
Vol.:(0123456789)

American Journal of Clinical Dermatology 
https://doi.org/10.1007/s40257-021-00618-3

ORIGINAL RESEARCH ARTICLE

Integrated Safety Analysis of Abrocitinib for the Treatment 
of Moderate‑to‑Severe Atopic Dermatitis From the Phase II  
and Phase III Clinical Trial Program

Eric L. Simpson1 · Jonathan I. Silverberg2 · Audrey Nosbaum3 · Kevin L. Winthrop1 · Emma Guttman‑Yassky4 · 
Karin M. Hoffmeister5,6 · Alexander Egeberg7 · Hernan Valdez8 · Min Zhang9 · Saleem A. Farooqui10 · 
William Romero11 · Andrew J. Thorpe12 · Ricardo Rojo13 · Susan Johnson12 

Accepted: 16 June 2021 
© The Author(s) 2021, corrected publication 2022 

Abstract
Background  Pivotal phase III studies demonstrated that abrocitinib, an oral, once-daily, JAK1-selective inhibitor, is effective 
treatment for moderate-to-severe atopic dermatitis (AD) as monotherapy and in combination with topical therapy.
Objective  The aim of this study was to evaluate the long-term safety of abrocitinib 200 mg and 100 mg in an integrated 
analysis of a phase IIb study, four phase III studies, and one long-term extension study.
Methods  Two cohorts were analyzed: a placebo-controlled cohort from 12- to 16-week studies and an all-abrocitinib cohort 
including patients who received one or more abrocitinib doses. Adverse events (AEs) of interest and laboratory data are 
reported.
Results  Total exposure in the all-abrocitinib cohort (n = 2856) was 1614 patient-years (PY); exposure was ≥ 24 weeks in 
1248 patients and ≥ 48 weeks in 606 (maximum 108 weeks). In the placebo-controlled cohort (n = 1540), dose-related 
AEs (200 mg, 100 mg, placebo) were nausea (14.6%, 6.1%, 2.0%), headache (7.8%, 5.9%, 3.5%), and acne (4.7%, 1.6%, 
0%). Platelet count was reduced transiently in a dose-dependent manner; 2/2718 patients (200-mg group) had confirmed 
platelet counts of < 50 × 103/mm3 at week 4. Incidence rates (IRs) were 2.33/100PY and 2.65/100 PY for serious infection, 
4.34/100PY and 2.04/100PY for herpes zoster, and 11.83/100PY and 8.73/100PY for herpes simplex in the 200-mg and 
100-mg groups, respectively. IRs for nonmelanoma skin cancer, other malignancies, and major adverse cardiovascular events 
were < 0.5/100PY for both doses. Five venous thromboembolism events occurred (IR 0.30/100PY), all in the 200-mg group. 
There were three deaths due to gastric carcinoma (diagnosed at day 43), sudden death, and COVID-19.
Conclusion  Abrocitinib, with proper patient and dose selection, has a manageable tolerability and longer-term safety profile 
appropriate for long-term use in patients with moderate-to-severe AD.
Trial Registries  ClinicalTrials.gov: NCT02780167, NCT03349060, NCT03575871, NCT03720470, NCT03627767, 
NCT03422822.
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1  Introduction

Atopic dermatitis (AD) is a common, chronic inflammatory 
skin disease associated with intense pruritus, pain, sleep dis-
turbance, and diminished quality of life [1–4]. Patients with 
moderate-to-severe disease who do not respond adequately 

to topical therapies have few effective approved treatment 
options [1, 5, 6].

Abrocitinib is an oral, once-daily, Janus kinase-1 (JAK1)-
selective inhibitor under investigation for treatment of 
moderate-to-severe AD. Signaling through JAK1 upregu-
lates production of proinflammatory cytokines proposed to 
underlie the pathophysiology of AD, including interleukin 
(IL)-4, IL-13, IL-22, IL-31, and thymic stromal lymphopoi-
etin [7, 8].

Abrocitinib development was predicated on the hypoth-
esis that JAK1 selectivity would minimize dose-limiting 
safety findings associated with JAK inhibitor selectivity 
profiles, thereby allowing dosing to support robust efficacy. 
Meaningful abrocitinib efficacy at doses of 100 and 200 mg 
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 Key points 

This is the first report of an integrated safety analysis for 
abrocitinib, using data pooled from one phase IIb study, 
four phase III studies, and one long-term extension study.

The most common adverse events were nausea, headache, 
and acne, which were all non-serious; most patients had 
events that were mild or moderate in severity.

Results suggest that abrocitinib, with proper patient 
and dose selection, has a manageable tolerability and 
long-term safety profile appropriate for long-term use in 
patients with moderate-to-severe atopic dermatitis.

extension study. These pooled data provide the opportunity 
to understand how JAK1 inhibition and patient population 
influence the safety profile. Objectives of this analysis were 
to identify dose-related differences for adverse events and 
laboratory values in abrocitinib-treated patients and, where 
possible, to identify potential risk factors for adverse events 
(AEs). Most importantly, these data help determine whether 
safety and tolerability associated with JAK-1 inhibition sup-
port the risk/benefit balance for use of selected doses in the 
clinic.

2 � Methods

2.1 � Study Design and Patients

Safety data were pooled from five short-term studies 
(phase IIb, MONO-1, MONO-2, COMPARE, REGIMEN 
[open-label period]) and a long-term extension study 
(EXTEND]) [9–12]. The data cutoff date for this analysis 
was April 22, 2020. Patients had moderate-to-severe chronic 
AD for ≥ 1 year prior to the study, were aged ≥12 years  
(MONO-1, MONO-2, REGIMEN, and EXTEND) or ≥ 18 
years (phase IIb and COMPARE) and had a recent history 
of nonresponse/intolerance to topical medication or required 
systemic therapies to control AD (Table S1, see electronic 
supplementary material [ESM]). In the phase III studies, 
there were no exclusion criteria related to upper age limit, 
history or risk of VTE, or history of dupilumab use (except 
for COMPARE). Patients with history of systemic infection 
requiring parenteral therapy in the past 6 months, chronic or 
acute skin infection requiring treatment within the last week, 
any history of disseminated herpes zoster or herpes sim-
plex, or with platelets < 140 × 103/mm3, lymphocytes < 0.5 
×103/mm3, neutrophils < 1.2 × 103/mm3, or hemoglobin  
< 10.0 g/dL or hematocrit < 30% were excluded.

