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ABSTRACT
Objectives This post- hoc analysis explored the impact 
of body mass index (BMI) on tofacitinib efficacy/safety in 
patients with active psoriatic arthritis (PsA).
Methods Data were pooled from two phase 3 studies 
(NCT01877668; NCT01882439). Analyses included 
patients randomised to tofacitinib 5/10 mg two times 
a day or placebo, stratified by baseline BMI: <25 kg/
m2, ≥25–<30 kg/m2, ≥30–<35 kg/m2 or ≥35 kg/m2. 
Endpoints (month 3): American College of Rheumatology 
(ACR20/50/70), Health Assessment Questionnaire- 
Disability Index (HAQ- DI) and Psoriasis Area and Severity 
Index (PASI) 75 response rates; dactylitis/enthesitis 
resolution rates; changes from baseline Short Form-
36 Health Survey version 2 (SF- 36v2) Physical/Mental 
Component Summary (PCS/MCS) scores and Functional 
Assessment of Chronic Illness Therapy- Fatigue (FACIT- F) 
total score. Safety was also reported.
Results Analysis included 710 patients; 43.8% were 
obese (BMI ≥30 kg/m2). Tofacitinib demonstrated 
higher efficacy response rates at month 3, compared 
with placebo, regardless of baseline BMI. Generally, 
ACR20/50/70 and HAQ- DI response rates, enthesitis 
resolution rates and changes from baseline in SF- 36v2 
PCS score and FACIT- F total score (month 3) were reduced 
in patients with baseline BMI ≥35 kg/m2 versus patients 
with lower BMIs. Elevated alanine aminotransferase/
aspartate aminotransferase levels were reported in 
patients with baseline BMI ≥35 kg/m2 receiving tofacitinib 
5 mg but not 10 mg two times a day.
Conclusion Tofacitinib demonstrated greater efficacy than 
placebo in patients with PsA, regardless of baseline BMI. 
For all treatment arms, reduced efficacy was observed in 
patients with baseline BMI ≥35 kg/m2. Safety was generally 
comparable across BMI categories, although the effect of 
tofacitinib on liver enzymes in patients with baseline BMI 
≥35 kg/m2 was inconclusive.

INTRODUCTION
Obesity (body mass index (BMI)≥30 kg/m2) 
poses a significant global health and economic 
burden.1 Elevated BMI, a surrogate indicator 
of obesity,2 is a key risk factor for numerous 
conditions, including cardiovascular disease,3 

diabetes mellitus3 and chronic autoimmune 
disorders such as psoriatic arthritis (PsA).4 5

PsA is a chronic, systemic inflammatory 
arthritis characterised by involvement of 
the joints, entheses, skin and nails, and the 
axial skeleton.6 7 The prevalence of obesity 
is increased in patients with PsA compared 
with patients with psoriasis or rheumatoid 
arthritis (RA) and with the general popula-
tion.8–10 Furthermore, in a population- based 
study of ~2 million individuals, obesity was 
identified as a risk factor for developing PsA 
in patients with psoriasis and in the general 
population.4

Key messages

What is already known about this subject?
 ► Obesity is prevalent in patients with psoriatic arthri-
tis (PsA) and is associated with a reduced response 
to tumour necrosis factor inhibitors (TNFi).

What does this study add?
 ► The oral Janus kinase inhibitor tofacitinib demon-
strated greater efficacy than placebo in patients with 
PsA, irrespective of baseline body mass index (BMI).

 ► Efficacy response rates to tofacitinib and placebo 
were generally reduced in patients with baseline 
BMI ≥35 kg/m2, compared with patients with a low-
er baseline BMI.

 ► The safety profile of tofacitinib was largely similar 
across baseline BMI categories; however, per cent 
changes from baseline alanine aminotransferase 
and aspartate aminotransferase levels were great-
er in patients treated with tofacitinib 5 mg but not 
10 mg two times a day in the baseline BMI ≥35 kg/
m2 category compared with those in the other base-
line BMI categories.

How might this impact on clinical practice?
 ► Our data suggest that tofacitinib can still be consid-
ered an effective treatment option for patients with 
PsA, regardless of their BMI status.
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Treatment options for PsA include: non- steroidal anti- 
inflammatory drugs; conventional synthetic disease- 
modifying antirheumatic drugs (csDMARDs), for 
example, methotrexate, sulfasalazine and leflunomide; 
biological DMARDs (bDMARDS), for example, tumour 
necrosis factor inhibitors (TNFi), interleukin (IL)-12/23 
inhibitors and IL-17 inhibitors; and targeted synthetic 
DMARDs, for example, phosphodiesterase inhibitors 
and Janus kinase (JAK) inhibitors.11 12 Intriguingly, 
therapeutic response to TNFi was decreased in patients 
with obesity with PsA compared with patients without 
obesity.13 14 Moreover, in a meta- analysis of 19 372 patients 
with various autoimmune conditions, including PsA, 
patients with obesity were found to have 60% higher odds 
of failing TNFi therapy versus patients without obesity.15 
Weight loss (≥5% from baseline) is associated with higher 
rates of achieving minimal disease activity (MDA) in over-
weight patients or patients with obesity with PsA treated 
with TNFi.16 Accordingly, the Group for Research and 
Assessment of Psoriasis and Psoriatic Arthritis guide-
lines recommend maintaining a healthy body weight in 
patients with PsA to improve TNFi effectiveness.12

Tofacitinib is an oral JAK inhibitor for the treatment 
of PsA. The efficacy and safety of tofacitinib was demon-
strated in phase 3 trials of up to 12 months’ duration in 
patients with active PsA and an inadequate response to 
csDMARDs or TNFi therapy,17 18 and for up to 36 months’ 
duration in a long- term extension study.19 Here, for the 
first time, we examined the impact of baseline BMI on 
the efficacy and safety of tofacitinib in patients with active 
PsA. Understanding the potential effect of BMI on treat-
ment response in patients with PsA may inform thera-
peutic decision- making in the clinic.

