
Crohn's & Colitis 360, 2024, 6, 1–11
https://doi.org/10.1093/crocol/otae004
Advance access publication 20 January 2024
Observations and Research

Association Between Smoking Status and the Efficacy and 
Safety of Tofacitinib in Patients with Ulcerative Colitis
David T. Rubin, MD,* Joana Torres, MD, PhD,†,‡,§,  Miguel Regueiro, MD,¶,   
Walter Reinisch, MD,**,  Lani Prideaux, MBBS, PhD,†† Paulo G. Kotze, MD, MSc, PhD,‡‡  
Fiona H. Tan, PhD,§§,  Sean Gardiner, MD,¶¶,  Rajiv Mundayat, MSc,¶¶ Mary Jane Cadatal, MSc,*** 
and Siew C. Ng, MBBS, PhD†††

*Inflammatory Bowel Disease Center, University of Chicago Medicine, Chicago, IL, USA
†Gastroenterology Division, Hospital Beatriz Ângelo, Loures, Portugal
‡Division of Gastroenterology, Hospital da Luz, Lisbon, Portugal
§Faculdade de Medicina, Universidade de Lisboa, Lisbon, Portugal
¶Department of Gastroenterology, Hepatology and Nutrition, Cleveland Clinic, Cleveland, OH, USA
**Department of Internal Medicine III, Medical University of Vienna, Vienna, Austria
††Department of Gastroenterology and Hepatology, Monash Medical Centre, Melbourne, Victoria, Australia
‡‡IBD Outpatient Clinics, Colorectal Surgery Unit, Catholic University of Paraná, Curitiba, Brazil
§§Pfizer Australia, Melbourne, Victoria, Australia
¶¶Pfizer Inc, New York, NY, USA
***Pfizer Inc, Manila, Philippines
†††Department of Medicine and Therapeutics, Institute of Digestive Disease, LKS Institute of Health Science, Chinese University of Hong Kong, 
Sha Tin, Hong Kong, China
Address correspondence to: Fiona H. Tan, PhD, Pfizer Australia, Mezzanine Level 1 Rialto, 525 Collins Street, Melbourne, VIC 3000, Australia; Tel: +61 466 942 
002 (Fiona.Tan@pfizer.com).

Background:  Tofacitinib is an oral Janus kinase inhibitor for the treatment of ulcerative colitis (UC). This analysis assessed the impact of ciga-
rette smoking on tofacitinib efficacy and safety in the UC clinical program.
Methods:  Efficacy endpoints and adverse events (AEs) were evaluated by smoking status (ever smokers [current and ex-smokers] and never 
smokers) in the phase (P)2 induction study (baseline demographics and safety only), P3 studies (OCTAVE Induction 1&2, OCTAVE Sustain, 
OCTAVE Open), and P3/4b RIVETING study.
Results:  This post hoc analysis included 1156 patients (ever smokers, n = 416 [36.0%; current smokers, n = 59 (5.1%); ex-smokers, n = 357 
(30.9%)]; never smokers, n = 740 [64.0%]; median [range] treatment duration 654 [1–2712] and 615.5 [1–2850] days, respectively). Similar 
proportions of ever smokers and never smokers achieved efficacy endpoints. AEs were reported in 88.7% of ever smokers and 83.8% of 
never smokers. Overall, 60.6% of ever smokers had an infection (serious infections, 5.5%; herpes zoster [nonserious and serious], 10.8%; 
Clostridioides difficile infection, 12.0%; lower respiratory tract infection, 19.5%: corresponding values among never smokers were 53.1%, 3.9%, 
6.8%, 8.5%, and 11.4%). Major adverse cardiovascular events were reported in 1.0% of ever smokers and 0.7% of never smokers and thrombo-
embolism events (venous and arterial) in 1.0% of ever smokers and 0.9% never smokers. Deaths, malignancies (excluding non-melanoma skin 
cancer [NMSC]), and NMSC occurred infrequently in ever smokers (0.5%, 2.5%, and 3.7%, respectively) and never smokers (0.1%, 1.5%, and 
1.0%, respectively). Colorectal cancer was reported in 0.6% of never smokers; no cases occurred in ever smokers.
Conclusions:  Efficacy and safety of tofacitinib were generally similar in ever smokers and never smokers. Overall, serious AEs and, as ex-
pected, infections were more frequent in ever smokers versus never smokers. This may inform treatment selection and monitoring strategies.
ClinicalTrials.gov:  NCT00787202;NCT01465763;NCT01458951;NCT01458574;NCT01470612;NCT03281304

