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Summary
Background: Obesity may affect efficacy and safety of biologic treatments for ul-
cerative colitis (UC). Tofacitinib is an oral, small molecule Janus kinase inhibitor for 
the treatment of UC.
Aims: To assess efficacy and safety of tofacitinib in patients with UC, by baseline 
body mass index (BMI).
Methods: This post hoc analysis evaluated patients with UC receiving placebo or to-
facitinib from the 8- week OCTAVE Induction 1 and 2 (NCT01465763, NCT01458951) 
and 52- week OCTAVE Sustain (NCT01458574) studies. Patients were stratified 
by BMI at OCTAVE Induction 1 and 2 baseline (<25, 25 to <30 and ≥30 kg/m2). 
Outcomes included remission, endoscopic improvement, clinical response, sustained 
steroid- free remission, Inflammatory Bowel Disease Questionnaire total score and 
Short Form- 36 Health Survey scores. Adverse events were evaluated.
Results: At Week 8 of OCTAVE Induction 1 and 2, and Week 52 of OCTAVE 
Sustain, higher proportions of patients receiving tofacitinib 5 or 10 mg twice daily 
(b.d.) achieved clinical response vs placebo, regardless of baseline BMI subgroup (all 
P < 0.05). Proportions of patients achieving efficacy endpoints were generally similar 
across BMI subgroups; in univariate and multivariate regression analyses, BMI was 
not a significant predictor (all P ≥ 0.05; univariate BMI [continuous] odds ratio for 
remission: 0.98 [95% confidence interval 0.95, 1.02]). There was no consistent trend 
between BMI and adverse events. Among patients receiving tofacitinib 10 mg b.d. in 
OCTAVE Induction 1 and 2, serious infections were numerically greater in the BMI 
≥30 subgroup (3.2%) vs other subgroups (0.4%). Limitations included small patient 
numbers in the BMI ≥30 subgroup.
Conclusions: Efficacy and safety of tofacitinib were similar in patients with UC re-
gardless of baseline BMI.
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1  | INTRODUC TION

The prevalence of both obesity (defined as body mass index [BMI] 
≥30 kg/m2) and ulcerative colitis (UC) have increased substantially 
within the past few decades.1,2 Specifically, between 1980 and 
2013, the global prevalence of overweight and obesity in adults rose 
by 28%,1 while the estimated prevalence of UC in the Western world 
is now approximately 0.5%.2 High BMI has also been associated with 
an increased risk of treatment failure in patients with UC treated 
with biologics.3 Consequently, it is important to understand if BMI is 
a key parameter that should be considered when making treatment 
decisions for patients with UC; to do this, more evidence is needed 
regarding the effect of BMI on the efficacy and safety of advanced 
therapies for UC.

Tofacitinib is an oral, small molecule Janus kinase inhibitor for 
the treatment of UC. The efficacy and safety of tofacitinib in pa-
tients with moderately to severely active UC were demonstrated 
in two identical, 8- week Phase 3 studies (OCTAVE Induction 
1 and 2, NCT01465763 and NCT01458951), a 52- week, Phase 
3 maintenance study (OCTAVE Sustain, NCT01458574)4 and 
an open- label, long- term extension study (OCTAVE Open, 
NCT01470612).5 Pharmacokinetic analysis of tofacitinib demon-
strated that an increased body weight resulted in lower peak 
(Cmax) and higher trough (Cmin) plasma concentrations, but as 
these differences were not considered to be clinically relevant, 
tofacitinib dose adjustment based on patients’ body weight is 
not recommended.6 In patients with psoriatic arthritis, efficacy 
response rates to tofacitinib were generally reduced in patients 
with baseline BMI ≥35 kg/m2, compared with patients with lower 
baseline BMI.7

This post hoc analysis aimed to determine if BMI or body weight 
affects the efficacy or safety of tofacitinib 5 or 10 mg twice daily 
(b.d.) treatment in patients with moderate to severe UC from the 
OCTAVE Induction 1 and 2 and OCTAVE Sustain studies.

2  | METHODS

2.1 | Patients and study design

Full details of OCTAVE Induction 1 and 2 and OCTAVE Sustain 
study designs, inclusion and exclusion criteria, and patient popula-
tions have been described previously.4 Briefly, patients in OCTAVE 
Induction 1 and 2 were randomised to receive tofacitinib 10 mg b.d. 
or placebo, with final efficacy assessment at Week 8. Patients who 
completed OCTAVE Induction 1 and 2 with a clinical response could 
enter OCTAVE Sustain and were re- randomised to receive tofaci-
tinib 5 mg b.d., tofacitinib 10 mg b.d. or placebo, with final efficacy 
assessment at Week 52. All patients were required to have failed 
or be intolerant to glucocorticoids, immunosuppressants or tumour 
necrosis factor inhibitors (TNFi).