METHODS
Patients
This post- hoc analysis pooled data from two randomised, 
placebo- controlled, double- blind, phase 3 studies 
(OPAL Broaden (NCT01877668); OPAL Beyond 
(NCT01882439)) in patients with active PsA.17 18

OPAL Broaden was a 12- month study in patients 
who had an inadequate response to ≥1 csDMARD and 
were TNFi- naïve. Patients were randomised 2:2:2:1:1 to 
receive oral tofacitinib 5 or 10 mg two times a day, adali-
mumab 40 mg subcutaneously every 2 weeks, or placebo 
progressing to tofacitinib 5 or 10 mg two times a day at 3 
months.17 OPAL Beyond was a 6- month study in patients 
who had an inadequate response to ≥1 TNFi and were 
randomised 2:2:1:1 to receive tofacitinib 5 or 10 mg two 
times a day, or placebo progressing to tofacitinib 5 or 
10 mg two times a day at 3 months.18 Throughout both 
studies, all patients were required to receive a stable dose 
of one csDMARD (eg, methotrexate, leflunomide or 
sulfasalazine). Full study details, including patient inclu-
sion and exclusion criteria, have been published previ-
ously.17 18 Briefly, eligible patients were aged ≥18 years, 
had signs and symptoms consistent with a diagnosis of 

PsA ≥6 months prior to the study and met the Classifica-
tion Criteria for Psoriatic Arthritis at screening.17 18

The current post- hoc analysis study included all patients 
from OPAL Broaden and OPAL Beyond who received 
tofacitinib 5 or 10 mg two times a day, or placebo. Patients 
were stratified into the following baseline BMI categories 
according to the WHO2: underweight/normal (<25 kg/
m2), overweight (≥25–<30 kg/m2), class 1 obesity (≥30–
<35 kg/m2), and class 2 and 3 obesity (≥35 kg/m2).

Both OPAL Broaden and OPAL Beyond were conducted 
in accordance with the Declaration of Helsinki and 
Good Clinical Practice Guidelines of the International 
Conference on Harmonisation, and were approved by 
the relevant Institutional Review Board and/or Indepen-
dent Ethics Committee of the investigational centres. All 
patients provided written, informed consent.

Efficacy outcomes
Efficacy data were pooled at month 3 from OPAL 
Broaden and OPAL Beyond and stratified by baseline 
BMI category. Endpoints included: American College 
of Rheumatology (ACR) 20/50/70% (ACR20/50/70) 
improvement from baseline in tender and swollen joint 
counts, and in three of the five remaining ACR core 
domains (patient’s and physician’s global assessment of 
arthritis activity, patient’s assessment of arthritis pain, 
measurement of disability and level of acute- phase 
reactants); Health Assessment Questionnaire- Disability 
Index (HAQ- DI) response rate (defined as a ≥0.35- point 
decrease from baseline, which is considered to be the 
minimum clinically important difference)20; response 
rate in achieving ≥75% reduction from baseline Psori-
asis Area and Severity Index (PASI75) in patients with 
baseline body surface area (BSA) ≥3% and PASI >0; 
dactylitis and enthesitis resolution rates (Dactylitis 
Severity Score (DSS)=0; Leeds Enthesitis Index (LEI)=0) 
in patients with baseline DSS >0 and LEI>0, respectively; 
least squares (LS) mean changes from baseline Short 
Form-36 Health Survey version 2 (SF- 36v2) Physical 
Component Summary (PCS) and Mental Component 
Summary (MCS) scores; LS mean change from base-
line Functional Assessment of Chronic Illness Therapy- 
Fatigue (FACIT- F) total scores; and LS mean change 
from baseline HAQ- DI scores.

Patients achieved MDA response if they met ≥5 of the 
following criteria: tender joint count ≤1; swollen joint 
count ≤1; PASI score ≤1 or BSA ≤3%; patient’s assessment 
of arthritis pain visual analogue scale (VAS)≤15 mm; 
patient’s global assessment of arthritis activity VAS≤20 mm; 
HAQ- DI score ≤0.5; or LEI≤1.

Safety outcomes
Safety data were pooled up to month 3 from OPAL 
Broaden and OPAL Beyond and stratified by baseline 
BMI category. Endpoints included adverse events (AEs), 
changes from baseline in liver function tests and lipid 
panel parameters.
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Statistical analyses
All analyses were performed on the full analysis set, 
which included patients who were randomised and 
received ≥1 dose of study treatment.

For the binary efficacy endpoints (ie, response rates), 
non- responder imputation was used to account for 
missing values; patients with missing values were treated 
as non- responders. Observed data were used for contin-
uous efficacy endpoints.

