least 10% from baseline
at 1 year in the lorcaserin group and the placebo group. The analyses in-
cluded all the patients for whom data regarding weight were available at
baseline and at 1 year (5135 patients in the lorcaserin group and 5083 in
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Table 2. Primary and Other Outcomes.*

Outcome

Primary safety outcomet

Extended major cardiovascular event:
Cardiovascular death
Myocardial infarction
Stroke
Heart failure
Unstable angina
Coronary revascularization
Other outcomes
Death from any cause

New-onset diabetes§

Lorcaserin Placebo
(N=6000) (N=6000)
no. of annual no. of annual
patients (%) rate (%) patients (%) rate (%)
Major cardiovascular event at interim analysis 242 (4.0) NA 241 (4.0) NA
Major cardiovascular event at trial completion 364 (6.1) 2.0 369 (6.2) 2.1
Primary cardiovascular efficacy outcome
707 (11.8) 41 727 (12.1) 42
90 (1.5) 05 36 (1.4) 05
225 (3.8) 1.2 227 (3.8) 1.3
34 (1.4) 05 98 (1.6) 05
143 (2.4) 0.3 150 (2.5) 0.8
92 (1.5) 05 79 (1.3) 0.4
408 (6.8) 2.3 414 (6.9) 2.3
219 (3.7) 1.2 202 (3.4) 11
172 (8.5) 3.1 204 (10.3) 3.8

Hazard Ratio
(95% Cl)

1.01 (0.84-1.20)
0.99 (0.85-1.14)

0.97 (0.87-1.07)
1.04 (0.78-1.40)
0.99 (0.82-1.19)
0.86 (0.64-1.15)
0.95 (0.76-1.20)
1.16 (0.86-1.57)
0.98 (0.86-1.12)

1.08 (0.89-1.31)
0.81 (0.66-0.99)

* The primary analyses were performed in the intention-to-treat population. NA denotes not applicable.
7 The primary safety outcome was a composite of major cardiovascular events (cardiovascular death, myocardial infarction, or stroke)
(P<0.001 for noninferiority at the interim analysis; P<0.001 for noninferiority and 0.85 for superiority at trial completion).

i The primary cardiovascular efficacy outcome (extended major cardiovascular events) was a composite of cardiovascular death, myocardial

infarction, stroke, hospitalization for unstable angina, heart failure, or any coronary revascularization (P=0.55 for superiority).
§ All the patients in this category (2015 in the lorcaserin group and 1976 in the placebo group) had prediabetes at baseline.

events (Table 3). Adverse events that were deemed
by investigators to be possibly related to a trial
agent and leading to discontinuation of lorcase-
rin or placebo were more frequent in the lorca-
serin group than in the placebo group (in 433 of
5995 patients [7.2%] vs. 220 of 5992 [3.7%]). The
most commonly reported adverse events leading
to discontinuation in the lorcaserin group were
dizziness, fatigue, headache, diarrhea, and nausea
(Table 3). The occurrence of prespecified adverse
events of special interest was low (<1% for most
events). Suicidal ideation or behavior was reported
in 21 patients (0.4%) in the lorcaserin group and
11 patients (0.2%) in the placebo group (P=0.08);
the numerical imbalance in suicidal ideation or
behavior appeared to be restricted to patients
with depression at baseline (in 15 patients [1.2%)]
and 6 patients [0.5%)], respectively; P=0.06). There
were no deaths by suicide. Hypoglycemia occurred
in 232 patients (3.9%) in the lorcaserin group and
202 (3.4%) in the placebo group (P=0.14) (Ta-
ble 3). Severe hypoglycemia with serious compli-
cations (i.e., that required hospitalization, were
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life-threatening or disabling, or resulted in death)
was rare but more common with lorcaserin than
with placebo (in 13 patients [0.2%] vs. 4 patients
[0.1%]), with the imbalance restricted to hypo-
glycemia requiring hospitalization (11 patients vs.
2 patients). All but 1 event occurred in patients
with diabetes who were receiving insulin or a sul-
fonylurea at baseline (12 vs. 4 events, P=0.054).