In this post hoc analysis, patients were stratified into one 
of three subgroups according to their BMI (<25, 25 to <30 and 

≥30 kg/m2) at baseline of OCTAVE Induction 1 and 2. These sub-
groups were defined using the widely accepted BMI categories 
of normal weight (18.5- 24.9 kg/m2), overweight (25.0- 29.9 kg/
m2) and obese (≥30 kg/m2).8 Changes in BMI over time among pa-
tients in OCTAVE Sustain were assessed from baseline through 
Week 52. For analysis of efficacy and safety outcomes in OCTAVE 
Sustain, results were based on patient BMI at baseline of OCTAVE 
Induction 1 and 2.

2.2 | Efficacy assessments

In OCTAVE Induction 1 and 2, the primary efficacy endpoint was 
remission (defined as a total Mayo score of ≤2 with no individual 
subscore >1, and a rectal bleeding subscore of 0) at Week 8. The 
key secondary endpoint was endoscopic improvement (defined as 
mucosal healing in the original OCTAVE protocols; defined as a 
Mayo endoscopic subscore of 0 or 1) at Week 8. Additional end-
points included clinical response (defined as a decrease from in-
duction study baseline total Mayo score of ≥3 points and ≥30%, 
plus a decrease in rectal bleeding subscore of ≥1 point or an abso-
lute rectal bleeding subscore of 0 or 1) and health- related quality 
of life (HRQoL; assessed using the Inflammatory Bowel Disease 
Questionnaire [IBDQ] total score and the Short Form 36- item 
Health Survey [SF- 36] Physical Component Summary [PCS] and 
Mental Component Summary [MCS] scores) at Week 8. The IBDQ 
assesses 32 items, and total scores range from 32 to 224, with 
higher scores indicating better HRQoL.4,9 The SF- 36 PCS and 
MCS scores range from 0 to 100, with higher scores indicating 
better HRQoL.10

Similar efficacy endpoints are reported from OCTAVE Sustain, 
including the primary efficacy endpoint of remission at Week 52. Key 
secondary endpoints were endoscopic improvement at Week 52 and 
sustained steroid- free remission (remission at baseline and at both 
Weeks 24 and 52, without the administration of glucocorticoids for 
≥4 weeks before the assessment) among patients who were in remis-
sion at OCTAVE Sustain entry. Additional endpoints included IBDQ 
total score and SF- 36 PCS and MCS scores at Week 52.

2.3 | Safety assessments

Discontinuations and adverse events of special interest, includ-
ing infections, serious infections, opportunistic infections, herpes 
zoster, major adverse cardiovascular events (MACE), malignancy 
(excluding non- melanoma skin cancer [NMSC]) and NMSC were 
reported through Week 8 for OCTAVE Induction 1 and 2, and 
through Week 52 for OCTAVE Sustain. A serious infection was 
defined as an infection meeting the serious adverse event re-
porting criteria or an infection requiring parenteral antimicrobial 
therapy. Adverse events were coded using the Medical Dictionary 
for Regulatory Activities, Version 19.0. Patients were required 
to discontinue from the study if they had a serious infection. 
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Adjudication of opportunistic infection, MACE, malignancies (ex-
cluding NMSC) and NMSC were based on review by an independ-
ent committee.

2.4 | Statistical analyses

BMI was defined as weight/(height),2 with weight in kilograms and 
height in metres. All BMI are reported as kg/m2. Data were pooled 
for analysis of OCTAVE Induction 1 and 2, and were analysed sepa-
rately for OCTAVE Sustain.

Chi- squared tests for comparisons vs placebo were conducted 
for efficacy outcomes, both for OCTAVE Induction 1 and 2 com-
bined and for OCTAVE Sustain. Data show the full analysis set with 
non- responder imputation. An analysis of variance was used to com-
pare the differences in least squares mean change from baseline for 
HRQoL outcomes, for both OCTAVE Induction 1 and 2 combined 
and for OCTAVE Sustain.

Univariate and multivariate regression analyses (based on the 
observed- case data with no imputation for missing data) were used 
to evaluate possible associations between BMI (as a continuous or 
categorical variable) or weight, and efficacy outcomes of remission, 
endoscopic improvement, clinical response (for OCTAVE Induction 1 
and 2 and OCTAVE Sustain) and sustained steroid- free remission (for 
OCTAVE Sustain only). The following variables were included in the 
univariate and multivariate analyses: BMI (continuous or categorical), 
treatment, age, gender, race, prior TNFi treatment, prior TNFi failure, 
prior glucocorticoid treatment, prior immunosuppressant failure, dis-
ease duration, disease extent, smoking status, weight and geographic 
region. For multivariate regression analysis, a backward selection 
method was used to identify factors for inclusion in the final model 
at a 0.05 level of significance. P- values are presented without multi-
plicity adjustment. For the nominal P- values, a 0.05 level of signifi-
cance was used. For the binary efficacy endpoints, non- responder 
imputation was used to account for missing values; that is, patients 
with missing values were treated as non- responders.