2.2 � Analysis Datasets

Safety data were assessed in the placebo-controlled cohort 
(Fig. 1a) and the all-abrocitinib cohort (Fig. 1b). The pla-
cebo-controlled cohort included participants in the 12- to 
16-week studies who received abrocitinib 200 mg, 100 mg, 
or placebo. This dataset was used to assess abrocitinib safety 
relative to placebo, dose–response relationships for frequent 
adverse drug reactions, and laboratory changes. Addition-
ally, this cohort allowed for evaluation of key subgroups: 
patients who received monotherapy (phase IIb, MONO-1, 
and MONO-2), patients who received abrocitinib with con-
comitant use of background topical therapy (COMPARE), 
and adolescent and adult patients (Fig. 1a).

The all-abrocitinib cohort included all patients who 
received one or more doses of abrocitinib 200 mg or 100 mg 

once daily, as monotherapy and in combination with topical 
therapies, was demonstrated in adolescent and adults with 
moderate-to-severe AD [9–12]. Although the 100-mg dose 
has efficacy comparable to dupilumab, abrocitinib 200 mg 
showed more rapid onset and more profound effect on itch 
(observed as early as day 2 after treatment initiation) and 
skin clearance. Abrocitinib also improved measures related 
to quality of life, depression, and anxiety [10].

Although efficacy of JAK1 inhibition is clear, safety of 
long-term JAK1 inhibition in the AD population has not yet 
been established. To date, JAK inhibitor safety was primar-
ily established in patients with rheumatoid arthritis (RA) 
[13, 14]. JAK inhibition in RA is associated with risk of 
infections (including viral reactivation and opportunistic 
infections), malignancy, nonmelanoma skin cancer (NMSC), 
venous thromboembolism (VTE), increased low-density 
lipoprotein cholesterol (LDL-C) and high-density lipopro-
tein cholesterol (HDL-C), and various changes in hemato-
logic parameters [13, 14].

The safety profile of abrocitinib in AD is likely to be 
impacted, in part, by differences between RA and AD patient 
populations. JAK1 selectivity is also among the character-
istics that may contribute to the overall benefit/risk profile 
[7]. For example, increased risk of viral reactivation is likely 
to occur across JAK inhibitors due to effects on lympho-
cytes and interferon signaling; however, protection from 
tuberculosis or other mycobacterial infections might be 
observed with JAK1 inhibitors because of preserved IL-12 
and IL-23 signaling [15–17]. Additionally, effects of JAK 
inhibition on hematologic physiology is complex, and dif-
ferences in hematologic profiles might be anticipated based 
on JAK selectivity. Assessment of these safety aspects in 
AD patients requires larger data sets than are available from 
individual randomized controlled studies.

Herein we report an integrated safety analysis in patients 
with moderate-to-severe AD treated with abrocitinib in the 
phase II and III clinical trial program, including a long-term 
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in placebo-controlled studies (if randomized to abrocitinib), 
200 mg in the 12-week open-label portion of the REGIMEN 
trial and the EXTEND long-term extension trial (Table S1, 
see ESM; Fig. 1b). Day 1 of exposure in this pool was the 
first day of abrocitinib exposure; patients randomized to 
abrocitinib in parent studies continued to receive the same 
dose in the long-term extension study as received in the 
qualifying phase III study. This cohort enabled assessment 

of incidence rates (IRs; rate of occurrence of an AE during a 
given period), changes in laboratory parameters, and, where 
possible, risk factors for AEs.

2.3 � Adverse Event Collection and Coding

AEs for the placebo-controlled cohort were coded using 
Medical Dictionary for Regulatory Activities (MedDRA) 

(a)

Phase 2b dose-ranging
proof-of-concept randomized
monotherapy study in adult
subjects (NCT02780167)

JADE MONO-1: Phase 3
randomized, monotherapy
study in adults and adolescents
(NCT03349060)

JADE MONO-2: Phase 3
randomized, monotherapy
study in adults and adolescents
(NCT03575871)

JADE COMPARE: Phase 3 
randomized combination study 
including a comparator
and background topical 
therapy in adult subjects
(NCT03720470)

100 mg

200 mg

100 mggg
200 mgPlacebo

Abrocitinib 100 mg

Abrocitinib 200 mg

Dupilumab 300 mg Washout

Placebo

Abrocitinib 100 mg

Abrocitinib 200 mg

Placebo

Abrocitinib 100 mg

Abrocitinib 200 mg

Placebo
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Abrocitinib 200 mg
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16 20
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Placebo-Controlled
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(b)

Phase 2b dose-ranging
proof-of-concept randomized
monotherapy study in adult
subjects (NCT02780167)

JADE MONO-1: Phase 3
randomized, monotherapy 
study in adults and adolescents
(NCT03349060)

JADE MONO-2: Phase 3
randomized, monotherapy 
study in adults and adolescents
(NCT03575871)

JADE COMPARE: Phase 3 
randomized combination study 
including a comparator
and background topical 
therapy in adult subjects
(NCT03720470)

JADE REGIMEN: Phase 3
randomized withdrawal and
retreatment study in adults and
adolescents (NCT03627767) JADE EXTEND: 

