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Abstract

Background Since US FDA approval in 2014, apremilast has consistently demonstrated a favorable benefit-risk profile in
706,585 patients (557,379 patient-years of exposure) worldwide across approved indications of plaque psoriasis, psoriatic
arthritis, and Behget’s syndrome; however, long-term exposure across these indications has not been reported.

Objective The aim of this study was to conduct a pooled analysis of apremilast data from 15 clinical studies with open-label
extension phases, focusing on long-term safety.

Methods We analyzed longer-term safety and tolerability of apremilast 30 mg twice daily across three indications for up to 5
years, focusing on adverse events of special interest, including thrombotic events, malignancies, major adverse cardiac events
(MACE), serious infections, and depression. Data were pooled across 15 randomized, placebo-controlled studies and divided
into placebo-controlled or all-apremilast-exposure groups. Treatment-emergent adverse events (TEAEs) were assessed.
Results Overall, 4183 patients were exposed to apremilast (6788 patient-years). Most TEAEs were mild to moderate in the
placebo-controlled period (96.6%) and throughout all apremilast exposure (91.6%). TEAE rates of special interest were
similar between treatment groups in the placebo-controlled period and remained low throughout all apremilast exposure.
Exposure-adjusted incidence rates per 100 patient-years during all apremilast exposure were MACE, 0.30; thrombotic events,
0.10; malignancies, 1.0; serious infections, 1.10; serious opportunistic infections, 0.21; and depression, 1.78. Safety findings
were consistent across indications and regions. No new safety signals were identified.

Conclusions The incidence of serious TEAEs and TEAEs of special interest was low despite long-term exposure, further
establishing apremilast as a safe oral option for long-term use across indications with a favorable benefit-risk profile.
Clinical Trial Registration NCT00773734, NCT01194219, NCT01232283, NCT01690299, NCT01988103, NCT(02425826,
NCTO03123471, NCT03721172, NCT01172938, NCT01212757, NCT01212770, NCT01307423, NCT01925768,
NCTO00866359, NCT02307513.
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*Thrombotic events include deep vein thrombosis and pulmonary embolism.
TEAIR of nonmelanoma skin cancer was 0.48, and lymphomas was 0.03.

APR, apremilast; BID, twice daily; EAIR, exposure-adjusted incidence rate; MACE, major adverse cardiac event; PBO, placebo;
PsA, psoriatic arthritis; PsO, psoriasis; RCTs, randomized controlled trials; TEAE, treatment-emergent adverse event.
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Apremilast Long-Term Safety: A Pooled Analysis of 15 Randomized, Placebo-Controlled Studies 811

Apremilast has demonstrated a favorable benefit-risk
profile in 706,585 unique patients (557,379 patient-
years) worldwide.

This analysis further demonstrates that apremilast is
a safe, oral treatment option for long-term use up to 5
years in patients with psoriasis, psoriatic arthritis, or
Behcet’s syndrome.

1 Introduction

Apremilast is an oral phosphodiesterase 4 inhibitor that
regulates pro-inflammatory and anti-inflammatory media-
tors [1, 2]. As such, it is differentiated from some biologics
and the Janus kinase (JAK) inhibitor class of oral treatments,
which have been associated with increased risk of serious
cardiovascular events, cancer, venous thromboembolism,
and death [3]. Since apremilast received initial regulatory
approval in 2014, it is now approved in 56 countries, includ-
ing the United States, Japan, and the European Union. As
of 20 March 2022, 706,585 adults (557,379 patient-years)
worldwide have received apremilast for the treatment of
moderate-to-severe (approved for mild severity in certain
countries) plaque psoriasis, who are candidates for photo-
therapy or systemic therapy, have active psoriatic arthritis [1,
4, 5], or have oral ulcers associated with Behget’s syndrome
[1, 4]. Apremilast 30 mg twice daily has an established
safety and tolerability profile based on randomized, placebo-
controlled trials across multiple indications, but long-term
exposure across indications has not been reported [6—16].
Psoriasis, psoriatic arthritis, and Behget’s syndrome
are chronic inflammatory conditions requiring long-term
treatment [17, 18]. Understanding the long-term effects of
apremilast treatment in these populations can help physi-
cians assess the risks and benefits of treatments and inform
treatment decisions in clinical practice. Moreover, there
is increasing interest in the potential relationship between
therapies for psoriatic disease and specific safety events such
as major adverse cardiovascular events (MACE), malignan-
cies, thrombotic events, and serious opportunistic infections.
To analyze the long-term safety and tolerability of apre-
milast 30 mg twice daily across indications, 15 randomized,
placebo-controlled studies were pooled and analyzed, includ-
ing more than 4000 patients who were treated with apremilast
30 mg twice daily and assessed for up to 5 years. This analy-
sis focused on the most frequently observed adverse events

(AEs), as well as AEs of special interest, including MACE,
malignancies, serious infections, serious opportunistic infec-
tions, thrombotic events, and depression.