Lay Summary 
This study assessed how cigarette smoking affected tofacitinib treatment in patients with ulcerative colitis. Outcomes were similar in patients 
who smoked and did not smoke. Infections were more common in patients with smoking history versus those who had never smoked.
Key Words: cigarette, inflammatory bowel disease, Janus kinase inhibitor, ulcerative colitis

Introduction
Inflammatory bowel disease is a chronic intestinal disorder 
comprising Crohn’s disease and ulcerative colitis (UC), which 
results from interactions between genetic and environmental 
factors, and influences the intestinal immune response.1 

Cigarette smoking is an environmental factor known to in-
terfere with the development and clinical course of UC and 
Crohn’s disease in opposite ways. UC has been shown to pre-
dominantly affect nonsmokers and ex-smokers, and smoking 
has consistently been shown to have a protective effect against 
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the development and severity of UC, while smokers with 
Crohn’s disease have a worse disease course.2 However, the 
protective effects of smoking are temporary, and the relative 
risk of developing UC increases following smoking cessation.3 
Smoking represents a major cause of preventable mortality,4 
and patients with inflammatory bowel disease should be ad-
vised to stop smoking due to overall harm to health.5

In several studies of biologic therapies for the treatment 
of inflammatory bowel disease, smoking has been recognized 
as a risk factor for the development of extraintestinal 
manifestations,6 infections,7 and colorectal cancer.8 However, 
it is less clear whether smoking status affects the efficacy of 
therapeutic options in patients with UC, with the majority of 
studies finding no relationship between smoking and treat-
ment outcome.9–11 Moreover, there is anecdotal evidence to 
suggest that ex-smokers may have medication-resistant UC, 
compared with never smokers.12,13

Tofacitinib is an oral Janus kinase inhibitor for the treat-
ment of UC. The efficacy and safety of tofacitinib were 
evaluated in a series of clinical trials, including a phase 2 in-
duction study (NCT00787202), 2 identical phase 3 induc-
tion studies (OCTAVE Induction 1 and 2; NCT01465763 
and NCT01458951), a phase 3 maintenance study (OCTAVE 
Sustain; NCT01458574), an open-label, long-term exten-
sion study (OCTAVE Open; NCT01470612), and a phase 
3b/4 study (RIVETING; NCT03281304).14–18 Here, we 
investigated the impact of smoking status on the efficacy and 
safety of tofacitinib 5 or 10 mg twice-daily (BID) treatment in 
the UC clinical program.

Methods
Patients and Studies
This post hoc analysis included data from the tofacitinib UC 
clinical program, and the detailed study design of each study 
has previously been reported.14–18 Briefly, in the phase 2 in-
duction study, patients (aged ≥18 years) with moderately to 
severely active UC were randomized to receive placebo or 
tofacitinib 0.5, 3, 10, or 15 mg BID.14 Only patients who re-
ceived tofacitinib 10 mg BID in the phase 2 induction study 
are included in this analysis. In OCTAVE Induction 1 and 2, 
patients (aged ≥18 years) with moderately to severely active 
UC, who had previously failed, or were intolerant to, treatment 
with corticosteroids, immunosuppressants, and/or tumor ne-
crosis factor inhibitors (TNFi), were randomized to receive 
placebo or tofacitinib 10 or 15 mg BID. Randomization to 
tofacitinib 15 mg BID was discontinued following a pro-
tocol amendment; therefore, this analysis only included those 
patients in the OCTAVE Induction 1 and 2 studies randomized 
to receive placebo or tofacitinib 10 mg BID.15 Patients who 
completed OCTAVE Induction 1 and 2 with a clinical re-
sponse (a decrease from induction study baseline 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) were eligible to enroll into OCTAVE Sustain. In 
OCTAVE Sustain, patients were re-randomized to receive 
placebo or tofacitinib 5 or 10 mg BID.15 OCTAVE Open 
was an open-label, long-term extension study (≤7.0 years of 
treatment) that enrolled patients who completed OCTAVE 
Induction 1 or 2 without a clinical response (nonresponders), 
and patients who had either completed OCTAVE Sustain 
or withdrawn early after experiencing treatment failure (an 