ECHOCARDIOGRAPHIC SUBSTUDY

Among the 3270 patients for whom echocardio-
graphic data were available at baseline and at 1 year,
new or worsening FDA-defined valvulopathy had
occurred in 30 of 1624 patients (1.8%) in the lor-
caserin group and in 22 of 1646 (1.3%) in the
placebo group (P=0.24) (Table 3). The nonsignifi-
cant numerical imbalance between the groups was
due to more patients in the lorcaserin group than
in the placebo group with new-onset, mild aortic-
valve insufficiency (23 patients vs. 15 patients).
None of the patients with valvulopathy were symp-
tomatic, were hospitalized, or required valve re-
placement or repair. Findings were similar in a
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sensitivity analysis with the use of multiple im-

. . . . A Major Cardi lar Event:
putation that included all 4318 patients in the ajor Fardiovasedar Everts

echocardiographic substudy (see the Supplemen- 122: 3: Hazard ratio, 0.99 (95% Cl, 0.85-1.14) Placebo
tary Appendix). S sl 6 P<0.001 for noninferiority
In the total population of 12,000 patients, g 0l Lorcaserin
symptomatic valvular heart disease of any type was R ::
diagnosed in 58 patients in the lorcaserin group E s0d 2
and in 64 in the placebo group. Of these patients, 2 w0d
20 in the lorcaserin group and 23 in the placebo é 0ol ° 0 6 12 18 24 30 136
group met the specific FDA-defined criteria for S 201
valvulopathy. 10+ B -
The change in pulmonary artery systolic pres- 0 — T — T
sure at 1 year was similar in the two groups (least- 0 ° 2 _18 24 . % %
squares mean change, —1.0 mm Hg [95% CI, —1.4 ) Months since Randomization
to —0.5] with lorcaserin and —0.7 mm Hg [95% ClI, ::;:;OR'S" 6000 5314 se14 4003
—1.1 to —0.3] with placebo; P=0.32). At 1 year, Lorcaserin 6000 5816 5623 4041
new or worsening pulmonary hypertension oc-
curred in 13 of 813 patients (1.6%) in the lorca- | B Extended Major Cardiovascular Events
serin group and in 8 of 825 (1.0%) in the placebo 1007 159 azard ratio, 0.97 (35% C1, 0.87-1.07) Placebo
group (P=0.26). Two patients in each group had = 90 P=0.55 for superiority
symptoms leading to mild limitation in activity; % 807 104 Lorcaserin
the remainder of patients were asymptomatic. Pul- s 72_
monary vasodilator therapy for pulmonary hyper- -§ so: 57
tension was not initiated in any of the patients, g 404
and none of the patients were hospitalized. 5 4] 0 ! T S A
E
3 201
DISCUSSION 10 -
O—T— T T T T T
Lorcaserin was previously shown to be efficacious 0 6 12 13 2 30 36
for weight loss, which led to approval by the FDA Months since Randomization
for long-term weight management in obese or | No.atRisk
overweight patients who had at least one weight- f(')a;:ts"e’rm gggg gg;g zigg g;g;

related coexisting condition.’*™ In addition to

observing persistent weight loss with an extended
duration of use of lorcaserin, we found that the
drug also met the FDA-mandated criteria for car-
diovascular safety.

In previous studies, patients who received lorca-
serin had 3 to 4% greater weight loss than those
who received placebo, with a larger proportion
of patients in the lorcaserin group with weight
loss of at least 5% or at least 10% at 1 year.!*™
In our trial, treatment with lorcaserin along with

Figure 2. Major Adverse Cardiovascular Outcomes.

Shown are the cumulative incidences of the primary safety outcome of
major cardiovascular events (a composite of cardiovascular death, myocar-
dial infarction, or stroke) (Panel A) and the primary cardiovascular efficacy
outcome of major cardiovascular events plus hospitalization for unstable
angina, heart failure, or coronary revascularization (extended major cardio-
vascular events) (Panel B) among patients in the lorcaserin group and the
placebo group. The insets show the data on an expanded y axis. The haz-
ard ratios are for noninferiority of lorcaserin regarding major cardiovascu-
lar events and for superiority of lorcaserin regarding extended major car-
diovascular events.

lifestyle interventions resulted in a net mean
weight loss of 2.7% at 1 year and more than tripled

the odds of having a weight loss of at least 5%
or at least 10%, as compared with placebo. The
difference remained significant through 40 months
of follow-up. To put these findings in perspective,
lifestyle interventions typically result in a weight
loss of 2 to 10%; the rate is 2 to 10% with phar-
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macotherapy and a more durable 15 to 60% with
bariatric surgery.>*1%%

Associated with the described weight loss, we
observed reductions in triglyceride levels and in
dysglycemia, a finding that was consistent with
an overall picture of an improved metabolic pro-
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Table 3. Adverse Events.*