TA B L E  1   Demographics, baseline characteristics and BMI stratification for patients in the Phase 3 OCTAVE Induction 1 and 2 and 
OCTAVE Sustain studies (FAS)

OCTAVE Induction 1 and 2 OCTAVE Sustaina 

Placebo 
(N = 234)

Tofacitinib 10 mg b.d. 
(N = 905)

Placebo 
(N = 198)

Tofacitinib 5 mg b.d. 
(N = 198)

Tofacitinib 10 mg b.d. 
(N = 197)

Female, n (%) 102 (43.6) 369 (40.8) 82 (41.4) 95 (48.0) 87 (44.2)

Race, n (%)

White 186 (79.5) 726 (80.2) 155 (78.3) 164 (82.8) 153 (77.7)

Asian 28 (12.0) 114 (12.6) 26 (13.1) 23 (11.6) 25 (12.7)

Total Mayo score, mean (SD) 9.0 (1.5)b  9.0 (1.4)c  3.3 (1.8)d  3.3 (1.8)d  3.4 (1.8)d 

Age (years), mean (SD) 41.1 (14.4) 41.2 (13.8) 43.4 (14.0) 41.9 (13.7) 42.9 (14.4)

Height (cm), mean (SD) 171.8 (10.1) 171.7 (9.6) 171.5 (10.0) 170.7 (9.5) 171.0 (9.5)

Weight (kg), mean (SD) 73.0 (16.5)b  73.6 (16.8) 76.2 (16.7)d  73.4 (17.8)d  74.6 (15.1)d 

BMI (kg/m2), mean (SD) 24.6 (4.7)b  24.9 (5.0) 25.8 (4.9)d  25.1 (5.1)d  25.5 (4.8)d 

Corticosteroid use, n (%) 113 (48.3) 412 (45.5) 101 (51.0) 101 (51.0) 87 (44.2)

<15 mg/daye  35 (34.3) 122 (32.4) — — — 

≥15 mg/daye  67 (65.7) 254 (67.6) — — — 

Subgroups by BMI (kg/m2), n (%)f 

<25 132 (56.7)b  533 (58.9) 107 (54.0) 119 (60.1) 113 (57.4)

25 to <30 68 (29.2)b  247 (27.3) 60 (30.3) 56 (28.3) 55 (27.9)

≥30 33 (14.2)b  125 (13.8) 31 (15.7) 23 (11.6) 29 (14.7)

All BMI are reported as kg/m2.
Abbreviations: b.d., twice daily; BMI, body mass index; FAS, full analysis set; N, total number of patients in each treatment group; n, number of 
patients with characteristic; SD, standard deviation.
aDemographics and characteristics, including BMI stratification, are from baseline of OCTAVE Induction 1 and 2 unless stated otherwise.
bPlacebo N = 233 for proportion calculations.
cTofacitinib 10 mg b.d. N = 903 for proportion calculations.
dWeek 8 of OCTAVE Induction 1 and 2.
eProportion calculations based on the number of patients receiving corticosteroids at baseline with dose information available: placebo N = 102, 
tofacitinib 10 mg b.d. N = 376 for OCTAVE Induction 1 and 2. Patients in OCTAVE Sustain were required to taper corticosteroid use, except patients 
receiving budesonide/beclometasone.
fPatient subgroups at baseline of OCTAVE Induction 1 and 2.
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3  | RESULTS

3.1 | Patients

Baseline demographics and clinical characteristics were similar for 
the placebo and tofacitinib groups within OCTAVE Induction 1 and 
2, and within OCTAVE Sustain (Table 1).

At baseline of OCTAVE Induction 1 and 2, most patients were 
white (80%) and the mean age of the patients was 41 years. Of pa-
tients receiving corticosteroids at baseline of OCTAVE Induction 1 
and 2, most were receiving at least 15 mg/day.

Total Mayo score at baseline was lower for patients in OCTAVE 
Sustain, indicative of having achieved a clinical response in OCTAVE 
Induction 1 and 2, as per the OCTAVE Sustain inclusion criteria. In 
all treatment groups, the majority of patients (54%– 60%) had a BMI 
<25, and 12%– 16% of patients had a BMI ≥30, based on OCTAVE 
Induction 1 and 2 baseline (Table 1).

3.2 | Changes in BMI over time

From baseline to Week 52 of OCTAVE Sustain, BMI increased nu-
merically in the tofacitinib 5 and 10 mg b.d. groups compared with 
placebo (Table 2). Across all treatment groups, BMI increased from 
baseline to Week 52. Average BMI increases ranged from 0.4 to 
1.1 kg/m2 over the 52- week period.

3.3 | Efficacy outcomes

3.3.1 | Remission

At Week 8 of OCTAVE Induction 1 and 2, a numerically higher pro-
portion of patients treated with tofacitinib 10 mg b.d. achieved 
remission vs placebo in all three baseline BMI subgroups; the dif-
ference was only statistically significant for the baseline BMI <25 
subgroup (treatment difference [Δ] 15.2, P < 0.0001) (Figure 1A).