Multivariable analyses were conducted to evaluate the 
possible association between baseline BMI (as a contin-
uous or categorical variable) and the efficacy endpoints: 
ACR20/50/70, HAQ- DI and PASI75 response rates, and 
change from baseline in HAQ- DI, LEI and DSS. For 
each tofacitinib treatment group, a multivariable logistic 
regression analysis for binary endpoints and multivari-
able regression analysis for continuous endpoints were 
conducted, to determine significant predictors for each 
efficacy endpoint based on a backward selection method 
using a 5% level of significance. Separate models were run 
using categorical BMI and continuous BMI as covariates. 
Other baseline covariates included: age, race, gender, 
region, weight, smoking status, disease duration, prior 
bDMARD use, FACIT- F total score, LEI, DSS, C- reactive 
protein (CRP), metabolic syndrome, corticosteroid use, 
prior TNFi use, pain VAS, HAQ- DI, SF- 36v2 PCS and 
SF- 36v2 MCS. No multiplicity adjustment was performed 
in this post- hoc analysis. Safety endpoints were analysed 
descriptively.

RESULTS
Patients
In total, 710 patients (OPAL Broaden, n=316; OPAL 
Beyond, n=394) were included in this post- hoc analysis, 
311 (43.8%) of whom were obese. Of these, 186 had a 
BMI ≥30–<35 kg/m2, and 125 had a BMI ≥35 kg/m2. 
The majority of patients were middle- aged, female and 
Caucasian (table 1). Slightly more female patients were 
randomised to the <25 kg/m2 and ≥35 kg/m2 baseline 
BMI categories compared with patients in the other base-
line BMI categories. Metabolic syndrome and elevated 
CRP levels (>2.87 mg/L) were more frequent in patients 
with baseline BMI ≥35 kg/m2 versus those with a lower 
baseline BMI (table 1). Higher HAQ- DI scores, tender 
and swollen joint counts and lower SF- 36v2 PCS scores 
were observed in patients in the baseline BMI ≥35 kg/m2 
category, compared with patients in the other baseline 
BMI categories. Additionally, prior use of one bDMARD 
was more prevalent in patients with baseline BMI ≥35 kg/
m2 versus those with a lower baseline BMI.

Patient demographics and baseline disease characteris-
tics by baseline BMI category and treatment are shown in 
online supplemental table 1.

Efficacy outcomes by BMI category
Consistent with the main findings of OPAL Broaden 
and OPAL Beyond, ACR20/50/70, HAQ- DI and PASI75 

response rates at month 3 were higher in tofacitinib- 
treated patients, compared with placebo- treated patients, 
across all baseline BMI categories (figure 1). In all 
treatment groups, response rates were generally lower 
in patients in the baseline BMI ≥35 kg/m2 category, 
compared with patients in the other baseline BMI cate-
gories, particularly when treated with tofacitinib 10 mg 
two times a day (figure 1). In patients treated with 
placebo, the PASI75 response rate was higher in patients 
in the baseline BMI ≥35 kg/m2 category, compared with 
patients in the other baseline BMI categories (figure 1E). 
It should be noted that PASI75 response rate was only 
assessed in patients with baseline BSA ≥3% and PASI 
>0, and patient numbers were lower than those for the 
ACR20/50/70 and HAQ- DI response rates.

Consistent with the main findings of OPAL Broaden 
and OPAL Beyond, dactylitis and enthesitis resolu-
tion rates at month 3 were higher in tofacitinib- treated 
patients, compared with placebo- treated patients, across 
all baseline BMI categories (figure 2). The dactylitis reso-
lution rate was numerically higher in placebo- treated 
patients with baseline BMI ≥35 kg/m2, compared with 
placebo- treated patients in the other baseline BMI cate-
gories (figure 2A). Across all baseline BMI categories, 
the dactylitis resolution rate was increased in patients 
treated with tofacitinib 10 mg two times a day versus those 
treated with tofacitinib 5 mg two times a day or placebo 
(figure 2A). Patients with baseline BMI ≥35 kg/m2 exhib-
ited lower enthesitis resolution rates, compared with 
patients in the other baseline BMI categories, regardless 
of treatment (figure 2B).

Overall, patients treated with tofacitinib 5 and 10 mg 
two times a day exhibited greater mean changes from 
baseline SF36v2 PCS and MCS scores, FACIT- F total 
scores and HAQ- DI at month 3, compared with patients 
treated with placebo (figure 3). Patients in the baseline 
BMI ≥35 kg/m2 category treated with tofacitinib 5 or 
10 mg two times a day exhibited lower mean changes 
from baseline SF- 36v2 PCS score and FACIT- F total score, 
compared with patients in the other baseline BMI catego-
ries (figure 3A,C).

Multivariable analyses with BMI as both a categorical 
and continuous variable demonstrated that BMI was not 
a significant predictor of response across most efficacy 
endpoints at month 3, and across both tofacitinib treat-
ment groups (online supplemental table 2). However, 
in patients treated with tofacitinib 5 mg two times a day, 
BMI was a significant predictor of response for: ACR50 
response (BMI categorical; p=0.035), ACR70 response 
(BMI categorical (p=0.023) and continuous (p=0.002)), 
MDA rate (BMI categorical (p=0.048) and continuous 
(p=0.003)), and change from baseline at month 3 in 
HAQ- DI (BMI continuous; p=0.050).