Phase 3 long-term
extension study in
adults and adolescents

Placebo

Abrocitinib 100 mg

Abrocitinib 200 mg

Placebo

Abrocitinib 100 mg

Abrocitinib 200 mg

Placebo

Abrocitinib 100 mg

Abrocitinib 200 mg

OL 200 mg Non-Responder
OL 200 mg Responder

12
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16 20

Parent Study 
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JADE EXTEND
Exposure in
All-Abrocitinib
Cohort

Washout

Fig. 1   Schematic of a placebo-controlled cohort and b all-abrocitinib cohort
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version 22.1 and AEs for the all-abrocitinib cohort were 
coded using MedDRA version 23.0 and classified as mild, 
moderate, or severe by the investigator (defined in Table S2, 
see ESM). AEs other than serious AEs (SAEs) were 
recorded from the day the patient entered the study through 
the last visit. SAEs were defined according to the Interna-
tional Council for Harmonisation of Technical Requirements 
for Pharmaceuticals for Human Use (ICH) Harmonised Tri-
partite Guideline Clinical Safety Data Management: Defi-
nitions and Standards for Expedited Reporting E2A [18]. 
SAEs were reported between the time a patient provided 
informed consent and 28 days after the last study dose or at 
any time after the last dose if the SAE was suspected to be 
related to drug treatment.

2.4 � Adjudication of Events

Adjudication committees (external experts, blinded to treat-
ment and independent from the study sponsor) were estab-
lished to review opportunistic infections, malignancies, 
hepatic events, and cardiovascular events (including VTE).

2.5 � Statistical Analyses

Statistical analyses were conducted in the safety analysis set, 
which included all patients who received one dose or more 
of study treatment. Continuous and categorical data were 
analyzed using descriptive statistics.

IRs were defined as the number of patients with events 
during the risk period divided by the sum of the durations 
of exposures of the patients during the risk period (time to 
last dose plus 28 days, time to death, time to last dose in the 
parent study for patients enrolled in the long-term extension 
study for the placebo-controlled cohort, or data cutoff date 
for ongoing studies for the all-abrocitinib cohort, whichever 
was smaller). For IR calculations, patient exposure was cen-
sored at the time of first event. IRs are presented as numbers 
of patients with events per 100 patient-years (PYs; i.e., inci-
dence of events per 100 patients followed for 1 year) along 
with a 95% confidence interval (CI) computed using an exact 
method that assumed that the number of events followed a 
Poisson distribution.

Hazard ratios (HRs) were calculated from a Cox regres-
sion model with treatment group and parent study as covari-
ates. Cox regression models were also used to identify risk 
factors in subgroups classified by intrinsic (e.g., age, sex, 
race) and extrinsic factors (i.e., background therapy, prior 
systemic therapy). Kaplan-Meier estimates were used to 
assess time to the first occurrence of an AE. Time to event 
was censored at the end of the risk period for patients who 
did not have an event.

3 � Results

3.1 � Patient Exposure and Demographics

The placebo-controlled cohort included 1540 patients: 590, 
608, and 342 patients in the 200-mg, 100-mg, and placebo 
groups, respectively. The all-abrocitinib cohort included a 
total of 2856 patients: 1971 in the abrocitinib 200-mg and 
885 in the 100-mg groups.

Baseline characteristics in the placebo-controlled cohort 
and all-abrocitinib cohort (200 or 100 mg) were compara-
ble (Table 1). Median age was 33.0 and 31.0 years in the 
placebo-controlled and all-abrocitinib cohorts, respectively; 
proportions of adolescents were 8.1% and 12.7%, respec-
tively; proportions of adults age ≥ 65 years were 6.1% and 
5.1%, respectively. The majority of patients were male and 
White, although the number of Asian and Black or African 
American patients was substantial. Patients were from the 
United States, Canada, Australia, Asia (including Japan, 
China, Korea, and Taiwan), Europe, and South America. 
Approximately two-thirds of patients had moderate disease 
reflected in an Investigator’s Global Assessment (IGA) score 
of 3; almost half had previously used systemic therapy, 
including dupilumab. Baseline characteristics within each 
cohort were well balanced among the groups (Tables S3a 
and b, see ESM).

In the placebo-controlled cohort, mean (standard devia-
tion [SD]) days of exposure was higher in abrocitinib 
groups (90.9 [21.9] days with 200 mg and 89.2 [25.2] days 
with 100 mg) than in the placebo group (83.1 [31.6] days) 
due to more discontinuations in placebo-treated patients. 
Among 2856 patients in the all-abrocitinib cohort, 1248 had  
≥ 24 weeks and 606 had ≥48 weeks of cumulative abroci-
tinib exposure. Total exposure was 1614 PY. Among the 
364 adolescent patients, 109 had ≥48 weeks of cumulative 
abrocitinib exposure (extent of exposure by dose is found in 
Table S4, see ESM). Maximum duration of exposure was 
108 weeks.

3.2 � Short‑Term Safety and Tolerability

In the placebo-controlled cohort, AEs occurred in 68.3% 
of patients receiving abrocitinib 200 mg, 61.0% receiving 
100 mg, and 55.0% receiving placebo; proportions of SAEs 
and severe AEs were similar across groups (Table 2). The 
most common AEs with a dose response and excess over 
placebo, which drove the difference in AEs overall, were 
nausea, headache, and acne. Most patients (94.2%) had 
events that were mild or moderate in severity. Most AEs 
were generally self-limited and seldom required interruption 
or permanent discontinuation of treatment.
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3.2.1 � Nausea

Nausea was the most frequently reported AE in the abroci-
tinib 200-mg group (Table 2). No nausea events were seri-
ous; one event (0.2%) in the 200-mg group was severe. Most 
resolved with no change or interruption to treatment: four 
events of nausea (two from each abrocitinib treatment group) 
led to discontinuation in the placebo-controlled cohort. 
Across all abrocitinib-treated patients, most nausea events 
occurred in the first week of treatment (63.5% of events with 
200 mg and 72.3% of events with 100 mg). Median time to 
resolution of nausea was 15 days (17 days for 200 mg and  
8 days for 100 mg). Female patients had higher frequency 
of nausea compared with male patients (18.1% vs 7.6%).