At Week 52 of OCTAVE Sustain in patients who received to-
facitinib 5 mg b.d., the baseline BMI 25 to <30 subgroup had the 

highest proportion of patients in remission and greatest difference 
compared with placebo (Δ 33.0, P < 0.0001) (Figure 1B). In contrast, 
in the tofacitinib 10 mg b.d. group, the baseline BMI ≥30 subgroup 
had the highest proportion of patients in remission and greatest dif-
ference, compared with placebo (Δ 52.0, P < 0.0001).

3.3.2 | Endoscopic improvement

At Week 8 of OCTAVE Induction 1 and 2, the proportion of patients 
with endoscopic improvement was numerically higher among pa-
tients receiving tofacitinib 10 mg b.d. vs placebo for all BMI sub-
groups (Figure 2A); the difference was statistically significant for the 
baseline BMI <25 subgroup (Δ 18.1, P < 0.0001) and the baseline 
BMI 25 to <30 subgroup (Δ 13.4, P < 0.05).

At Week 52 of OCTAVE Sustain in patients receiving tofacitinib 
5 mg b.d., the baseline BMI 25 to <30 subgroup had the highest pro-
portion of patients with endoscopic improvement and difference 
compared with placebo (Δ 29.6, P < 0.001) (Figure 2B). However, 
in patients who received tofacitinib 10 mg b.d., the baseline BMI 
≥30 subgroup had the highest proportion of patients with endo-
scopic improvement and difference compared with placebo (Δ 52.2, 
P < 0.0001).

3.3.3 | Clinical response

Clinical response was generally similar for all BMI subgroups in pa-
tients who received tofacitinib 10 mg b.d. at Week 8 of OCTAVE 
Induction 1 and 2 (Figure 3A); the difference compared with pla-
cebo was highest for the baseline BMI <25 subgroup (Δ 30.3, 
P < 0.0001). At Week 52 of OCTAVE Sustain, the proportion of 
patients achieving a clinical response was similar for each BMI sub-
group in patients who received tofacitinib 5 mg b.d. (Figure 3B); 
the difference compared with placebo was highest for the baseline 
BMI ≥30 subgroup (Δ 38.2, P < 0.05). In patients who received to-
facitinib 10 mg b.d., the baseline BMI ≥30 subgroup had the high-
est proportion of clinical response and difference, compared with 
placebo (Δ 66.2, P < 0.0001).

Mean change from baseline 
in BMI (kg/m2)

Placebo 
(N = 198)

Tofacitinib 5 mg b.d. 
(N = 198)

Tofacitinib 10 mg b.d. 
(N = 197)

Week 4 0.3 (0.6) 0.4 (1.3) 0.4 (0.7)

Week 8 0.1 (0.9) 0.5 (1.7) 0.5 (0.8)

Week 16 0.1 (1.1) 0.8 (1.7) 0.6 (1.0)

Week 24 0.2 (1.2) 0.8 (1.9) 0.7 (1.1)

Week 32 0.3 (1.4) 0.8 (1.4) 1.1 (1.2)

Week 40 0.4 (1.5) 0.9 (1.6) 1.1 (1.4)

Week 52 0.4 (1.6) 0.9 (1.6) 1.1 (1.4)

Data represent mean (SD) of change from baseline in BMI from the baseline of OCTAVE Sustain to 
Week 52 of OCTAVE Sustain.
Abbreviations: b.d., twice daily; BMI, body mass index; N, total number of patients in each 
treatment group; SD, standard deviation.

TA B L E  2   Change from baseline in BMI 
over time from baseline through Week 52 
of OCTAVE Sustain
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3.3.4 | Sustained steroid- free remission

In OCTAVE Sustain, for both tofacitinib 5 and 10 mg b.d., the 
baseline BMI ≥30 subgroup had the highest proportion of patients 
with sustained steroid- free remission at both Week 24 and Week 
52 (Figure 4). The greatest differences compared with placebo 
were observed for the baseline BMI 25 to <30 subgroup for to-
facitinib 5 and 10 mg b.d. (Δ 38.9, P < 0.05, and Δ 50.0, P < 0.05 
respectively).

3.3.5 | Health- related quality of life

At Week 8 of OCTAVE Induction 1 and 2, all baseline BMI sub-
groups had significantly greater least squares mean differences 
from baseline in IBDQ total scores, compared with placebo (all 
P < 0.01, Figure S1a). At Week 52 of OCTAVE Sustain, only the 
baseline BMI 25 to <30 subgroup, treated with either tofacitinib 
5 or 10 mg b.d., experienced additional significant improvements 

from baseline in IBDQ total score, compared with placebo 
(P < 0.01; Figure S1b).

At Week 8 in OCTAVE Induction 1 and 2, significant improve-
ments from baseline in SF- 36 PCS and MCS scores were reported 
for all baseline BMI subgroups, compared with placebo, except for 
the SF- 36 MCS score in the baseline BMI ≥30 subgroup (Figure S2a). 
At Week 52 of OCTAVE Sustain, only the baseline BMI <25 sub-
group, treated with either tofacitinib 5 or 10 mg b.d., experienced 
additional significant improvements from baseline in SF- 36 PCS and 
MCS scores, compared with placebo (P < 0.05; Figure S2b).