Safety outcomes by BMI category
Online supplemental table 3 shows AEs reported in ≥5% 
of patients up to month 3 for each treatment group 
across baseline BMI categories. The most common 

https://dx.doi.org/10.1136/rmdopen-2020-001486
https://dx.doi.org/10.1136/rmdopen-2020-001486
https://dx.doi.org/10.1136/rmdopen-2020-001486
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Table 1 Patient demographics and baseline disease characteristics by baseline body mass index (BMI) category (pooled 
data from OPAL Broaden and OPAL Beyond)

  

Baseline BMI category

<25 kg/m2

(underweight/normal)
N=161 (22.7%)

≥25–<30 kg/m2

(overweight)
N=238 (33.5%)

≥30–<35 kg/m2

(class 1 obesity)
N=186 (26.2%)

≥35 kg/m2

(class 2 and 3 obesity)
N=125 (17.6%)

Patient demographics

  Age, years, mean (SD) 44.5 (12.9) 50.0 (11.8) 50.5 (11.7) 51.2 (11.3)

  Female, n (%) 101 (62.7) 118 (49.6) 92 (49.5) 82 (65.6)

  White, n (%) 149 (92.5) 224 (94.1) 175 (94.1) 121 (96.8)

  BMI, kg/m2, mean (SD) 22.5 (1.7) 27.5 (1.4) 32.3 (1.4) 39.6 (4.1)

  Weight, kg, n (%)

   <60 55 (34.2) 0 1 (0.5) 1 (0.8)

   ≥60–<90 104 (64.6) 202 (84.9) 78 (41.9) 11 (8.8)

   ≥90 2 (1.2) 36 (15.1) 107 (57.5) 113 (90.4)

  Waist circumference, cm, mean (SD)* 81.0 (9.0) 95.2 (10.5) 106.0 (9.3) 118.0 (13.2)

  Metabolic syndrome, n (%)† 7 (4.3) 85 (35.7) 107 (57.5) 95 (76.0)

  Never smoked, n (%) 110 (68.3) 147 (61.8) 108 (58.1) 72 (57.6)

Baseline disease characteristics

  PsA duration, years, mean (SD) 8.1 (7.7) 8.0 (7.8) 8.5 (7.1) 7.3 (6.3)

  HAQ- DI, mean (SD) 1.1 (0.7) 1.1 (0.7) 1.2 (0.6) 1.5 (0.7)

  SF- 36v2 PCS score, mean (SD) 36.5 (8.7) 35.3 (8.5) 34.2 (7.9) 30.8 (8.2)

  SF- 36v2 MCS score, mean (SD) 38.6 (11.4) 41.9 (11.7) 39.9 (11.8) 39.3 (12.6)

  FACIT- F total score, mean (SD) 27.5 (10.7) 28.9 (10.8) 27.3 (10.1) 24.1 (11.8)

  CRP mg/L, mean (SD) 14.2 (27.5) 10.6 (18.8) 9.9 (17.3) 14.4 (19.2)

   >2.87 mg/L, n (%)‡ 79 (49.1) 143 (60.1) 117 (62.9) 105 (84.0)

  PASI, mean (SD) 9.2 (8.5) 9.7 (8.3) 10.4 (9.5) 10.1 (8.1)

  BSA ≥3%, n (%) 113 (70.2) 162 (68.1) 125 (67.2) 81 (64.8)

  SJC, mean (SD) 9.9 (7.7) 12.1 (9.6) 11.7 (9.6) 14.7 (11.5)

  TJC, mean (SD) 18.5 (13.0) 21.0 (14.2) 20.7 (13.6) 26.4 (16.8)

  DSS, mean (SD) (N1)§ 8.7 (7.7) (82) 8.9 (8.7) (133) 7.2 (6.5) (88) 9.6 (9.5) (70)

  LEI, mean (SD) (N2)¶ 2.6 (1.4) (101) 2.9 (1.6) (160) 3.1 (1.7) (123) 3.2 (1.7) (95)

  Number of prior bDMARDs, n (%)

   0 70 (43.5) 114 (47.9) 79 (42.5) 42 (33.6)

   1 55 (34.2) 79 (33.2) 59 (31.7) 53 (42.4)

   ≥2 36 (22.4) 45 (18.9) 48 (25.8) 30 (24.0)

  Corticosteroid use at baseline, n (%) 35 (21.7) 47 (19.7) 40 (21.5) 31 (24.8)

  NSAID use at baseline, n (%) 91 (56.5) 135 (56.7) 96 (51.6) 70 (56.0)

  Concomitant methotrexate, n (%) 122 (75.8) 202 (84.9) 139 (74.7) 93 (74.4)

   Dose, mg/week, mean (SD) 15.3 (4.2) 14.8 (4.3) 14.8 (4.6) 15.3 (4.2)

   ≤15 mg/week, n (%) 79 (49.1) 140 (58.8) 91 (48.9) 61 (48.8)

   >15 mg/week, n (%) 43 (26.7) 62 (26.1) 48 (25.8) 23 (25.6)

*Baseline waist circumference data were unavailable for one patient in the <25 kg/m2 category and three patients in the ≥25–<30 kg/m2 category.
†A patient was classified as having baseline metabolic syndrome if any three of the five metabolic syndrome risk factors at baseline were satisfied: 
hypertension (systolic ≥130 mm Hg and/or diastolic ≥85 mm Hg and/or concomitant antihypertensive medication), elevated triglycerides (≥150 mg/
dL, 1.7 mmol/L and/or concomitant lipid- lowering medication), reduced high- density lipoprotein cholesterol (<40 mg/dL, 1.0 mmol/L in males; 
<50 mg/dL, 1.3 mmol/L in females), elevated waist circumference (population- specific and country- specific definitions) and elevated fasting glucose 
levels (≥100 mg/dL and/or concomitant anti- diabetic medication).45