Lorcaserin Placebo Absolute Risk Difference
Adverse Events (N=5995) (N=5992) (95% CI)7
percentage points
Any adverse event — no. (%)
Serious adverse event 1882 (31.39) 1931 (32.23) -0.84 (-2.50 t0 0.83)

Adverse event possibly caused by trial agent and 433 (7.22) 220 (3.67) 3.55 (2.75 to 4.37)
leading to discontinuation:

Dizziness 80 (1.33) 16 (0.27) 1.06 (0.76 to 1.32)
Fatigue 67 (1.12) 6 (0.10) 1.02 (0.76 to 1.32)
Headache 7 (0.62) 15 (0.25) 0.37 (0.14 0 0.62)
Nausea 6 (0.60) 19 (0.32) 0.28 (0.04 to 0.54)
Diarrhea 27 (0.45) 17 (0.28) 0.17 (-0.05 to 0.40)

Adverse event of special interest — no. (%)

Any cancer 215 (3.59) 210 (3.50) 0.09 (-0.58 to 0.75)

Ductal carcinoma in situ 3 (0.05) 2 (0.03) 0.02 (-0.08 to 0.12)

Fibroadenoma 4(0.07) 1 (0.02) 0.05 (-0.03 to 0.16)

Euphoria 5 (0.08) 1(0.02) 0.06 (-0.02 to 0.18)

Psychosis 16 (0.27) 12 (0.20) 0.07 (-0.11 to 0.25)

Suicidal ideation or behavior 21 (0.35) 11 (0.18) 0.17 (-0.02 to 0.37)

Death by suicide 0 0 NA

Serotonin syndrome 3 (0.05) 3 (0.05) 0.00 (-0.10 to 0.10)

Priapism 1 (0.02) 3 (0.05) -0.03 (~0.13 t0 0.05)

Other adverse event — no. (%)

Any hypoglycemia§ 232 (3.87) 202 (3.37) 0.50 (-0.17 to 1.17)
Mild 97 (1.62) 90 (1 50) 0.12 (-0.33 t0 0.57)
Moderate 100 (1.67) 3 (1.55) 0.12 (-0.34 t0 0.57)
Severe 22 (0.37) 5 (0.25) 0.12 (0.09 to 0.33)
Severe with serious complications€ 3(0.22) 4 (0.07) 0.15 (0.02 to 0.31)

Requiring hospitalization 11 (0.18) 2 (0.03)
Life-threatening or disabling 2 (0.03) 2 (0.03)
Leading to death 0 0

Echocardiographic substudy — no./total no. (%) |

New or worsening FDA-defined valvulopathy at 1yr ~ 30/1624 (1.85) 22/1646 (1.34) 0.51 (-0.36 to 1.42)

New or worsening pulmonary hypertension at 1 yr 13/813 (1.60) 8/825 (0.97) 0.63 (-0.50 to 1.86)

* Events were measured in the safety population while the patients were receiving the trial agents. The 95% confidence
intervals were calculated with the use of the Miettinen—Nurminen method. FDA denotes Food and Drug
Administration, and NA not applicable.

The difference is for the percentage in the lorcaserin group minus the percentage in the placebo group.

i Listed are adverse events that were most common in the lorcaserin group and that were determined by the investiga-
tors to be possibly caused by lorcaserin, which led to the discontinuation of the trial agent.

Hypoglycemia was reported as the most severe event and most serious complication on a per-patient basis in the total
safety population (i.e., patients with and those without a baseline history of diabetes).

9 Other categories for the severity of hypoglycemia are provided in the Supplementary Appendix.

| Listed are events in patients for whom data were available at baseline and at 1 year.
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file. In addition, there were slightly lower values for
heart rate and blood pressure than with placebo.
In contrast, most other weight-loss agents cause an
increase in heart rate and, in some instances, blood
pressure.’®2° The appetite suppressant sibutramine,
a norepinephrine and serotonin-reuptake inhibi-
tor, was associated with measures of heart rate
and blood pressure, as well as with rates of stroke
and myocardial infarction, that were higher than
those with placebo, findings that resulted in the
removal of the drug from the market.’