3.2.2 � Headache

A dose-related increase in the proportion of patients with 
headache was observed in abrocitinib-treated patients 
(Table 2). No headache events were categorized as SAEs 
or severe AEs. Three abrocitinib-treated patients overall 
(0.3%) had headache events leading to study discontinu-
ation (two in the 200-mg and one in the 100-mg group); 
no placebo-treated patients discontinued due to headache. 

Among patients who experienced headache, the initial event, 
in > 40%, occurred within the first week of treatment (47.6% 
with 200 mg; 39.6% with 100 mg); median time to resolu-
tion was 4 days (5 days in the 200-mg and 3.5 days in the 
100-mg group).

3.2.3 � Acne

There was a dose-related increase in acne events (4.7%, 
1.6%, and 0% for 200-mg, 100-mg, and placebo groups, 
respectively; Table 2). There were no SAEs, severe AEs, 
or AEs that led to discontinuation. Median time to resolu-
tion was 247 days, with approximately one-third (33.0%) 
of the first events resolved by day 84 as calculated by 
Kaplan-Meier estimate. There was no clustering of acne 
events early or late in treatment, with 35.6% occurring 
after 8 weeks. Other details for acne events were not 
captured.

3.3 � Longer‑Term Safety and Adverse Events 
of Special Interest

The two dose groups in the all-abrocitinib cohort had simi-
lar proportions of AEs, SAEs, and severe AEs (Table 3). 

Table 1   Demographic and baseline characteristics in the placebo-controlled and all-abrocitinib cohorts

EASI Eczema Area and Severity Index, IGA Investigator’s Global Assessment, IQR interquartile range
a Patients from short-term studies who received abrocitinib 200 mg, 100 mg, or placebo
b Patients who received ≥ 1 dose of abrocitinib 200 or 100 mg

Placebo-controlled cohorta

N = 1540
All-abrocitinib cohortb
N = 2856

Age, y, median (IQR) 33.0 (24.0–46.0) 31.0 (22.0–44.0)
Age group, y, n (%)
 < 18 124 (8.1) 364 (12.7)
 18–64 1322 (85.8) 2347 (82.2)
 ≥ 65 94 (6.1) 145 (5.1)

Female, n (%) 710 (46.1) 1303 (45.6)
Race, n (%)
 White 1058 (68.7) 2063 (72.2)
 Black or African American 104 (6.8) 170 (6.0)
 Asian 336 (21.8) 553 (19.4)
 Other 42 (2.7) 70 (2.5)

Hispanic or Latino, n (%) 124 (8.1) 394 (13.8)
Weight (kg), median (IQR) 73.5 (63.0–85.8) 72.6 (61.0–85.5)
Body mass index (kg/m2), median (IQR) 25.3 (22.4–29.2) 25.0 (22.0–29.0)
EASI, median (IQR) 25.6 (19.6–37.5) 26.9 (20.2–37.6)
IGA moderate/severe, % 63.1/36.9 61.4/38.6
Prior topical agents only 845 (54.9) 1382 (48.4)
Prior systemic therapy, n (%) 676 (43.9) 1454 (50.9)
 Dupilumab 45 (2.9) 108 (3.8)
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SAEs occurred most frequently in infections and infesta-
tions system organ class (SOC). Death occurred in three 
patients.

3.3.1 � Serious Infections

The proportion of patients with serious infections (SAEs 
in the infections and infestation SOC) was similar across 
placebo and abrocitinib groups in the placebo-controlled 
cohort and in the 200-mg and 100-mg groups in the all-
abrocitinib cohort (Table 4). The most frequent serious 
infections (0.2% or less for each type) in abrocitinib-
treated patients included pneumonia (six events of pneu-
monia, pneumonia bacterial, or pneumonia pneumo-
coccal), herpes simplex (four events of herpes simplex, 
ophthalmic herpes simplex, or oral herpes simplex), and 
herpes zoster (four events of herpes zoster or ophthalmic 
herpes zoster). Per protocol, serious infections that met 
SAE criteria required withdrawal of study drug and study 
termination. A 69-year-old Black or African American 
woman (200-mg group) tested positive for coronavi-
rus disease 2019 (COVID-19) on day 84, was hospital-
ized, and died of COVID-19 on day 107. There were no 
events of tuberculosis or fungal or bacterial opportunistic 
infections.

3.3.2 � Herpes Zoster

Incidence rates of herpes zoster in the placebo-controlled 
cohort were dose-related (Table 4). Most events overall 
were mild or moderate. Four events of herpes zoster (0.2%; 
all in the abrocitinib 200-mg group) resulted in permanent 
discontinuation of study treatment. Patients with herpes 
zoster ranged from 12 to ≥ 75 years of age. A multivariate 
analysis found that abrocitinib 200 mg, age ≥65 years, and 
severe disease at baseline were associated with higher risk of 

Table 2   Overall safety summary and frequent treatment-emergent adverse events (all causalities) for the placebo-controlled cohort

AE adverse event, SAE serious adverse event

Placebo 
N = 342
n (%)

Abrocitinib 100 mg 
N = 608
n (%)

Abrocitinib 200 mg 
N = 590
n (%)