2 Methods
2.1 Study Designs and Patients

All studies included in this pooled analysis were conducted
in accordance with the general ethical principles outlined in
the Declaration of Helsinki and principles of Good Clinical
Practice per the International Council for Harmonisation
Guidelines and local regulations.

Data were pooled across 15 randomized, double-blind,
placebo-controlled studies of apremilast for the treatment
of adults with mild-to-moderate or moderate-to-severe
plaque psoriasis (eight studies), psoriatic arthritis meeting
the Classification Criteria for Psoriatic Arthritis (CASPAR;
five studies), and Behget’s syndrome meeting the Interna-
tional Study Group (ISG) criteria (two studies) [Online
Resource 1]. Patients received oral apremilast 30 mg twice
daily or placebo during the short-term placebo-controlled
periods (12-, 16-, or 24-week duration), followed by long-
term extension periods up to Week 260 during which all
patients received apremilast 30 mg twice daily (Online
Resource 1). Patients were dose-titrated over the first week
of treatment. Relevant eligibility criteria are presented in
Online Resource 1. The main exclusion criteria included
having clinically significant cardiac, pulmonary, neurologic,
psychiatric, hepatic, renal, hematologic, or immunologic dis-
ease, other major uncontrolled disease, or any condition that
may confound the ability to interpret data or place the patient
at unacceptable risk.

2.2 Pooled Safety Analyses

Across studies, data were pooled for randomized patients
who received one or more doses of apremilast for the
placebo-controlled phase. Apremilast-exposure analysis
included all patients who were randomized at baseline,
switched from placebo at early escape, or switched at the
end of the placebo-controlled phase to apremilast 30 mg
twice daily and received one or more doses of apremilast.
Safety assessments included treatment-emergent AEs
(TEAES), defined as AEs with a start date on or after the
date of the first dose of study drug and no later than 28 days
after the last dose of study drug. AEs were coded using the
Medical Dictionary for Regulatory Activities (MedDRA)
version 23.1. TEAEs of special interest included throm-
botic events (deep vein thrombosis, pulmonary embolism),
malignancies, MACE (based on a prespecified preferred
term search from the AE database, defined as myocardial
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infarction, acute myocardial infarction, cerebrovascular
accident, cerebral infarction, brain stem stroke, hemor-
rhagic stroke, or ischemic stroke), serious infections (based
on System Organ Class Infections and Infestations from the
AE database), suicidal ideation/behavior, and depression.
Each patient was counted once for each event. Safety data
were summarized using descriptive statistics and exposure-
adjusted incidence rate (EAIR) per 100 patient-years (100
times the number of patients reporting the event divided
by patient-years within the phase, up to the first event start
date for patients reporting the event). A subgroup analysis
was conducted of TEAEs stratified by regions of the world.
Statistical summaries were produced using SAS version 9.4
(SAS Institute Inc., Cary, NC, USA).

3 Results

The pooled analysis included 4763 patients, including 2676
patients initially randomized to apremilast 30 mg twice daily
and 2087 initially randomized to placebo.

This population includes patients from studies of plaque
psoriasis (n = 2881), psoriatic arthritis (n = 1564), and
Behget’s syndrome (n = 318). Primary reasons for dis-
continuation in the placebo-controlled period included
AEs (n = 200 [4.2%]), withdrawal by the patient (n = 179
[3.8%]), lost to follow-up (r = 97 [2.0%]), and lack of effi-
cacy (n = 82 [1.7%]) [Online Resource 2].