The experience with other weight-loss drugs
has also been challenging owing to unacceptable
safety profiles. Peripheral activation of the 2B sero-
tonin receptor subtypes (SHT-2BR) on cardiovascu-
lar tissues by fenfluramine and its derivatives
resulted in the relatively rapid development of
pulmonary hypertension and valvular heart dis-
ease.’! Blockade of the endocannabinoid recep-
tor with rimonabant was safe from a cardiovas-
cular perspective but resulted in unacceptably high
rates of serious, neuropsychiatric side effects.?
Counterbalancing these serious safety concerns
is the scope of the obesity epidemic. Thus, the
FDA has allowed approval of weight-loss agents
contingent on the ability to rule out an increased
risk of adverse cardiovascular outcomes in a dedi-
cated postmarketing safety trial.?

In our trial, lorcaserin was not associated with
any increase in cardiovascular risk among pa-
tients at high cardiovascular risk. However, there
was no significant between-group difference in
major adverse cardiovascular outcomes in the over-
all population. Indeed, no other specific lifestyle or
pharmacologic weight-loss strategy has yet to re-
sult in a reduction in cardiovascular events. The
antidiabetic medication liraglutide, a GLP-1 recep-
tor agonist, was associated with a reduction in
the rate of major cardiovascular events, including
death, in patients with type 2 diabetes who re-
ceived the daily dose of 1.8 mg that was approved
for glucose lowering. However, the cardiovascu-
lar safety and efficacy of the higher weight-loss
dose (3.0 mg daily) has not been assessed to date.®
Observational studies of bariatric surgery, which
has resulted in a much better rate of sustained
weight loss than pharmacologic or lifestyle-mod-
ification strategies, have also shown an associa-
tion with lower rates of death, myocardial infarc-
tion, stroke, and heart failure during 10 to 20 years

N ENGL J MED

of follow-up. However, no randomized trials of
bariatric strategies that have been completed to
date have had the statistical power to assess ma-
jor adverse cardiovascular events.?!:242¢

It is possible that weight loss alone does not
have an effect on the risk of major adverse cardio-
vascular events or that the more modest weight
reductions that are typically observed with phar-
macologic or lifestyle strategies must be sustained
for an extended period to lower cardiovascular
risk. However, in the Look AHEAD (Action for
Health in Diabetes) trial, intensive lifestyle inter-
ventions, as compared with the standard of care,
did not alter the risk of cardiovascular events
among obese patients with diabetes over a 10-year
follow-up period.”

In our trial, the most commonly reported ad-
verse events that were ascribed to lorcaserin and
that led to treatment discontinuation were dizzi-
ness, fatigue, headache, diarrhea, and nausea, all
of which have been reported in previous trials.>*
Hypoglycemia has been previously observed to be
more frequent in patients with diabetes receiving
lorcaserin than in those receiving placebo. In our
trial, severe hypoglycemia with serious complica-
tions was significantly more common in the lor-
caserin group than in the placebo group, with all
but one event occurring in patients with diabetes
who were receiving insulin or a sulfonylurea.™

Lorcaserin has minimal cross-reactivity with
other serotonin-receptor subtypes and does not
alter the release or metabolism of serotonin; thus,
it is not considered to pose a clinically important
risk of adverse events such as the serotonin syn-
drome, pulmonary hypertension, or valvulopa-
thy.?®?% Patients in the lorcaserin group had a
numerical, but not significant, imbalance in FDA-
defined valvulopathy and pulmonary hypertension.
Since the overall event rates were low, we cannot
rule out a rate of new or worsening valvulopathy
that was 0.4% lower or 1.4% higher with lorca-
serin than with placebo at 1 year, along with a rate
of new or worsening pulmonary hypertension that
was 0.5% lower or 1.9% higher. However, all
events of new or worsening valvulopathy that
were identified in the echocardiographic substudy
at 1 year were subclinical. In contrast, patients
who had toxic effects associated with fenflura-
mine—phentermine presented with symptomatic
valvular heart disease at an average of 1 year after
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the initiation of therapy.® Moreover, in the full
cohort of 12,000 patients who were followed for a
median of 3.3 years in our trial, there was no
imbalance in symptomatic cases of FDA-defined
valvulopathy. In terms of incident pulmonary hy-
pertension, all but 4 patients (2 in each group)
were asymptomatic. We are not able to comment
on the safety profile beyond the period studied.
In conclusion, among overweight or obese pa-
tients with atherosclerotic cardiovascular disease
or multiple cardiovascular risk factors who were

being treated with dietary and exercise interven-
tions, those who received lorcaserin had better
long-term rates of weight loss than those who re-
ceived placebo at a median follow-up of 3.3 years.
The higher weight-loss rates were achieved without
an accompanying increase in the risk of cardiovas-
cular events.
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