Patients evaluable for AEs 342 608 590
Number of AEs 360 816 921
Patients with AEs 188 (55.0) 371 (61.0) 403 (68.3)
Patients with SAEs 11 (3.2) 19 (3.1) 11 (1.9)
Patients with severe AEs 20 (5.8) 29 (4.8) 19 (3.2)
Deaths 0 1 (0.2) 2 (0.3)
Most frequent adverse events
 Nausea 7 (2.0) 37 (6.1) 86 (14.6)
 Nasopharyngitis 27 (7.9) 75 (12.3) 51 (8.6)
 Headache 12 (3.5) 36 (5.9) 46 (7.8)
 Upper respiratory tract infection 19 (5.6) 40 (6.6) 30 (5.1)
 Acne 0 10 (1.6) 28 (4.7)
 Dermatitis atopic 37 (10.8) 45 (7.4) 24 (4.1)
 Vomiting 3 (0.9) 9 (1.5) 19 (3.2)
 Blood creatine phosphokinase increased 5 (1.5) 14 (2.3) 17 (2.9)
 Dizziness 3 (0.9) 11 (1.8) 17 (2.9)
 Herpes simplex 3 (0.9) 10 (1.6) 17 (2.9)
 Diarrhea 10 (2.9) 10 (1.6) 16 (2.7)
 Urinary tract infection 4 (1.2) 10 (1.6) 13 (2.2)
 Folliculitis 7 (2.0) 6 (1.0) 10 (1.7)

Table 3   Summary of treatment-emergent adverse events in the all-
abrocitinib cohort

AE adverse event, SAE serious adverse event.

Abrocitinib 100 mg
n (%)

Abrocitinib 200 mg
n (%)

Patients evaluable for 
AEs

885 1971

Number of AEs 1968 4315
Patients with AEs 627 (70.8) 1420 (72.0)
Patients with SAEs 48 (5.4) 74 (3.8)
Patients with severe AEs 69 (7.8) 102 (5.2)
Deaths 1 (0.1) 2 (0.1)
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herpes zoster (Table S5, see ESM). All events of adjudicated 
opportunistic infections were cutaneous multidermatomal 
herpes zoster (0.60/100 PY [95% CI 0.29–1.10]). Similar 
to herpes zoster events overall, these events were mostly 
mild or moderate in severity and resolved with oral antiviral 
therapy.

3.3.3 � Herpes Simplex and Eczema Herpeticum

Events of herpes simplex were dose-related, with higher 
incidence with abrocitinib than placebo; however, no 
dose–response relationship was observed for eczema her-
peticum events (there were none in the abrocitinib 200-mg 
group; Table 4). When eczema herpeticum and herpes sim-
plex events were considered together, there was no dose 
response in the abrocitinib 200-mg and 100-mg groups 
(16.21 and 16.05/100 PY, respectively), but these IRs were 
higher than in the placebo group (9.88/100 PY). Similar 
dose–response relationships were observed in the all-abroc-
itinib cohort.

There were 23 total cases of eczema herpeticum observed 
in abrocitinib-treated patients. Four events were serious (all 
in the 100-mg group); 91.7% resolved and five led to study 
discontinuation (in one patient [0.1%] in the 200-mg group 
and four [0.5%] in the 100-mg group). Using multivariate 
analysis, the most significant risk factors for herpes simplex 
or eczema herpeticum included having medical history of 
herpes simplex or eczema herpeticum and region other than 
the United States, Canada, or Australia (Table S6, see ESM). 
Events of eczema herpeticum in the all-abrocitinib cohort 

were less frequent in patients with IGA of 0 or 1 (Table S7, 
see ESM) when events were stratified by IGA score before or 
immediately after the event start day. Among the 23 events 
of eczema herpeticum, 21 (91.2%) occurred in patients with 
uncontrolled AD (IGA >1).

3.3.4 � Malignancy

There were seven cases of NMSC: four patients (0.2%) in the 
200-mg and three patients (0.3%) in the 100-mg group. The 
four cases in the 200-mg group were squamous cell carci-
noma; cases in the 100-mg group included two cases of basal 
cell carcinoma and one case of T-cell cutaneous lymphoma. 
Most cases (5/7; 71.4%) were in patients ≥ 60 years old and 
occurred in the first 3 months of abrocitinib treatment.

There were three events of adjudicated malignancies, 
including two of prostate cancer. One event occurred in a 
73-year-old White patient (100-mg group) with a history 
of an enlarged prostate and another occurred in a 68-year-
old White patient (200-mg group). The remaining case, in 
a 78-year-old White woman (200-mg group), was a gastric 
adenocarcinoma diagnosed on study day 43 by computed 
tomography showing carcinomatosis with multifocal hepatic 
metastases. This patient died of the gastric adenocarcinoma 
approximately 9 months after study discontinuation.

3.3.5 � Cardiovascular Safety

In the all-abrocitinib cohort, three SAEs were adjudicated 
as major adverse cardiovascular events (MACE; two events 

Table 4   Summary of infection events in the placebo-controlled and all-abrocitinib cohorts

CI confidence interval, IR incidence rate
a Includes events of genital herpes, genital herpes simplex, herpes dermatitis, herpes ophthalmic, herpes simplex, nasal herpes, ophthalmic her-
pes simplex, and oral herpes

Placebo-controlled cohort All-abrocitinib cohort

Placebo
N = 342

Abrocitinib 
100 mg
N = 608

Abrocitinib 
200 mg
N = 590

Abrocitinib 
100 mg
N = 885

Abrocitinib 
200 mg
N = 1971

Serious infections
 N (%) 2 (0.6) 6 (1.0) 2 (0.3) 17 (1.9) 24 (1.2)
 IRs (95% CI) 2.31 (0.28–8.33) 3.80 (1.39–8.27) 1.28 (0.16–4.62) 2.65 (1.55–4.25) 2.33 (1.49–3.47)

Herpes zoster
 N (%) 0 3 (0.5) 8 (1.4) 13 (1.5) 44 (2.2)
 IRs (95% CI) 0.00 (0.00–4.25) 1.90 (0.39–5.55) 5.16 (2.23–10.16) 2.04 (1.09–3.49) 4.34 (3.15–5.82)