During the placebo-controlled periods, 2673 patients
were exposed to apremilast and 2084 patients were exposed
to placebo. Total exposure was 848.8 patient-years for
apremilast 30 mg twice daily and 622.2 patient-years for
placebo. The mean duration of total exposure to treatments
during the placebo-controlled periods was 16.1 weeks
(apremilast: 16.6; placebo: 15.6). Overall, 4183 patients
were exposed to apremilast. Overall exposure was 6788.0
patient-years, and mean treatment duration was 84.7 weeks
(Table 1). Primary reasons for discontinuation during apre-
milast exposure (Week 0 to Week 260) were lack of efficacy
(n = 678 [16.2%]; 10.0/100 patient-years), withdrawal by
the patient (n = 603 [14.4%]; 8.9/100 patient-years), AE
(n =387 [9.3%]; 5.7/100 patient-years), and lost to follow-
up (n =231 [5.5%]; 3.4/100 patient-years).

Baseline demographics and clinical characteristics were
generally comparable in the pooled apremilast and pla-
cebo groups (Table 2). Mean age was 47.4 years, 44.2% of
patients were women, 86.5% were White, and more than
half (59.2%) were in North America (Table 2). Patients’
medical histories subdivided by psoriasis, psoriatic arthri-
tis, and Behget’s syndrome indications are shown in Online
Resource 3; among the most common historical diagnoses
were hypertension, gastroesophageal reflux disease, hyper-
cholesterolemia, hyperlipidemia, and depression.
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3.1 Common Treatment-Emergent Adverse Events

During the placebo-controlled period, 1780/2673 patients
(66.6%) in the apremilast group and 1113/2084 (53.4%) in
the placebo group reported one or more TEAEs (Table 3).
The most common TEAEs (in > 5% of patients in either
group) during the placebo-controlled period were diarrhea,
nausea, upper respiratory tract infection, nasopharyngitis,
and headache (Table 3). Gastrointestinal TEAEs (includ-
ing diarrhea or nausea) began mostly within the first 1-2
weeks of apremilast treatment and usually resolved within
30 days. Most TEAEs of diarrhea, nausea, and vomiting
were mild or moderate; < 0.3% of patients who reported
these gastrointestinal events experienced severe events.
Rates of TEAEs, including the most common TEAEs,
during the apremilast-exposure period are presented in
Table 3, and by year during the apremilast-exposure period
in Online Resource 4. Most TEAEs were mild to moder-
ate in both the placebo-controlled (96.6%) and apremilast-
exposure (91.6%) periods.

3.2 Serious TEAEs

The incidence of serious TEAEs was low and similar in
the apremilast and placebo groups during the placebo-
controlled period (Table 4). Serious TEAEs (in two or
more patients in the apremilast or placebo groups) during
the placebo-controlled period were abdominal pain, acute
pancreatitis, angina pectoris, atrial fibrillation, Behget’s
syndrome manifestations, congestive cardiac failure,
cholelithiasis, hypertensive crisis, noncardiac chest pain,
pneumonia, pregnancy, psoriatic arthropathy, and syncope
(Table 4). Rates of serious TEAEs during the apremilast-
exposure period are presented in Table 4, and by year dur-
ing the apremilast-exposure period in Online Resource 5.
Rates of serious TEAEs remained low across apremilast-
exposure periods. Three deaths occurred during the pla-
cebo-controlled period (apremilast: n = 1; placebo: n = 2),
and nine deaths occurred throughout all apremilast expo-
sure, including the death during the placebo-controlled
period. An additional death occurred 4 months after the
last study dose and was not treatment-emergent. Descrip-
tions of deaths that occurred during the study (e.g., indi-
cation, relatedness to study drug) are provided in Online
Resource 6. One death that occurred was suspected by
the investigator to be related to apremilast; a 30-year-old
woman experienced lung congestion and bilateral edema
consistent with cardiac failure on Day 111 of the placebo-
controlled period after being treated with apremilast for
104 days.
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Table 1 Treatment duration

Placebo-controlled period Placebo Apremilast
[n =2087] 30 mg bid
[n=2676]
Treatment duration, weeks [mean (SD)] 15.6 (4.9) 16.6 (5.7)
Exposure category [n (%)]
> 1 day 2086 (100.0) 2672 (99.9)
> 4 weeks 2004 (96.0) 2551 (95.3)
> 8 weeks 1908 (91.4) 2458 (91.9)
> 12 weeks 1818 (87.1) 2356 (88.0)
> 16 weeks 1314 (63.0) 1772 (66.2)
> 20 weeks 275 (13.2) 677 (25.3)
> 24 weeks 197 (9.4) 459 (17.2)
Apremilast-exposure period Apremilast 30
mg bid
[n=4183]
Treatment duration, weeks [mean (SD)] 84.7 (85.3)