‡Elevated level of CRP defined as >2.87 mg/L.
§Assessed only in patients with baseline DSS >0.
¶Assessed only in patients with baseline LEI >0.
bDMARD, biological disease- modifying antirheumatic drug; BSA, body surface area; CRP, C- reactive protein; DSS, Dactylitis Severity Score; 
FACIT- F, Functional Assessment of Chronic Illness Therapy- Fatigue; HAQ- DI, Health Assessment Questionnaire- Disability Index; LEI, Leeds 
Enthesitis Index; MCS, Mental Component Summary; N, number of patients randomised and treated; N1, number of patients with baseline DSS >0; 
N2, number of patients with baseline LEI >0; NSAID, non- steroidal anti- inflammatory drug; PASI, Psoriasis Area and Severity Index; PCS, Physical 
Component Summary; PsA, psoriatic arthritis; SF- 36v2, Short Form-36 Health Survey version 2; SJC, swollen joint count; TJC, tender joint count.
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Figure 1 Response rates at month 3 for (A) ACR20,* (B) ACR50,* (C) ACR70,* (D) HAQ- DI† and (E) PASI75‡ by baseline 
BMI category and treatment group (pooled data from OPAL Broaden and OPAL Beyond). N indicates the number of patients 
with non- missing BMI evaluable at month 3; n indicates the number of responders. All patients received a stable dose of 
one csDMARD throughout each study. *ACR20/50/70 response rates were defined as the proportions of patients achieving 
a ≥20/50/70% improvement from baseline in tender and swollen joint counts and ≥20/50/70% improvement from baseline in 
three of the five remaining ACR core measures. †HAQ- DI response rate was defined as the proportion of patients achieving 
a reduction from baseline HAQ- DI of ≥0.35, considered the minimum clinically important difference. ‡PASI75 response rate 
was defined as the proportion of patients achieving a reduction from baseline PASI of ≥75%, assessed only in patients with 
baseline BSA ≥3% and a baseline PASI>0. ACR20/50/70, American College of Rheumatology≥20/50/70% response criteria; 
BID, two times a day; BMI, body mass index; BSA, body surface area; csDMARD, conventional synthetic disease- modifying 
antirheumatic drug; HAQ- DI, Health Assessment Questionnaire- Disability Index; PASI75, ≥75% Psoriasis Area and Severity 
Index improvement from baseline.
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Figure 2 Resolution rates at month 3 for (A) dactylitis* and (B) enthesitis† by baseline BMI category and treatment group 
(pooled data from OPAL Broaden and OPAL Beyond). N indicates the number of patients with non- missing BMI evaluable at 
month 3; n indicates the number of responders. All patients received a stable dose of one csDMARD throughout each study. 
*Dactylitis resolution rates, defined as the absence of dactylitis in all of the 20 assessed digits, assessed only in patients with 
baseline DSS >0. †Enthesitis resolution rates, defined as the absence of enthesitis in all of the six assessed sites, assessed 
only in patients with baseline LEI >0. BID, two times a day; BMI, body mass index; csDMARD, conventional synthetic disease- 
modifying antirheumatic drug; DSS, Dactylitis Severity Score; LEI, Leeds Enthesitis Index.

Figure 3 LS mean (SE) changes from baseline at month 3 in (A) SF- 36v2 PCS score, (B) SF- 36v2 MCS score, (C) FACIT- F total 
score and (D) HAQ- DI by baseline BMI category and treatment group (pooled data from OPAL Broaden and OPAL Beyond). 
N indicates the number of patients with non- missing BMI evaluable at month 3; n indicates the number of responders. All 
patients received a stable dose of one csDMARD throughout each study. Δ, change from baseline; BID, two times a day; BMI, 
body mass index; csDMARD, conventional synthetic disease- modifying antirheumatic drug; FACIT- F, Functional Assessment of 
Chronic Illness Therapy- Fatigue; HAQ- DI, Health Assessment Questionnaire- Disability Index; LS, least squares; MCS, Mental 
Component Summary; PCS, Physical Component Summary; SF- 36v2, Short Form-36 Health Survey version 2.
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AEs were similar to past reports17 18; falls, constipation, 
dizziness, bronchitis and dry skin were reported more 
frequently among patients with baseline BMI ≥35 kg/
m2. Up to month 3, three cardiovascular events were 
reported: a non- fatal cerebrovascular accident and a 
transient ischaemic attack (both occurring in the same 
patient; tofacitinib 5 mg two times a day; baseline BMI 
≥30–<35 kg/m2) and a coronary artery revascularisation 
(patient received placebo; baseline BMI ≥35 kg/m2). 
One patient treated with tofacitinib 5 mg two times a 
day in the baseline BMI ≥30–<35 kg/m2 category had an 
arterial thromboembolic event. Those that experienced 
cardiovascular and thromboembolic events were found 
to have a history of hypertension, coronary heart disease, 
abnormal ECGs or angina. In this dataset, no deep vein 
thrombosis or pulmonary embolism events were reported 
up to month 3.

At month 3, per cent changes from baseline alanine 
aminotransferase (ALT) and aspartate aminotrans-
ferase (AST) levels were greater in patients treated with 
tofacitinib 5 and 10 mg two times a day, compared with 
patients treated with placebo, regardless of BMI category 
(table 2). Among patients treated with tofacitinib 5 mg 
two times a day, per cent changes in ALT and AST levels 
were notably greater in the baseline BMI ≥35 kg/m2 cate-
gory than in the other baseline BMI categories; among 
patients treated with tofacitinib 10 mg two times a day, 
per cent changes in ALT and AST levels were greater in 
the baseline BMI ≥25–<30 kg/m2 category than in the 
other baseline BMI categories. Generally, observations 
were similar for absolute liver enzyme levels (table 2).