3.3.6 | Regression analysis for BMI and body weight

In OCTAVE Induction 1 and 2, univariate regression analysis 
showed that BMI (continuous or categorical) and weight were 
not significant predictors for the efficacy endpoints of remis-
sion, endoscopic improvement, or clinical response at Week 8 
(P ≥ 0.05 for all) (Table 3); for example: BMI (continuous) odds 

F I G U R E  1   Proportion of patients 
in remission at (A) Week 8 of OCTAVE 
Induction 1 and 2 and (B) Week 52 
of OCTAVE Sustain, by baseline 
BMI subgroup (FAS, NRI). *P < 0.05; 
***P < 0.0001. All comparisons are with 
placebo; chi- squared test. Patients were 
stratified by BMI at baseline of OCTAVE 
Induction 1 and 2. All BMI are reported 
as kg/m2. Remission was defined as a 
total Mayo score of ≤2 with no individual 
subscore > 1, and a rectal bleeding 
subscore of 0. Abbreviations: Δ, treatment 
difference; b.d., twice daily; BMI, body 
mass index; FAS, full analysis set; N, total 
number of patients in each treatment 
group; n, number of patients with the 
specified response; NRI, non- responder 
imputation [Colour figure can be viewed 
at wileyonlinelibrary.com]
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ratio (OR) 0.98 (95% confidence interval [CI] 0.95, 1.02), OR 1.00 
(95% CI 0.98, 1.03), and OR 1.02 (95% CI 0.99, 1.05), respectively. 
Similarly, multivariate logistic analysis for BMI (continuous or cat-
egorical) showed that BMI was not a significant predictor for any 
efficacy endpoint in OCTAVE Induction 1 and 2 (P > 0.05). As 
such, BMI did not meet the selection criteria for inclusion in the 
final model. However, higher weight was identified as a predictor 
in the final model for reduced remission (OR 0.99 [95% CI 0.98, 
1.00]; P = 0.0170).

In OCTAVE Sustain, similar to OCTAVE Induction 1 and 2, uni-
variate regression showed that neither BMI (continuous or categori-
cal) nor weight were significant predictors for any efficacy endpoint 
at Week 52, including sustained steroid- free remission (P ≥ 0.05 for 
all) (Table 3); for example: BMI (continuous) OR 1.01 (95% CI 0.97, 
1.05), OR 1.01 (95% CI 0.97, 1.04), OR 1.00 (95% CI 0.96, 1.03) and 
OR 1.07 (95% CI 0.99, 1.15), respectively.

In the multivariate analysis, BMI (continuous or categorical) was 
not indicated as a predictor for any efficacy endpoint (P > 0.05). 
However, higher weight was identified as a predictor in the final 

model for higher likelihood of sustained steroid- free remission (OR 
1.03 [95% CI 1.01, 1.06]; P = 0.0181).

3.4 | Safety outcomes

3.4.1 | Discontinuations

In OCTAVE Induction 1 and 2, the highest proportion of discon-
tinuations (all) was in the baseline BMI ≥30 subgroup, for both 
placebo (n = 4, 12.1%) and tofacitinib 10 mg b.d. (n = 12, 9.6%) 
(Table 4). The proportions of patients discontinuing due to insuf-
ficient clinical response or adverse events were similar among 
baseline BMI subgroups. In OCTAVE Sustain, the proportions of 
discontinuations (all) were similar across baseline BMI subgroups 
for tofacitinib 5 mg b.d., and higher in the baseline BMI <25 and 
baseline BMI 25 to <30 subgroups for tofacitinib 10 mg b.d. 
(Table 4). For discontinuation due to insufficient clinical response, 
proportions were highest in the baseline BMI ≥30 subgroup 

F I G U R E  2   Proportion of patients with 
endoscopic improvement at A) Week 8 of 
OCTAVE Induction 1 and 2 and B) Week 
52 of OCTAVE Sustain, by BMI subgroup 
(FAS, NRI). *P < 0.05; **P < 0.001; 
***P < 0.0001. All comparisons are with 
placebo; chi- squared test. Patients were 
stratified by BMI at baseline of OCTAVE 
Induction 1 and 2. All BMI are reported 
as kg/m2. Endoscopic improvement was 
defined as a Mayo endoscopic subscore 
of 0 or 1. Abbreviations: Δ, treatment 
difference; b.d., twice daily; BMI, body 
mass index; FAS, full analysis set; N, total 
number of patients in each treatment 
group; n, number of patients with the 
specified response; NRI, non- responder 
imputation [Colour figure can be viewed 
at wileyonlinelibrary.com]
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for tofacitinib 5 mg b.d. (n = 10, 43.5%), whereas this subgroup 
showed the lowest proportions for tofacitinib 10 mg b.d. (n = 1, 
3.4%). The proportions of patients discontinuing due to adverse 
events were highest in the baseline BMI 25 to <30 subgroup for 
tofacitinib 5 mg b.d. (n = 3, 5.4%) and highest for the baseline BMI 
25 to <30 (n = 4, 7.4%) and baseline BMI ≥30 (n = 2, 6.9%) sub-
groups for tofacitinib 10 mg b.d.