Exposure category [n (%)]
> 1 day
> 4 weeks
> 8 weeks
> 12 weeks
> 16 weeks
> 24 weeks
> 32 weeks
> 52 weeks
> 104 weeks
> 156 weeks
> 208 weeks
Up to 260 weeks

4183 (100.0)
4027 (96.3)
3890 (93.0)
3782 (90.4)
3577 (85.5)
3159 (75.5)
2797 (66.9)
2020 (48.3)
1110 (26.5)
848 (20.3)
719 (17.2)
252 (6.0)

Treatment duration is the time interval between the date of the first dose of apremilast 30 mg bid and the date of the last dose of apremilast 30
mg bid, inclusive. For patients re-randomized to placebo at Week 32, the duration was the sum of the treatment duration up to Week 32 inclusive
plus the duration after patients switched from placebo to apremilast 30 mg bid

bid twice daily, SD standard deviation

3.3 TEAEs Leading to Study Discontinuation

Few TEAEs led to study discontinuation in the apremilast
and placebo groups during the placebo-controlled period
(Online Resource 7). The rates of TEAEs leading to dis-
continuation during the apremilast-exposure period are
presented by year in Online Resource 7. TEAEs leading to
discontinuation of five or more patients in the apremilast or
placebo groups during the placebo-controlled period were
nausea, diarrhea, vomiting, upper abdominal pain, fatigue,
headache, dizziness, migraine, depression, psoriasis, and
Behget’s syndrome (Online Resource 7). Throughout all
apremilast exposure, TEAEs leading to discontinuation in
>30 patients were diarrhea, nausea, and headache.

3.4 TEAEs of Special Interest

TEAEs of special interest during the placebo-controlled
period and all apremilast exposure are shown in Table 5.
Incidence of all events was low and similar between groups.
In the placebo-controlled period, MACE occurred in 0.1% of
patients in both the apremilast and placebo groups; similarly,
serious opportunistic infections were reported in 0.1% of
both apremilast and placebo patients (Table 5). Malignancies
(apremilast: 0.3%; placebo: 0.4%), serious infections (apre-
milast: 0.3%; placebo: 0.4%), and thrombotic events (apre-
milast: < 0.1%; placebo: 0.0%) occurred at low rates during
the placebo-controlled period. Rates remained low through-
out all apremilast exposure (Table 5). Rates of depression
were low, but slightly higher in apremilast patients (pla-
cebo-controlled period: [apremilast: 1.4%; placebo: 0.6%];
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Table 2 Baseline patient demographics and clinical characteristics

Placebo [n = 2087] Apremilast 30
mg bid
[n =2676]
Age, years [mean (SD)] 47.5 (13.4) 47.3 (13.5)
Male [n (%)] 1154 (55.3) 1506 (56.3)
Race [n (%)]
American Indian or Alaska native 10 (0.5) 14 (0.5)
Asian 198 (9.5) 220 (8.2)
Black or African American 44 (2.1) 77 (2.9)
Native Hawaiian or other Pacific Islander 7(0.3) 11 (0.4)
White 1801 (86.3) 2318 (86.6)
Other 18 (0.9) 27 (1.0)
Not collected or unknown 7(0.3) 9(0.3)
Missing 2 (<0.1) 0(0)
Region [n (%)]
North America 1163 (55.7) 1659 (62.0)
Europe 496 (23.8) 571 (21.3)
Rest of the world 428 (20.5) 446 (16.7)
Weight, kg [mean (SD)] 86.8 (22.0) 85.1(22.2)
BMI, kg/m? [mean (SD)] 30.0 (6.9) 30.1 (6.8)
Psoriasis clinical features® Placebo Apremilast
[n=1147] 30 mg bid
[n=1734]
Duration of plaque psoriasis, years [mean (SD)] 17.4 (12.0) 18.3(12.4)
sPGA category [n (%)]
0 (clear) 0(0) 0(0)
1 (almost clear) 1(<0.1) 0(0)
2 (mild) 108 (9.4) 111 (6.4)
3 (moderate) 803 (70.0) 1253 (72.3)
> 4 (severe) 235 (20.5) 369 (21.3)
Missing 0(0) 1(<0.1)
Psoriasis-involved BSA, % [mean (SD)] 19.1 (15.2) 19.9 (14.9)
PASI [mean (SD)] 15.2 (8.6) 15.8 (8.1)
DLQI [mean (SD)] 10.6 (6.4) 11.0 (6.5)
PsA clinical features® Placebo Apremilast
[n=781] 30 mg bid
[n=783]
Duration of PsA, years [mean (SD)] 5.9 (6.9) 6.1 (7.1)
TIC (0-78) [mean (SD)] 19.6 (14.4) 20.7 (14.8)
SJC (0-76) [mean (SD)] 11.0 (7.6) 11.1 (8.0)
Patient Global Assessment of Disease Activity (0—100 mm VAS) [mean (SD)] 49.0 (26.3) 48.6 (26.6)
Physician Global Assessment of Disease Activity (0—100 mm VAS) [mean (SD)] 47.4 (24.2) 48.0 (24.3)
HAQ-DI score (0-3) [mean (SD)] 1.1 (0.6) 1.2 (0.6)
C-reactive protein, mg/dL [mean (SD)] 1.1 (1.8) 1.0 (1.4)
SF-36v2 Physical Functioning scale score (norm-based) [mean (SD)] 34.6 (10.5) 34.0 (10.6)
Disease Activity Score (DAS28) [mean (SD)] 4.7 (1.0) 4.7 (1.0)
Behget’s Syndrome Clinical Features® Placebo Apremilast
[n=159] 30 mg bid
[n=159]
Duration of Behget’s syndrome, years [mean (SD)] 6.6 (7.3) 6.1 (6.5)
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Table 2 (continued)