For most BMI categories, per cent changes from base-
line at month 3 in low- density lipoprotein, high- density 
lipoprotein, total cholesterol and triglyceride levels were 
greater in tofacitinib- treated patients, compared with 
placebo- treated patients. However, per cent changes from 
baseline triglyceride levels were higher in patients treated 
with placebo, compared with patients treated with tofac-
itinib 5 mg two times a day in the baseline BMI <25 kg/
m2 category, and tofacitinib 5 and 10 mg two times a day 
in the baseline BMI ≥30–<35 kg/m2 category (table 2). 
Among patients treated with tofacitinib 5 mg two times a 
day, per cent change from baseline triglyceride levels was 
notably lower in the baseline BMI <25 kg/m2 category 
versus the other baseline BMI categories.

DISCUSSION
This post- hoc analysis investigated the impact of base-
line BMI on tofacitinib efficacy and safety in patients 
with active PsA. Tofacitinib 5 and 10 mg two times a 
day demonstrated higher efficacy response rates at 
month 3, compared with placebo, regardless of base-
line BMI. Patients in the baseline BMI ≥35 kg/m2 cate-
gory had more active disease (eg, elevated CRP levels 
(>2.87 mg/L) and higher tender/swollen joint counts) 
at baseline compared with patients in the other baseline 
BMI categories. For tofacitinib and placebo treatment 

arms, efficacy response rates were generally reduced in 
patients with baseline BMI ≥35 kg/m2 compared with 
patients with lower baseline BMIs. Additionally, baseline 
BMI was found to be a significant predictor of response 
for ACR50/70 and MDA rates, and change from baseline 
in HAQ- DI at month 3 in patients receiving tofacitinib 
5 mg (but not 10 mg) two times a day. Up to month 3, 
there were no notable differences in the safety profile of 
tofacitinib between baseline BMI categories; however, the 
per cent changes from baseline ALT and AST levels were 
greater in patients treated with tofacitinib 5 mg (but not 
10 mg) two times a day in the baseline BMI ≥35 kg/m2 
category, compared with patients in the other baseline 
BMI categories.

Elevated ALT and AST levels in patients with base-
line BMI ≥35 kg/m2 treated with tofacitinib 5 mg but 
not 10 mg two times a day provide limited evidence for 
an effect of tofacitinib on the liver enzymes of this BMI 
cohort. The small sample size within each tofacitinib arm 
(tofacitinib 5 mg two times a day, n=42; tofacitinib 10 mg 
two times a day, n=43) of the baseline BMI ≥35 kg/m2 
category may have led to this random finding, although 
there could be other putative explanations. For example, 
undiagnosed non- alcoholic fatty liver disease, which 
is prevalent in obesity,21 might have contributed to the 
elevated ALT and AST levels in patients with baseline BMI 
≥35 kg/m2 treated with tofacitinib 5 mg two times a day; 
although baseline ALT and AST levels in patients in the 
BMI ≥35 kg/m2 category were relatively similar to those 
in patients in the other baseline BMI categories. Further-
more, there were no notable differences in baseline 
disease characteristics or prior/baseline/concomitant 
treatments between BMI categories (or study treatment 
arms) that could account for the elevated liver enzyme 
levels observed in patients with baseline BMI ≥35 kg/m2 
receiving tofacitinib 5 mg two times a day.

Overall, for most lipid panel measures, the per cent 
changes from baseline at month 3 were greater in 
patients treated with tofacitinib than in those treated with 
placebo, regardless of baseline BMI. Small increases in 
cholesterol, low- density lipoprotein, high- density lipopro-
tein and triglyceride levels have been reported previously 
in patients with moderate to severe psoriasis treated with 
tofacitinib at week 16.22 Accordingly, blockade of IL-6, 
a downstream target of tofacitinib,23 is associated with 
increased low- density lipoprotein levels in patients with 
RA.24 Although obesity is associated with dyslipidaemia,25 
we observed no notable relationship between BMI and 
per cent changes from baseline lipid panel measures in 
response to tofacitinib.

In obese individuals, adipocyte hypertrophy can lead 
to overproduction of proinflammatory cytokines (eg, 
TNF-α and IL-6) which may increase the risk and severity 
of inflammatory disorders.26–29 Accordingly, there is an 
increased prevalence of obesity among patients with 
PsA.8–10 Moreover, patients with obesity with PsA have 
been shown to exhibit higher Disease Activity Score 
28 and pain scores, compared with patients without 
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obesity.14 The ongoing PsABio study (NCT02627768), 
including patients with PsA from eight European coun-
tries, recently reported an association between elevated 
BMI and higher clinical Disease Activity in Psoriatic 

Arthritis, Psoriatic Impact of Disease-12 and HAQ- DI 
scores.30 Here, increased baseline BMI (≥35 kg/m2) was 
generally associated with increased tender and swollen 
joint counts, PASI75 and HAQ- DI scores, elevated CRP 

Table 2 Liver enzyme and lipid panel parameters at month 3, by baseline BMI category and treatment group

Baseline BMI category

<25 kg/m2 
(underweight/normal)

≥25–<30 kg/m2 
(overweight)