3.4.2 | Infections, serious infections and 
opportunistic infections

In OCTAVE Induction 1 and 2, for patients receiving tofacitinib 
10 mg b.d., the proportion of patients with infections was nu-
merically higher for the baseline BMI 25 to <30 subgroup (n = 62, 
25.1%), while the proportion of patients with serious infections 
was numerically higher for the baseline BMI ≥30 subgroup (n = 4, 
3.2%), compared with the other subgroups (Table 4). In OCTAVE 

Sustain, similarly for tofacitinib 5 and 10 mg b.d., the proportion 
of patients with infections was numerically higher for the base-
line BMI 25 to <30 subgroup (n = 23, 41.1% and n = 25, 46.3%, 
respectively) compared with the other subgroups (Table 4), and 
serious infections were rare among all baseline BMI subgroups for 
tofacitinib 5 and 10 mg b.d.

For patients receiving tofacitinib 10 mg b.d. in OCTAVE Induction 
1 and 2, opportunistic infections were rare, and proportions were 
similar across baseline BMI subgroups (Table 4). Similarly, in OCTAVE 
Sustain, there were few opportunistic infections in any treatment 
group, and proportions of events were similar among baseline BMI 
subgroups.

3.4.3 | Herpes zoster

In OCTAVE Induction 1 and 2, herpes zoster events (non- serious 
and serious) were infrequent and numerically similar for patients 

F I G U R E  3   Proportion of patients 
with clinical response at A) Week 8 of 
OCTAVE Induction 1 and 2 and B) Week 
52 of OCTAVE Sustain, by BMI subgroup 
(FAS, NRI). *P < 0.05; **P < 0.001; 
***P < 0.0001. All comparisons are with 
placebo; chi- squared test. Patients were 
stratified by BMI at baseline of OCTAVE 
Induction 1 and 2. All BMI are reported as 
kg/m2. Clinical response was defined as 
a decrease from induction study baseline 
total Mayo score of ≥3 points and ≥30%, 
plus a decrease in rectal bleeding subscore 
of ≥1 point or an absolute rectal bleeding 
subscore of 0 or 1. Abbreviations: Δ, 
treatment difference; b.d., twice daily; 
BMI, body mass index; FAS, full analysis 
set; N, total number of patients in each 
treatment group; n, number of patients 
with the specified response; NRI, non- 
responder imputation [Colour figure can 
be viewed at wileyonlinelibrary.com]
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receiving either placebo or tofacitinib 10 mg b.d. across base-
line BMI subgroups (Table 4). In OCTAVE Sustain, herpes zoster 
events (non- serious and serous) were similar in patients receiving 
either placebo or tofacitinib 5 mg b.d., with no clear trend across 
baseline BMI subgroups (Table 4). For patients treated with to-
facitinib 10 mg b.d., the percentage of patients who had herpes 
zoster events (non- serious and serious) was numerically lowest in 
the baseline BMI <25 subgroup (n = 3, 2.7%) and highest in the 
baseline BMI ≥30 subgroup (n = 3, 10.3%; Table 4).

3.4.4 | Malignancies and MACE

There were no malignancies (excluding NMSC) for patients receiv-
ing tofacitinib in OCTAVE Induction 1 and 2, and MACE were rare 
(Table 4). For patients receiving tofacitinib 10 mg b.d. in OCTAVE 
Induction 1 and 2 and OCTAVE Sustain, there were numerically 
higher proportions of patients with NMSC events in the baseline 
BMI ≥30 subgroup, compared with other baseline BMI subgroups. 
Interpretation of these analyses are limited by the small number of 

F I G U R E  4   Proportion of patients with sustained steroid- free remission in OCTAVE Sustain, by BMI subgroup (FAS, NRI). *P < 0.05; 
**P < 0.001. All comparisons are with placebo; chi- squared test. Patients were stratified by BMI at baseline of OCTAVE Induction 1 and 2. 
All BMI are reported as kg/m2. Sustained steroid- free remission was defined as being in remission and steroid- free at both Week 24 and 
Week 52; N was reduced for this outcome compared with other outcomes, as shown. Abbreviations: Δ, treatment difference; b.d., twice 
daily; BMI, body mass index; FAS, full analysis set; N, total number of patients in each treatment group; n, number of patients with the 
specified response; NRI, non- responder imputation [Colour figure can be viewed at wileyonlinelibrary.com]
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TA B L E  3   ORs calculated from univariate regression analyses modelling endpoints at Week 8 of OCTAVE Induction 1 and 2 and Week 52 
of OCTAVE Sustain

Remission OR (95% CI) 
[P- value]

Endoscopic improvement 
OR (95% CI) [P- value]

Clinical response OR 
(95% CI) [P- value]