Behget’s Syndrome Clinical Features® Placebo Apremilast
[n=159] 30 mg bid
[n=159]
History of genital ulcers [n (%)] 139 (87.4) 146 (91.8)
History of skin lesions [# (%)] 155 (97.5) 155 (97.5)
History of arthralgia [n (%)] 109 (68.6) 99 (62.3)
History of arthritis [n (%)] 44 (27.7) 38 (23.9)

bid twice daily, BMI body mass index, BSA body surface area, DLQI Dermatology Life Quality Index, FAS full analysis set, HAQ-DI Health
Assessment Questionnaire-Disability Index, I7T intent to treat, PASI Psoriasis Area and Severity Index, PsA psoriatic arthritis, SF-36v2 36-Item
Short Form Survey version 2, SJ/C swollen joint count, sPGA static Physician Global Assessment, SD standard deviation, 7JC tender joint count,
VAS visual analog scale

# Includes PSOR-005, ESTEEM 1, ESTEEM 2, LIBERATE, PSOR-011, UNVEIL, ADVANCE, and STYLE

"Includes PALACE 1, PALACE 2, PALACE 3, PALACE 4, and ACTIVE. For PsA studies, the FAS population is selected, which is consistent
with the definition of ITT for psoriasis studies

‘Includes BCT-001 and RELIEF. Behget’s syndrome manifestations collected at the screening and randomization visits are summarized in this
table.

A total of 4183 patients were exposed to apremilast 30 mg bid for up to 260 weeks

Table 3 Overview of safety and commonly reported TEAEs

Placebo-controlled period All apremilast exposure

Placebo [n =2084] 622.2 patient-years ~ Apremilast 30 mg bid [n =2673] 848.8 Apremilast 30 mg bid [n = 4183]

patient-years 6788.0 patient-years
n (%) EAIR/100 patient- n (%) EAIR/100 patient- n (%) EAIR/100
years years patient-years

Any TEAE 1113 (53.4) 279.1 1780 (66.6) 433.5 3265 (78.1) 179.5
Common TEAEs (>5%

of patients)

Diarrhea 123 (5.9) 20.6 481 (18.0) 66.1 759 (18.1) 13.1

Nausea 115 (5.5) 19.1 432 (16.2) 58.5 665 (15.9) 11.3

Headache 121 (5.8) 20.2 282 (10.5) 36.0 470 (11.2) 7.6

URTI 96 (4.6) 15.8 178 (6.7) 21.7 537 (12.8) 9.0

Nasopharyngitis 93 (4.5) 15.3 153 (5.7) 18.6 491 (11.7) 8.1

Arthralgia 39 (1.9) 6.3 53 (2.0) 6.3 227 (5.4) 35

Hypertension 46 (2.2) 7.5 50 (1.9) 6.0 211 (5.0) 3.3

A TEAE is an adverse event with a start date on or after the date of the first dose of apremilast 30 mg bid and no later than 28 days after the
last dose of apremilast 30 mg bid. Each patient is counted once for each applicable category. Patient incidence is 100 times the number () of
patients reporting the event divided by () the number of patients with treatment duration less than or equal to the lower bound of the exposure
interval