≥30–<35 kg/m2 
(class 1 obesity)

≥35 kg/m2 (class 
2 and 3 obesity)

Liver function test

  ALT, % change from baseline, mean (SD) (N)

   Tofacitinib 5 mg two times a day 22.67 (73.7) (46) 12.70 (52.9) (84) 15.81 (50.5) (56) 34.13 (68.8) (40)

   Tofacitinib 10 mg two times a day 19.91 (41.9) (43) 34.33 (123.4) (78)* 21.22 (41.2) (60) 27.30 (40.3) (41)

   Placebo 16.54 (84.7) (58) 11.68 (58.4) (66) 7.23 (46.1) (62) 11.39 (48.0) (35)

  ALT, IU/L, mean (SD) (N)

   Tofacitinib 5 mg two times a day 22.93 (16.71) (46) 26.42 (14.37) (84) 30.50 (22.19) (56) 31.88 (19.06) (40)

   Tofacitinib 10 mg two times a day 20.19 (10.39) (43) 28.87 (15.68) (78) 31.83 (13.63) (60) 31.44 (13.93) (41)

   Placebo 18.02 (9.97) (58) 26.33 (15.56) (66) 24.53 (12.09) (62) 27.17 (18.63) (35)

  AST, % change from baseline, mean (SD) (N)

   Tofacitinib 5 mg two times a day 13.67 (36.0) (46) 13.97 (42.2) (83) 10.22 (30.8) (55) 32.52 (52.9) (40)

   Tofacitinib 10 mg two times a day 18.07 (43.1) (43) 20.13 (43.1) (78) 16.25 (32.0) (59) 19.05 (33.5) (41)

   Placebo 5.70 (31.9) (58) 6.32 (42.0) (66) 3.01 (29.7) (62) 1.17 (26.0) (35)

  AST, IU/L, mean (SD) (N)

   Tofacitinib 5 mg two times a day 22.67 (7.89) (46) 24.23 (9.81) (83) 25.22 (10.02) (55) 28.20 (16.34) (40)

   Tofacitinib 10 mg two times a day 22.70 (8.90) (43) 26.03 (8.86) (78) 26.29 (8.47) (59) 27.15 (8.17) (41)

   Placebo 19.50 (5.48) (58) 24.85 (17.92) (66) 20.44 (6.09) (62) 20.69 (8.91) (35)

Lipid panel†

  LDL, % change from baseline, mean (SD) (N)

   Tofacitinib 5 mg two times a day 4.29 (15.1) (45) 12.22 (24.2) (73) 7.08 (18.3) (53) 12.11 (19.3) (37)

   Tofacitinib 10 mg two times a day 16.88 (27.3) (40) 14.96 (24.8) (71) 13.03 (26.0) (57) 11.35 (26.8) (33)

   Placebo 1.77 (21.0) (57) 7.27 (17.7) (61) 4.98 (21.2) (56) 1.98 (13.4) (31)

  HDL, % change from baseline, mean (SD) (N)

   Tofacitinib 5 mg two times a day 6.64 (13.4) (45) 13.27 (24.9) (78) 5.33 (14.3) (53) 11.80 (21.9) (38)

   Tofacitinib 10 mg two times a day 20.05 (21.0) (40) 9.63 (18.9) (72) 15.59 (17.0) (58) 14.88 (18.0) (36)

   Placebo -2.16 (18.4) (57) 0.87 (15.5) (64) -1.15 (13.8) (58) 0.24 (16.6) (32)

  Total cholesterol, % change from baseline, mean (SD) (N)

   Tofacitinib 5 mg two times a day 3.70 (11.2) (45) 11.42 (17.4) (79) 6.27 (13.0) (53) 10.41 (9.3) (38)

   Tofacitinib 10 mg two times a day 15.90 (20.7) (40) 12.16 (17.3) (73) 12.94 (18.1) (58) 7.62 (18.8) (37)

   Placebo −0.56 (12.6) (57) 4.35 (14.0) (64) 3.50 (15.1) (58) -0.57 (9.4) (32)

  Triglycerides, % change from baseline, mean (SD) (N)

   Tofacitinib 5 mg two times a day 0.37 (29.6) (45) 9.87 (42.9) (79) 14.72 (47.6) (53) 11.20 (32.7) (38)

   Tofacitinib 10 mg two times a day 12.12 (59.2) (40) 23.21 (57.8) (72) 16.86 (45.9) (58) 9.84 (62.3) (36)

   Placebo 8.53 (38.1) (57) 8.76 (49.1) (64) 17.54 (53.8) (58) 0.12 (31.8) (32)

N indicates the number of patients assessed at baseline and month 3. All patients received a stable dose of one csDMARD throughout each 
study.
*High SD value due to a per cent change in ALT level of 1037.50 reported for one patient. Note that this value was not considered to be 
clinically significant, and had decreased at retesting.
†Data on lipids for patients in fasting state only.
ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; csDMARD, conventional synthetic disease- 
modifying antirheumatic drug; HDL, high- density lipoprotein; IU/L, international units/litre; LDL, low- density lipoprotein.
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(>2.87 mg/L) and decreased SF- 36v2 PCS scores at 
baseline. Additionally, among placebo- treated patients, 
those with a baseline BMI ≥35 kg/m2 typically exhibited 
reduced efficacy response rates at month 3, compared 
with those in lower baseline BMI categories.