Sustained steroid- free 
remission OR (95% CI) 
[P- value]

OCTAVE Induction 1 and 2 –  all patients (FAS, no imputation)

Weight 0.99 (0.98, 1.00) [0.067] 1.00 (0.99, 1.01) [0.52] 1.00 (0.99, 1.01) [0.75] N/A

BMI (continuous) 0.98 (0.95, 1.02) [0.32] 1.00 (0.98, 1.03) [0.90] 1.02 (0.99, 1.05) [0.15] N/A

BMI (<25 vs ≥30) 1.26 (0.76, 2.10) [0.37] 1.19 (0.78, 1.79) [0.42] 0.95 (0.66, 1.38) [0.80] N/A

BMI (25 to <30 vs 
≥30)

0.91 (0.52, 1.61) [0.75] 1.10 (0.70, 1.73) [0.67] 0.97 (0.65, 1.45) [0.89] N/A

OCTAVE Sustain –  all patients (FAS, no imputation)

Weight 1.00 (0.99, 1.01) [0.94] 1.00 (0.99, 1.01) [0.95] 1.00 (0.99, 1.01) [0.44] 1.01 (0.99, 1.03) [0.23]

BMI (continuous) 1.01 (0.97, 1.05) [0.59] 1.01 (0.97, 1.04) [0.75] 1.00 (0.96, 1.03) [0.79] 1.07 (0.99, 1.15) [0.077]

BMI (<25 vs ≥30) 0.90 (0.51, 1.57) [0.70] 0.94 (0.54, 1.64) [0.84] 0.96 (0.55, 1.65) [0.87] 0.39 (0.15, 1.06) [0.066]

BMI (25 to <30 vs 
≥30)

0.84 (0.46, 1.56) [0.58] 0.89 (0.49, 1.63) [0.71] 0.82 (0.45, 1.49) [0.52] 0.33 (0.11, 1.03) [0.056]

Abbreviations: BMI, body mass index; CI, confidence interval; FAS, full analysis set; N/A, not applicable; OR, odds ratio.
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patients in the baseline BMI ≥30 subgroup and the small number of 
NMSC events.

4  | DISCUSSION

These analyses assessed the efficacy and safety of tofacitinib 5  
and 10 mg b.d. in patients with moderate to severe UC, stratified 
by baseline BMI subgroup. Subgroup analyses did not demonstrate 
a clear pattern, and showed that patients with a high BMI (≥30) did 
not experience lower rates of achieving efficacy endpoints, includ-
ing remission, endoscopic improvement, clinical response and sus-
tained steroid- free remission, compared with other BMI subgroups 
(<25 or 25 to <30). In OCTAVE Induction 1 and 2, the propor-
tions of patients treated with tofacitinib 10 mg b.d. who achieved 
the efficacy endpoints at Week 8 were typically consistent for all 
baseline BMI subgroups. In OCTAVE Sustain, the proportions of 
patients treated with tofacitinib 10 mg b.d. who achieved efficacy 
endpoints at Week 52 were typically numerically highest in the 
baseline BMI ≥30 subgroup, compared with other subgroups. In 
contrast, patients treated with tofacitinib 5 mg b.d. in the base-
line BMI ≥30 subgroup had lower response rates for some efficacy 
outcomes, compared with other baseline BMI subgroups at Week 
52 of OCTAVE Sustain. A higher proportion of patients in OCTAVE 
Sustain treated with tofacitinib 5 mg b.d. in the baseline BMI ≥30 
subgroup discontinued due to insufficient clinical response, com-
pared with patients treated with tofacitinib 10 mg b.d. Further 
analyses with a larger group of patients are required to understand 
this observation.

Obesity is recognised as a low- grade chronic inflammatory 
state11 through systemic and paracrine increases in levels of cyto-
kines, chemokines and adipokines.12 Excess adipose tissue increases 
leptin and resistin secretion, increasing levels of pro- inflammatory 
cytokines.13 Therefore, obesity may adversely affect both the in-
flammatory burden in UC, as well as response to medical therapy.

Previous reports on the efficacy of biologic agents in patients 
with UC and elevated BMI are inconsistent. It has been previ-
ously shown in a meta- analysis of 19 372 patients from 50 studies 
that obesity is associated with TNFi failure in patients with select 
immune- mediated inflammatory diseases (eg rheumatoid arthri-
tis and psoriasis/psoriatic arthritis), but not in patients with UC.14 
In contrast, another study in patients with UC (N = 160) suggested 
that the likelihood of biologic treatment failure increased by ap-
proximately 4% with each 1 kg/m2 increase in BMI.3 Other data 
in patients with Crohn’s disease suggest that obesity modulates 
the response to the TNFi infliximab, with earlier flares and shorter 
time to loss of response in patients with obesity vs patients without 
obesity.15,16 In contrast, BMI was found to have no effect on rates 
of remission among patients with Crohn’s disease receiving usteki-
numab maintenance therapy.17 In addition, an analysis of the thiopu-
rines azathioprine and mercaptopurine, which are dosed based on 
body weight, showed that therapeutic metabolite levels in patients 
with UC and Crohn’s disease were not related to weight or body 

composition compartments.18 Together, these findings suggest that 
further research is required to better understand the impact of obe-
sity on the efficacy of UC treatment and possible consequences of 
dosing regimens.