bid twice daily, EAIR exposure-adjusted incidence rate, TEAESs treatment-emergent adverse events, URTI upper respiratory tract infection

all apremilast exposure: 2.8%) (Table 5). The incidence of  lower compared with placebo for malignancies (apremilast:
suicidal ideation/behavior was very low in both periods (pla- ~ 0.94; placebo: 1.45), serious infections (apremilast: 0.83;
cebo-controlled period: [apremilast: < 0.1%; placebo: 0.0%];  placebo: 1.45), and serious opportunistic infections (apre-
all apremilast exposure: 0.1%) (Table 5). EAIRs per 100 milast: 0.24; placebo: 0.48) (Table 5).

patient-years remained < 2 for every TEAE of special inter-

est throughout exposure, except depression in the apremilast

group during the placebo-controlled period (4.51), and were
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Table 4 Serious TEAEs

Placebo-controlled period

All apremilast exposure

Placebo [n =2084] 622.2 patient- Apremilast 30 mg bid [n = 2673] Apremilast 30 mg bid
years 848.8 patient-years [n =4183] 6788.0 patient-
years
n (%) EAIR/100 n (%) EAIR/100 n (%) EAIR/100
patient-years patient-years patient-years
Any serious TEAE 55(2.6) 8.9 58 (2.2) 6.9 392 (9.4) 6.20
Serious TEAEs (> 2 patients)
Abdominal pain 0(0) 0.0 2(0.1) 0.2 4(0.1) 0.06
Acute pancreatitis 2(0.1) 0.3 0(0) 0.0 4(0.1) 0.06
Angina pectoris 2(0.1) 0.3 1(<0.1) 0.1 7(0.2) 0.10
Atrial fibrillation 0(0) 0.0 2(0.1) 0.2 7(0.2) 0.10
Behget’s syndrome manifestations 2(0.1) 0.3 1(<0.1) 0.1 5(0.1) 0.07
Congestive cardiac failure 2(0.1) 0.3 0(0) 0.0 1(<0.1) 0.01
Cholelithiasis 1(<0.1) 0.2 2(0.1) 0.2 8(0.2) 0.12
Hypertensive crisis 2(0.1) 0.3 0(0) 0.0 1(<0.1) 0.01
Noncardiac chest pain 2(0.1) 0.3 0(0) 0.0 6 (0.1) 0.09
Pneumonia 2(0.1) 0.3 4(0.1) 0.5 12 (0.3) 0.18
Pregnancy 0(0) 0.0 2(0.1) 0.2 2(<0.1) 0.03
Psoriatic arthropathy 3(0.1) 0.5 2(0.1) 0.2 14 (0.3) 0.21
Syncope 2(0.1) 0.3 0(0) 0.0 2(<0.1) 0.03

A TEAE is an adverse event with a start date on or after the date of the first dose of apremilast 30 mg bid and no later than 28 days after the
last dose of apremilast 30 mg bid. Each patient is counted once for each applicable category. Patient incidence is 100 times the number (1) of
patients reporting the event divided by (/) the number of patients with treatment duration less than or equal to the lower bound of the exposure

interval.

bid twice daily, EAIR exposure-adjusted incidence rate, TEAESs treatment-emergent adverse events

3.5 Subgroup Analysis

Rates of TEAEs during the placebo-controlled period were
similar in Japan (apremilast: 55.8%; placebo: 48.1%) and
the rest of the world (apremilast: 66.1%; placebo: 58.2%).
During the apremilast-exposure period, overall rates of
TEAEs were similar in North America (75.5%), Europe
(82.4%), Japan (79.4%), and the rest of the world (82.4%).

Rates of TEAEs during apremilast exposure were
similar between patients with psoriasis (74.6%), psoriatic
arthritis (84.0%), or Behget’s syndrome (86.8%). Patients
with psoriatic arthritis had a slightly higher rate of seri-
ous TEAEs (16.5%) compared with patients with psoriasis
(6.4%) or Behget’s syndrome (8.0%).

4 Discussion

In this pooled, long-term analysis of 15 apremilast clini-
cal trials including > 4000 patients with 6788 patient-years
of apremilast exposure, apremilast 30 mg twice daily was
well tolerated in patients with plaque psoriasis, psoriatic
arthritis, or Behget’s syndrome. The pooled analyses in the
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placebo-controlled and apremilast-exposure periods dem-
onstrate that apremilast is well tolerated during short- and
long-term exposure. Rates of serious TEAEs remained low
throughout apremilast treatment. No new safety signals were
identified. These long-term results contribute to the known
safety profile of apremilast [6—16].