increase from OCTAVE Sustain baseline total Mayo score of 
≥3 points, plus an increase in rectal bleeding subscore and en-
doscopic subscore of ≥1 point, after ≥8 weeks of treatment).16 
Dose assignment in OCTAVE Open was based on remission 
(total Mayo score of ≤2 with no individual subscore >1, and 
a rectal bleeding subscore of 0) status at baseline; patients 
in remission received tofacitinib 5 mg BID, and all others re-
ceived 10 mg BID. Patients from OCTAVE Open who had 
received tofacitinib 10 mg BID for ≥2 consecutive years, were 
in stable remission for ≥6 months, and corticosteroid free for 
≥4 weeks, were eligible to enroll in RIVETING, and were 
randomized to receive tofacitinib 5 or 10 mg BID.17

Efficacy Assessments
Efficacy endpoints were derived from Mayo scores and were 
based on centrally read endoscopic subscores in OCTAVE 
Induction 1 and 2, and OCTAVE Sustain, and were derived 
from locally read endoscopic subscores in OCTAVE Open 
and RIVETING. Efficacy endpoints were reported at week 
8 of OCTAVE Induction 1 and 2, week 52 of OCTAVE 
Sustain, month 36 of OCTAVE Open, and month 6 of 
RIVETING.

Efficacy endpoints in all trials included clinical response, 
endoscopic improvement (Mayo endoscopic subscore of 0 or 
1; defined as mucosal healing in the study protocols), remis-
sion, and partial Mayo score remission (partial Mayo score of 
≤2 with no individual subscore >1). Efficacy endpoints were 
summarized by initial treatment allocation.

Safety Assessments
Safety endpoints evaluated in this analysis included treatment-
emergent adverse events (AEs), serious AEs (SAEs; an AE that 
was life-threatening, required inpatient hospitalization or pro-
longation of existing hospitalization, or resulted in a persistent 
or significant disability/incapacity, a congenital anomaly/
birth defect, or death), and selected AEs of interest in ciga-
rette smokers (which included serious infections [infections 
meeting SAE-reporting criteria or that required parenteral 
antimicrobial therapy], opportunistic infections [excluding 
tuberculosis and herpes zoster with 2 adjacent dermatomes], 
herpes zoster, tuberculosis, malignancies [excluding non-
melanoma skin cancer (NMSC)], NMSC, major adverse 
cardiovascular events [MACE], venous thromboembolic 
events, and arterial thromboembolic events). Opportunistic 
infections, tuberculosis, malignancies, and cardiovascular 
events were evaluated by adjudication committees.

Safety was assessed in all patients who received ≥1 dose of 
tofacitinib 5 or 10 mg BID in any study included in the anal-
ysis. Patients were characterized based on the average daily 
tofacitinib dose: A predominant dose (PD) of tofacitinib 5 mg 
BID (an average daily dose <15 mg) and a PD of tofacitinib 
10 mg BID (an average daily dose ≥15 mg).

Statistical Analysis
Data are described descriptively. Efficacy and safety data were 
summarized by induction study baseline cigarette smoking 
status; patients were classified as ever smokers (current 
smoker or ex-smoker) or never smokers.

The proportions of patients meeting efficacy endpoints 
are reported for the full analysis set (all patients who re-
ceived ≥1 dose of placebo or tofacitinib 5 or 10 mg BID in 
any study, excluding the phase 2 induction study). Patients 
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with missing data in OCTAVE Induction 1 and 2, OCTAVE 
Sustain, and RIVETING were treated as nonresponders. In 
OCTAVE Open, patients with missing data were treated as 
nonresponders, but with the last observation carried forward 
after a patient advanced to a follow-up study.

The proportion of patients with treatment-emergent AEs, 
SAEs, and selected AEs of interest was calculated. Events were 
counted up to 28 days after the last dose of study treatment.