Our current report also examined HRQoL using IBDQ total 
score as well as the SF- 36 PCS and MCS scores, stratified by base-
line BMI. In OCTAVE Induction 1 and 2, patients in all baseline BMI 
subgroups treated with tofacitinib 10 mg b.d. experienced signif-
icant improvements from baseline in IBDQ total scores at Week 
8, compared with placebo, with the BMI ≥30 subgroup having 
greatest numerical improvement. A similar trend in improvement 
from baseline was noted in OCTAVE Sustain for both tofacitinib 
5 and 10 mg b.d. for SF- 36 PCS and MCS scores, compared with 
placebo. Improvements from baseline in either IBDQ total scores 
or SF- 36 PCS and MCS scores were not significantly different from 
placebo at Week 52 of OCTAVE Sustain in the highest baseline 
BMI subgroup (≥30). This may be expected, given that in OCTAVE 
Sustain patients were required to have achieved a clinical response 
in OCTAVE Induction 1 or 2, and improvement in HRQoL could also 
be expected regardless of BMI. However, it has been shown previ-
ously that in the general population, elevated BMI was significantly 
associated with poor HRQoL across all SF- 36 domains.19 Other fac-
tors, aside from UC, should be considered when assessing HRQoL 
in patients with high BMI.

Regression analyses did not identify BMI as a significant predic-
tor for any of the efficacy outcomes studied. Higher body weight 
was identified as a predictor of remission in OCTAVE Induction 1 
and 2 and sustained steroid- free remission in OCTAVE Sustain, al-
though the ORs were small and the clinical significance was uncer-
tain. Although the exact reasons for these findings remain unclear, 
it has previously been reported that up to two- thirds of patients 
with inflammatory bowel disease have myopenia, and this has been 
shown to be independently associated with early treatment failure 
with TNFi.20 Patients with myopenia generally have excess fat and 
less muscle, and therefore can have lower weight and BMI than 
expected.

Obesity is a known risk factor for reduced response to vaccines 
and for infection,21,22 and in OCTAVE Induction 1 and 2 there was 
a numerically higher rate of serious infections and NMSC in the 
baseline BMI ≥30 subgroup treated with tofacitinib 10 mg b.d. 
compared with other baseline BMI subgroups, as well as with pla-
cebo. Furthermore, the use of corticosteroids has been linked to 
increased infection risk,23 and in OCTAVE Induction 1 and 2 and 
OCTAVE Sustain, approximately half of patients were receiving 
corticosteroids at baseline. Otherwise, in general, there was no 
consistent trend between BMI subgroups and safety events in 
OCTAVE Induction 1 and 2 or OCTAVE Sustain. However, low 
patient numbers in the BMI ≥30 subgroup of OCTAVE Sustain, 
and infrequent serious infection or malignancy events, precluded 
definitive conclusions. These findings were in line with long- term 
safety data for tofacitinib in UC up to 4.4 years, which did not 
identify BMI as a risk factor for serious infections, herpes zos-
ter, opportunistic infections or NMSC in a multivariate risk factor 
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analysis.24 Additionally, herpes zoster was the only adverse event 
more strongly associated with tofacitinib treatment compared 
with placebo.24

This analysis had certain limitations, including an uneven distri-
bution of patients within baseline BMI subgroups, and a low number 
of patients in the baseline BMI ≥30 subgroup for both the OCTAVE 
Induction 1 and 2 and OCTAVE Sustain patient populations. This 
was expected, given that it is generally rare for patients with active 
inflammatory bowel disease to have a BMI ≥30.25 In addition, this 
was a post hoc analysis, and the OCTAVE studies were not pow-
ered to evaluate differences between BMI subgroups. Safety events, 
including serious infections, opportunistic infections and malignan-
cies, were rare in the overall OCTAVE UC clinical programme and 
for all BMI subgroups in the safety analysis, limiting interpretation 
of the data. Additionally, as patients were re- randomised at enrol-
ment into OCTAVE Sustain, results from OCTAVE Induction 1 and 
2 and OCTAVE Sustain cannot be directly compared. Furthermore, 
treatment changes following enrolment into OCTAVE Sustain may 
have contributed to discontinuations due to insufficient clinical re-
sponse, and hence the relationship to BMI should be interpreted 
with caution.

In conclusion, this analysis suggested similar efficacy and safety 
of tofacitinib 5 and 10 mg b.d. in patients with moderate to severe 
UC, regardless of baseline BMI. As such, dosing adjustments based 
on weight or BMI are not required for tofacitinib in patients with UC. 
Further analyses of patients with UC identified from real- world co-
horts may provide additional information on the impact of elevated 
BMI on the efficacy of tofacitinib.
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