Psoriasis, psoriatic arthritis, and Behget’s syndrome
are chronic systemic diseases associated with comorbidi-
ties and increased risk of cardiovascular and thrombotic
events [19-22]. It is important to evaluate the long-term
safety of systemic treatments in patients who are at risk for
comorbid conditions. MACE incidence was low through-
out treatment and was nearly identical between groups in
the placebo-controlled period. This was consistent with the
low rates of MACE observed in a French cohort study of
patients with psoriatic arthritis treated with apremilast or a
biologic disease-modifying rheumatic agent, as well as in
the pooled analysis of the ESTEEM 1 and 2 trials in psoria-
sis patients [23, 24]. Similarly, our analysis was consistent
with published findings that MACE risk in patients treated
with apremilast was not significantly increased compared
with patients newly treated with tumor necrosis factor (TNF)
inhibitors [23]. Another cohort study found that patients
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Table 5 TEAE:s of special interest per 100 patient-years in the placebo-controlled period and up to Week 260 in all apremilast-exposed patients

TEAE:s of special interest Placebo-controlled period

All apremilast exposure

Placebo [n =2084] 622.2 patient-  Apremilast 30 mg bid [n = 2673] Apremilast 30 mg bid
years 848.8 patient-years [n =4183] 6788.0 patient-
years
n (%) EAIR/100 patient- n (%) EAIR/100 patient- n (%) EAIR/100
years years patient-years

Depression 12 (0.6) 1.94 38(1.4) 4.51 118 (2.8) 1.78
Suicidal ideation/behavior 0(0) 0.0 1(<0.1) 0.12 3(0.1) 0.04
MACE?* 2(0.1) 0.32 3(0.1) 0.35 20(0.5) 0.30
Malignancies 9(0.4) 1.45 8(0.3) 0.94 70 (1.7) 1.0
Nonmelanoma skin cancer 7(0.3) 1.13 6(0.2) 0.71 32 (0.8) 0.48
Lymphomas 0(0) 0.0 0(0) 0.0 2 (<0.1) 0.03
Serious infections® 9(0.4) 1.45 7(0.3) 0.83 74 (1.8) 1.10
Serious opportunistic infections 3(0.1) 0.48 2(0.1) 0.24 14 (0.3) 0.21
Thrombotic events® 0(0) 0.0 1(<0.1) 0.12 7(0.2) 0.10

A TEAE is an adverse event with a start date on or after the date of the first dose of apremilast 30 mg bid and no later than 28 days after the
last dose of apremilast 30 mg bid. Each patient is counted once for each applicable category. Patient incidence is 100 times the number (n) of
patients reporting the event divided by N, the number of subjects exposed to apremilast 30 mg bid. Patients started treatment with apremilast at
Week 0, Week 12, Week 16, or Week 24 depending on early escape and re-randomization in the respective studies

AE adverse event, bid twice daily, EAIR exposure-adjusted incidence rate, MACE major adverse cardiac event, TEAEs treatment-emergent

adverse events

Identified through medical review based on prespecified preferred term search from the AE database and defined as myocardial infarction, acute
myocardial infarction, cerebrovascular accident, cerebral infarction, brain stem stroke, hemorrhagic stroke, or ischemic stroke

®Identified through medical review based on System Organ Class Infections and Infestations from the AE database

“Defined as deep vein thrombosis or pulmonary embolism

with psoriatic arthritis who were treated with apremilast had
lower rates of myocardial infarction and stroke versus those
treated with TNF inhibitors or interleukin inhibitor biologics
[25]. This pooled analysis demonstrated that rates of other
TEAE:s of special interest, including malignancies, serious
infections, serious opportunistic infections, and thrombotic
events, were low and similar between placebo and apremi-
last patients, demonstrating that apremilast exposure did not
increase the risk of these events.

At screening, > 10% of patients with psoriasis or pso-
riatic arthritis reported a history of depression (Online
Resource 3). During the placebo-controlled period, rates
of depression were slightly higher in apremilast patients
(4.51/100 patient-years) versus placebo patients (1.94/100
patient-years) but still low overall (1.78/100 patient-years
all apremilast exposure). These findings are consistent with
a study that concluded that rates of anxiety and depres-
sion were similar among patients treated with apremilast
and those treated with other systemic psoriasis or psoriatic
arthritis treatments [26].