Herpes simplexa

 N (%) 6 (1.8) 19 (3.1) 25 (4.2) 54 (6.1) 116 (5.9)
 IRs (95% CI) 7.20 (2.60–14.58) 12.07 (7.26–18.59) 16.22 (10.49–23.67) 8.73 (6.56–11.39) 11.83 (9.77–14.19)

Eczema herpeticum
 N (%) 3 (0.9) 6 (1.0) 0 (0) 15 (1.7) 8 (0.4)
 IRs (95% CI) 3.46 (0.71–10.12) 3.81 (1.40–8.28) 0.00 (0.00–2.36) 2.34 (1.31–3.86) 0.78 (0.34–1.53)
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of myocardial infarction and one event of sudden death). A 
73-year-old White woman (100-mg group) with a history 
of aortic sclerosis and calcification and untreated hyperten-
sion experienced sudden death on day 107, which occurred 
22 days after discontinuation of abrocitinib; a 60-year-old 
White man (200-mg group) with a body mass index (BMI) 
of 32 kg/m2 and a history of impaired glucose tolerance had 
myocardial infarction on day 104; and a 63-year-old White 
man (200-mg group) with a history of hypertension, chronic 
obstructive pulmonary disease, and hypercholesterolemia 
had myocardial infarction on day 159. The IR for MACE 
was 0.18/100 PY (95% CI 0.04–0.52).

Two patients were adjudicated as having had a transient 
ischemic attack, although neither event was reported as such. 
A 55-year-old White woman (100-mg group) with a medi-
cal history of seizure disorder, meningitis, and pulmonary 
hypertension had an event reported as seizure, and a 75-year-
old White man (100-mg group) had an event reported as 
vertigo.

There were five events of VTE (IR 0.30/100 PY), all in 
the 200-mg group. Three SAEs were adjudicated as pul-
monary embolism (PE): a 55-year-old White male (200-mg 
group) with a medical history of back pain, vertigo, asthma, 
and environmental allergies had a PE on day 80; a 68-year-
old White female (200-mg group) with estrogen use and 
a history of uterine prolapse, menopause, hypertension, 
increased blood cholesterol, and first-degree atrioventricu-
lar block had a PE on day 98; and a 16-year-old Black or 
African American male (200-mg group) with morbid obesity 
and an extensive family history of PE (including an 18-year-
old brother with PE) had a PE on day 565 (Table S8, see 
ESM). No consistent pattern of change in platelet counts was 
observed in these patients, suggesting such changes were 
unrelated to VTE occurrence (Table S8, see ESM). The IR 
for PE was 0.18/100 PY (95% CI 0.04–0.52). Two AEs were 
adjudicated as deep venous thrombosis (DVT). A 44-year-
old White female (200-mg group) experienced calf thrombo-
sis after arthroscopic surgery on day 232 and a 50-year-old 
Asian female (200-mg group) with a BMI of 33.7 kg/m2 and 
a history of hypertension experienced superficial thrombo-
phlebitis with Doppler ultrasound showing small thrombus 
formation in the left great saphenous vein and left superficial 
femoral vein on day 48. The IR for DVT was 0.12/100 PY 
(95% CI 0.01–0.43).

3.3.6 � Pregnancy

Pregnancy occurred in seven patients: one pregnancy is 
ongoing without complication; there were three healthy 
births, two spontaneous miscarriages, and one unknown 
outcome.

3.3.7 � Laboratory Abnormalities

There was a dose-dependent decrease in platelets in the pla-
cebo-controlled cohort, with median values reaching nadir 
at week 4 (Fig. 2a). Median platelet counts subsequently 
increased and plateaued at week 12, with final 12-week val-
ues remaining below baseline. Most patients (> 95%) main-
tained platelet value > 100 × 103/mm3. Nine patients in the 
200-mg group had confirmed platelet values < 75 × 103/
mm3 between week 2 and month 1 of exposure; all patients 
but one were ≥ 65 years of age. Two of 2718 (0.1%) patients 
(among the nine in the 200-mg group with confirmed plate-
let values < 75 × 103/mm3) met discontinuation criteria for 
platelet count (confirmed < 50 × 103/mm3). No clinically 
meaningful AEs of hemorrhage were associated with low 
platelet counts.

In the all-abrocitinib cohort, there were no changes over 
time in median absolute lymphocyte count (ALC; Fig. 2b), 
absolute neutrophil count (ANC; Fig. 2c), or hemoglobin 
values (Fig. 2d). Four of 2832 (0.1%) patients met discon-
tinuation criteria for lymphocytes (confirmed ALC < 0.5 × 
103/mm3), all in the 200-mg group. These four patients were 
≥ 65 years of age and events in three patients occurred in the 
first four treatment weeks. No patients had confirmed ANC 
< 1 × 103/mm3. One patient in the 200-mg group had con-
firmed hemoglobin < 8 g/dL: a 66-year-old Black or Afri-
can American female with no known cause for decreased 
hemoglobin.

Abrocitinib had a dose-dependent effect on LDL-C 
(Fig. 3a) and HDL-C from baseline to week 16; there was 
no notable change in LDL-C/HDL-C ratio over 16 weeks 
(Fig. 3b). There were more shifts to above patients’ base-
line in the abrocitinib groups relative to the placebo group 
(Table S9, see ESM) at both week 4 and the final visit (week 
12/week 16). Most patients had baseline values < 130 mg/
dL, and most values remained < 130 mg/dL throughout the 
study period. There was a dose-related increase in creatine 
kinase that began at week 4 and plateaued at week 8 (Fig. 4). 
There was no meaningful difference in the proportions of 
patients with creatine kinase 5× the upper limit of normal 
(ULN) (2.7%, 2.3%, 3.8%) or 10× ULN (1.8%, 0.3%, 1.5%) 
in the placebo, abrocitinib 100-mg, or abrocitinib-200 mg 
groups, respectively. Dose-related increase in blood creatine 
phosphokinase AEs was observed with abrocitinib (Table 2); 
no cases of rhabdomyolysis were reported.