Tofacitinib inhibits the downstream signalling of 
several JAK- dependent cytokines, including TNF-α and 
IL-623; it is, therefore, possible that the therapeutic 
effectiveness of tofacitinib is attenuated by the elevated 
expression of proinflammatory cytokines in patients 
with obesity. Accordingly, among patients treated with 
tofacitinib 5 mg and 10 mg two times a day, those with a 
baseline BMI ≥35 kg/m2 generally experienced reduced 
efficacy response rates at month 3, versus those with 
lower baseline BMIs. Interestingly, an analysis of pooled 
data from two phase 3 studies in patients with RA treated 
with the JAK inhibitor baricitinib revealed reduced 
ACR20/50/70 response rates after 12 weeks in patients 
with baseline BMI >30.7 kg/m2, compared with those 
with lower baseline BMIs.31 Additionally, patients with 
obesity (BMI ≥30 kg/m2) with RA were reported to have 
reduced rates of achieving low disease activity and remis-
sion compared with normal weight (BMI <25 kg/m2) and 
overweight (BMI ≥25–<30 kg/m2) patients at 6 months 
after commencing baricitinib or tofacitinib treatment.32 
It should be noted that tofacitinib has been shown to be 
efficacious versus placebo, in patients with PsA in the 
current study, and in patients with RA,33 regardless of 
BMI.

It is also noteworthy that pooled analyses of phase 3 
studies in patients with RA33 and ulcerative colitis34 
receiving tofacitinib 5 or 10 mg two times a day, or 
placebo, revealed similar efficacy outcomes across all 
treatment groups, regardless of baseline BMI category; 
however, these analyses included three BMI categories 
(<25 kg/m2, 25–<30 kg/m2 and ≥30 kg/m2) and the 
current analysis included a fourth BMI category (≥35 kg/
m2), so a direct comparison with this analysis is limited.

Tofacitinib has moderate lipophilicity. Analysis of phar-
macokinetic parameters for tofacitinib demonstrated 
that while increased body weight results in lower peak 
(Cmax) and higher trough (Cmin) plasma concentrations, 
it has no clinically relevant impact on total drug exposure 
(AUC); therefore, no dose adjustment is recommended 
for tofacitinib based on patients’ body weight.35 The 
reduced efficacy response to tofacitinib in patients with 
baseline BMI ≥35 kg/m2 could be due to a larger volume 
of distribution, which can lower plasma concentrations. 
Body weight has been shown to influence the PK profile 
of biological agents, including TNFi, in various immune 
disorders.36–38 In a population PK study in patients with 
chronic inflammatory diseases, including PsA, treated 
with the TNFi infliximab, drug volume of distribution 
and clearance increased with body weight.37

In patients with obesity, increased immunogenicity 
and elevated drug clearance may account for the effect 
of high body weight on decreased efficacy of TNFi and 
other biological agents.15 39 A study in patients with 

PsA, RA and controls without rheumatic disease (n=89) 
reported increased adipose expression of inflammatory 
genes in patients with PsA, compared with patients with 
RA or controls, across all BMI categories. Additionally, 
patients treated with biologics expressed high adipose 
levels of inflammatory genes regardless of baseline BMI.40

Interestingly, although obesity is associated with a 
slight attenuated therapeutic response to TNFi and 
JAK inhibitors in patients with PsA and RA,13–15 31 the 
response to the IL-6 inhibitor tocilizumab in patients 
with RA was reported to not be affected by high baseline 
BMI.41 However, IL-6 inhibitors are not indicated for the 
treatment of PsA. The reasons why TNFi and JAK inhib-
itors have reduced effectiveness in patients with obesity 
compared with other drugs are poorly understood; 
however, PK properties, volume of distribution and lipo-
philicity may be contributing factors.42 It is also possible 
that, due to the inflammatory processes associated with 
obesity,26–29 higher doses of TNFi or JAK inhibitors 
are required to treat individuals with an elevated BMI, 
compared with those with lower BMIs.

Current ACR guidelines for the treatment of PsA 
recommend weight loss in overweight patients or patients 
with obesity to potentially improve pharmacologic 
responses.43 Correspondingly, in patients with obesity 
with PsA, weight loss has been reported to improve 
disease activity in a dose- dependent manner.44

A limitation of this research is that the analysis was 
post- hoc, and comparisons between tofacitinib and 
placebo treatment groups were limited to the 3- month, 
placebo- controlled portion of the OPAL Broaden and 
OPAL Beyond studies; further research is required to 
evaluate the long- term impact of BMI on treatment 
response to tofacitinib in patients with PsA in the real 
world. No adjustments for multiple comparisons were 
performed for this analysis; therefore, chance find-
ings cannot be ruled out. In addition, small numbers 
of patients in the treatment and BMI strata limit the 
breadth of the conclusions that can be made from these 
analyses. Measures of peripheral proinflammatory mole-
cules, such as IL-6 or leptin were not part of the study 
design and may have provided additional insight into 
the study results.

CONCLUSIONS
Across all baseline BMI categories, tofacitinib demon-
strated higher efficacy in patients with PsA at month 
3, compared with placebo. However, similar to TNFi 
therapy,13–15 reduced efficacy was generally observed 
in tofacitinib- treated and placebo- treated patients with 
baseline BMI ≥35 kg/m2, compared with patients in the 
other baseline BMI categories. In general, tofacitinib 
safety appeared similar across all baseline BMI categories 
up to month 3, although the effect of tofacitinib on liver 
enzymes in patients with baseline BMI ≥35 kg/m2 was 
inconclusive.
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