Diarrhea and nausea were the most common TEAEs
among patients treated with apremilast, occurred within the
first 2 weeks of treatment, and resolved within 30 days. Dur-
ing the phase II Behget’s syndrome study, a single reduction

in apremilast dose was allowed to mitigate gastrointestinal
adverse effects [15].

Pooled safety findings were consistent with prior studies
of apremilast in patients with psoriasis, psoriatic arthritis,
and Behget’s syndrome, including the pivotal ESTEEM,
PALACE, and RELIEF studies; common TEAEs were
consistent with those previously reported and were mild-to-
moderate in severity [6—16, 27-30].

Other treatments for plaque psoriasis, psoriatic arthritis,
and Behget’s syndrome may be associated with safety risks
not observed with apremilast. For example, JAK inhibi-
tors are systemic treatments that have been associated with
liver abnormalities, which are not commonly reported with
apremilast [31]. JAK inhibitors also pose a potential risk of
thrombotic events, malignancies, and other serious cardio-
vascular events, whereas this analysis showed low incidence
after apremilast exposure [3, 31]. Unlike apremilast, which
had low rates of serious infections and serious opportunistic
infections, some biologics may be associated with higher
risk of infections with long-term use [32]. Similarly, the JAK
inhibitors tofacitinib and upadacitinib, which are approved
for psoriatic arthritis treatment, have a boxed warning for
serious infections [33, 34]. Findings were consistent with an
observational cohort study which found that apremilast had a
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significantly decreased risk of infection compared with both
methotrexate and adalimumab [35]. Of note, in a retrospec-
tive cohort study, while patients with psoriasis were found to
have 18% greater odds of incident coronavirus disease 2019
(COVID-19), apremilast use was associated with decreased
odds (adjusted odds ratio: 0.70) of incident COVID-19 com-
pared with patients receiving topical therapy only [36].

While methods, population, sample size, and study
length vary and make direct comparisons difficult, rates
of discontinuation due to AEs reported in clinical trials
with tofacitinib, upadacitinib, secukinumab, ixekizumab,
and guselkumab were generally comparable with rates
observed in this pooled analysis with apremilast. In an
analysis of tofacitinib in patients with psoriatic arthritis
up to Month 36, 6.4% of patients had discontinued the
trial due to AEs, for an incidence rate per 100 patient-
years of 3.8 [37]. In an analysis of 907 patients with pso-
riatic arthritis treated with upadacitinib, the EAIR per
100 patient-years of AEs leading to discontinuation was
5.4 [38]. In the 5-year FUTURE 1 study of 587 patients
with psoriatic arthritis treated with secukinumab, 8.3%
had discontinued due to AEs [39]. Similarly, in the 5-year
FUTURE 2 study of 299 patients treated with secuki-
numab, 8.4% discontinued treatment due to AEs [40]. In
the UNCOVER-3 study of ixekizumab in 385 patients with
psoriasis, the most common reason for discontinuation at
Week 264 was AEs (10.1%) [41], while in the VOYAGE
1 and 2 studies of 1721 patients treated with guselkumab,
5.8% of patients had discontinued due to AEs by Week 252
(1.45/100 patient-years) [42].

Safety findings in the current pooled analysis remained
consistent across indications, regions, and treatment dura-
tion. No differences in the pattern of safety were observed
in the regional subgroup analysis.

Strengths of this pooled safety analysis include data
from blinded, randomized, controlled short- to mid-
term phases, a large sample size, and long-term data.
Limitations include the inability to extrapolate placebo-
controlled data to real-world settings, the observational
design of extension phases, and the inability to control for
confounders, such as the heterogeneity of patient cohorts.

5 Conclusion

This pooled analysis of 15 placebo-controlled clinical
studies, including 4183 patients treated with apremilast 30
mg twice daily, confirms the safety of long-term apremi-
last use in patients with plaque psoriasis, active psoriatic
arthritis, or oral ulcers associated with Behcet’s syndrome.
EAIRs for serious events and events of special interest
were low (< 1%) in patients treated with apremilast 30
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mg twice daily despite significant exposure. Apremilast
provides a therapeutic option with established long-term
safety and a favorable benefit-risk profile for patients with
psoriatic arthritis, psoriasis, or Behcet’s syndrome requir-
ing chronic, systemic therapy.
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