In the placebo-controlled cohort, there was no meaningful 
change over time in measures of central tendency for alanine 
aminotransferase (ALT) or aspartate aminotransferase. There 
was no dose-related increase in patients with ALT >3 × 
ULN in the abrocitinib 100-mg or 200 mg-groups (0.5% in 
each) relative to placebo (1.5%). No AEs were adjudicated as 
Hy’s law, highly likely drug-induced liver injury, or definite 
drug-induced liver injury.
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Fig. 2   Clinical safety data 
from baseline to week 16 for a 
platelets, b absolute lymphocyte 
count, c absolute neutrophil 
count, and d hemoglobin. IQR 
interquartile range, Q quarter. 
Boxes span the IQR; stars repre-
sent the median value; whiskers 
delineate the maximum and 
minimum values (maximum = 
Q3 + 1.5 × IQR; minimum = 
Q1 − 1.5 × IQR); circles repre-
sent outliers



	 E. L. Simpson et al.

4 � Discussion

This is the first report of an integrated safety analysis for 
abrocitinib, a selective JAK1 inhibitor with robust efficacy 
in adults and adolescents with moderate-to-severe AD. This 
initial analysis demonstrates that abrocitinib, with appropri-
ate dose and patient selection, has a manageable longer-term 
safety and tolerability profile that supports its use in patients 
with moderate-to-severe AD.

Most AEs were mild, self-limited, and infrequently 
required interruption or permanent discontinuation of 
abrocitinib therapy. The most common dose-related, drug-
related AEs included nausea, vomiting, upper abdominal 
pain, herpes simplex, headache, dizziness, acne, and cre-
atine phosphokinase increase (without rhabdomyolysis). 
The most common adverse reactions (nausea and head-
ache) first occurred within 2 weeks of treatment initiation 
and seldom led to discontinuation. Two phase I studies that 
examined abrocitinib in fed and fasted states (NCT02163161 
and NCT04065633) found that gastrointestinal symptoms, 
including nausea, occurred only when patients were in the 
fasted state, suggesting that nausea may be related to local 
gastric concentration of abrocitinib (Pfizer, data on file), 
and the effects may be mitigated with food. Acne events are 
seen across the JAK class; acne occurred in 14% of patients 
with moderate-to-severe AD treated with upadacitinib 30 mg 
once daily in a 16-week study [19]. No acne events in abroc-
itinib-treated patients were severe, and none led to treatment 
discontinuation. Further study will be required to understand 
the nature of the acne and mechanisms involved.

These pooled data allowed for an assessment of the poten-
tial impact of JAK1 selectivity on infections and hemato-
logic changes. Serious and opportunistic infections and 
viral reactivation are associated with JAK inhibition [20, 

21]. This analysis of abrocitinib in patients with AD found 
no dose-response relationship for serious infections or an 
excess of events compared with placebo. The most frequent 
serious infections were herpetic in nature, and a dose-
related increase in herpes zoster infections was observed, 
which is consistent with the viral reactivation seen with 
other JAK inhibitors [14]. This was anticipated, as JAK1 
inhibitors block signaling of type 1 and type 2 interferons 
and cytokines via the gamma chain of the IL-2 receptor and 
are important in lymphocyte development [22–24]. Unlike 
with tofacitinib and baricitinib [21, 25], an increased rate 
of herpes zoster in Asian patients was not observed. There 
were no opportunistic events of tuberculosis, fungal infec-
tions (including invasive fungal infections), mycobacterial 
infections, or infections with other intracellular bacteria. Dif-
fering results may be due to age of enrolled patients, as older 
patients are more at risk for infections [7, 26, 27]. Addition-
ally, JAK inhibitor selectivities are different. JAK1-selec-
tive inhibitors are expected to preserve signaling of IL-12 
and IL-23, cytokines thought to be important in protecting 
against opportunistic infections [15–17]. Although this sug-
gests preserved protection with JAK1 inhibition, monitoring 
for tuberculosis prior to the initiation of abrocitinib will be 
important.

One aspect that may be unique to the AD population is 
the relationship between herpes simplex and eczema her-
peticum. Patients with AD have a propensity to develop 
herpes simplex, and in a minority of patients, these events 
may develop into eczema herpeticum [28]. In this analysis, 
there was a dose-related increase in herpes simplex events; 
however, eczema herpeticum events were more frequent 
in the placebo and abrocitinib 100-mg groups. This sug-
gests that, although herpes simplex is more frequent with 
abrocitinib 200 mg, these herpes simplex infections do not 

Fig. 2   (continued)
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tend to become disseminated eczema herpeticum. Patients 
who develop eczema herpeticum have more severe AD, as 
defined by the Eczema Area and Severity Index, and a more 
T helper 2-polarized disease, with higher concentrations 
of immunoglobulin E and eosinophils [29]. Effects of JAK 
inhibition on eczema herpeticum may be related to improve-
ment in skin barrier function and immunologic abnormali-
ties [30, 31].

JAK selectivity may affect the pattern of changes in lab-
oratory values associated with JAK inhibition. Treatment 
with the JAK1/2 inhibitor baricitinib was shown to increase 
platelet counts [32]. In contrast, abrocitinib was associated 
with an early, dose-related, transient decrease in platelets 
that recovered toward baseline over the course of treatment. 
Changes in platelets associated with JAK inhibitors are 

proposed to occur via mechanisms that affect synthesis and 
degradation of thrombopoietin (TPO), the primary regula-
tor of platelet homeostasis [33, 34]. One such mechanism 
is driven by blockade of JAK2-mediated inhibition of TPO 
uptake and degradation and is associated with increased 
platelet production, as observed with baricitinib [35]. Pre-
clinical studies showed that deletion of JAK2 in the mega-
karyocyte lineage results in increased platelet production 
[36]. Given the in vitro selectivity of abrocitinib targeting 
JAK1 compared with JAK2 (28-fold) at therapeutic doses 
[37], a TPO-driven mechanism is less likely. The other 
mechanism, which occurs via JAK1-dependent IL-6–medi-
ated hepatic TPO production, is associated with transient 
decreased platelet production, consistent with effects 
observed with abrocitinib [34, 35]. Emerging evidence also 

Fig. 3   Mean percent change 
from baseline in a LDL-C and 
b LDL/HDL ratio by visit in 
the placebo-controlled cohort. 
CI confidence interval, HDL 
high-density lipoprotein, 
LDL low-density lipoprotein, 
LDL-C low-density lipoprotein 
cholesterol. Error bars represent 
standard error
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points to a direct effect of JAK1-mediated IL-6 signaling 
on hematopoietic stem and progenitor cell pools [38–40], 
which could lead to transient reduction of IL-6–depend-
ent hematopoietic progenitors, resulting in low platelet and 
lymphocyte production [35]. Although no change in ALC 
was noted with abrocitinib over time, four patients (0.2%) 
had confirmed ALC < 0.5 × 103/mm3 in the first 4 weeks 
of therapy.

Interactions between JAK1- and JAK2-mediated activ-
ity are complex. Our data suggest that abrocitinib preserves 
JAK1 selectivity and that decreased platelet levels associated 
with abrocitinib may occur via IL-6–mediated decreases in 
TPO synthesis. This is supported by evidence that IL-6 inhi-
bition with monoclonal antibody tocilizumab is also associ-
ated with a decrease in platelet concentration [41].

Both lymphocyte and platelet effects are more pro-
nounced in older patients. These may be due to age-related 
decreases in immune function in bone marrow and periph-
eral blood [42]. Because effects on platelets and lympho-
cytes are predictable regarding timing and patient age, 
they are amenable to monitoring in the clinic. No clinically 
meaningful changes in neutrophil or hemoglobin levels were 
noted with abrocitinib treatment; any such changes are man-
ageable with appropriate monitoring early in treatment.

Other events related to JAK inhibition, such as malignancy 
and VTE, are likely to be managed similarly across this class 
of agents, either because they occur regardless of selectivity or 
occur infrequently enough that it is difficult to determine dif-
ferences based on JAK selectivity. The number of malignancies 
in the abrocitinib development program was small, limiting IR 
precision. Because JAK inhibitors may theoretically increase 
risk of malignancies [43], including lymphoma and NMSC, this 
potential risk remains for abrocitinib. Most cases of NMSCs 
occurred within the first 3 months of abrocitinib treatment, 
with none accruing thereafter. Identification of cases within 

3 months may be due to more frequent assessment by derma-
tologists in clinical trials or related to skin clearance, and not 
necessarily to JAK inhibition. Periodic examination of patients 
for NMSC should be considered, particularly those with risk 
factors (e.g., older age, history of UV phototherapy).

Dose-related events of VTE occurred in patients treated 
with abrocitinib and other JAK inhibitors [44, 45]. A popula-
tion-based cohort study in a Danish health care registry found 
VTE IR of 0.14 (95% CI 0.12–0.16) per 100 PY in individuals 
with AD compared with 0.12 (95% CI 0.11–0.12) per 100 PY 
for an age- and sex-matched general population control group 
(Pfizer, data on file). In our analysis, adjudicated IR for VTE 
in the all-abrocitinib cohort was 0.3/100 PY (95% CI 0.1–0.7), 
with all five events occurring in patients receiving abrocitinib 
200 mg. This suggests that appropriate patient selection (e.g., 
excluding patients with high risk of VTE such as previous PE 
or recent hospitalization) to minimize this risk may need to 
be considered. Note that exclusion criteria for VTE risk were 
added later in the abrocitinib development program as the class 
risk for VTE became clearer.

There were three adjudicated MACE with abrocitinib (IR 
0.18/100 PY [95% CI 0.04–0.52]). In a population-based 
cohort study of patients in a Danish health care registry, IRs 
for patients with AD and matched controls were 0.26 (95% 
CI 0.24–0.29) per 100 PY and 0.22 (95% CI 0.21–0.23) per 
100 PY, respectively (Pfizer, data on file).

Appropriate dose selection can minimize risk related to 
abrocitinib. The more robust efficacy of abrocitinib 200 mg, 
both its rapidity and depth of effect, suggests that this dose 
may be preferred for many patients. The safety and toler-
ability profile described here supports this dose for most 
patients, including adolescents. However, the 100-mg dose 
may be a more appropriate starting dose for patients with 
higher risk for or lower tolerance for adverse reactions. 
Although most patients aged ≥ 65 years tolerated abrocitinib 

Fig. 4   Line plot of median (Q1, 
Q3) creatinine kinase (U/L) 
data by visit in the placebo-
controlled cohort. Q quarter. 
Error bars represent interquar-
tile range



﻿ Phase II and III Integrated Safety Analysis of Abrocitinib for Moderate-to-Severe Atopic Dermatitis	

200 mg well, many dose-related effects, such as hematologic 
changes and herpes zoster, occurred at higher rates in this 
age group. Vaccination for herpes zoster should be given 
to eligible patients prior to initiating abrocitinib [21]. Most 
abrocitinib-treated patients did not have characteristics tra-
ditionally associated with cardiovascular risk (i.e., older age, 
smoking, history of cardiovascular disease, and diabetes). 
Although most patients with moderate-to-severe AD are 
unlikely to need lipid monitoring and management, patients 
with those risk factors may need closer attention.

5 � Conclusions

This is the first report of longer-term safety of abrocitinib 
in patients with moderate-to-severe AD. Abrocitinib, with 
proper patient and dose selection, has a manageable toler-
ability and longer-term safety profile appropriate for long-
term use. The long-term extension study is ongoing, and 
future analyses and additional data will provide further 
information on the long-term safety profile of abrocitinib.
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