Results
Baseline Demographics and Clinical Characteristics
This analysis included 1156 patients; at induction study 
baseline, 416 (36.0%) were ever smokers (current smokers, 
n = 59 [5.1%]; ex-smokers, n = 357 [30.9%]) and 740 
(64.0%) were never smokers (Table 1). Overall, in current 
smokers, the mean duration of smoking was 15.4 years and 
the majority (53.4%) had smoked for >10 years (Table S1). 
Overall, in ex-smokers, patients had stopped smoking for 
a mean duration of 12.3 years; more patients had stopped 
smoking for >10 years (42.9%) than >0–5 years (32.0%) and 
>5–10 years (25.1%). Moreover, overall, ex-smokers had 
smoked for a mean duration of 15.5 years, with the majority 
(62.1%) smoking for >10 years (Table S1). Baseline disease 
activity characteristics were generally similar between ever 
smokers and never smokers, although ever smokers were 
more often male, older, more likely to have longer disease 
duration, prior TNFi use, a prior history of myocardial in-
farction, diabetes mellitus, or ischemic or coronary heart dis-
ease, and more likely to have comorbid chronic obstructive 
pulmonary disease (COPD), compared with never smokers 
(Table 1).

Efficacy
For both ever smokers and never smokers, a numerically higher 
proportion of tofacitinib-treated patients achieved efficacy 
endpoints, compared with placebo-treated patients, at week 
8 of OCTAVE Induction 1 and 2 and week 52 of OCTAVE 
Sustain (Figure 1A and 1B). When stratified by smoking status, 
the proportions of tofacitinib-treated patients who achieved 
efficacy endpoints at week 8 of OCTAVE Induction 1 and 2 
and week 52 of OCTAVE Sustain, were generally similar in 
ever smokers and never smokers. In OCTAVE Induction 1 
and 2, the treatment effect of tofacitinib 10 mg BID versus 
placebo for remission was greater in never smokers versus 
ever smokers.

At month 36 of OCTAVE Open, a numerically higher 
proportion of patients treated with tofacitinib 5 mg BID 
achieved efficacy endpoints compared with tofacitinib 10 mg 
BID (Figure 1C). Conversely, at month 6 of RIVETING, a 
numerically higher proportion of patients treated with 
tofacitinib 10 mg BID achieved efficacy endpoints compared 
with tofacitinib 5 mg BID (Figure 1D). However, smoking 
status did not affect the achievement of efficacy endpoints in 
OCTAVE Open and RIVETING.

When stratified by prior TNFi exposure status, the pro-
portion of patients who achieved efficacy endpoints was gen-
erally higher in patients without prior TNFi exposure than 
those with prior TNFi exposure, regardless of smoking status 
(Figure S1, Supplementary Data Content). This observation 
was consistent across OCTAVE studies, regardless of treat-
ment (tofacitinib 5 or 10 mg BID, or placebo).

Safety
SAEs occurred with similar frequency among treatment 
groups (tofacitinib 5 mg BID and tofacitinib 10 mg BID), 
regardless of smoking status. Overall, SAEs occurred with 
a higher frequency in ever smokers versus never smokers 
(Table 2).

Deaths
Overall, there were 3 deaths: 2 patients were ever smokers 
and 1 patient had never smoked; all patients were in the 
PD of tofacitinib 10 mg BID group. The cause of death in 
the never smoker was an aortic dissection (not considered 
to be treatment related). The 2 ever smoker patients were 
ex-smokers, and causes of death (considered to be treatment 
related) were recorded as hepatic angiosarcoma in the first 
patient and pulmonary embolism secondary to metastatic 
cholangiocarcinoma in the second patient.

Selected AEs of interest in cigarette smokers
Extraintestinal manifestations were reported in 101 
(24.8%) ever smokers and 148 (20.7%) never smokers 
(Table 3).

Overall, 252 (60.6%) ever smokers and 393 (53.1%) 
never smokers had an infection (classified as any infection), 
of which 23 (5.5%) and 29 (3.9%) were serious infections, 
respectively. In total, 45 (10.8%) ever smokers and 50 (6.8%) 
never smokers had herpes zoster (nonserious and serious); 
50 (12.0%) ever smokers and 63 (8.5%) never smokers 
had a Clostridioides difficile infection; and 81 (19.5%) ever 
smokers and 84 (11.4%) never smokers had a lower respi-
ratory tract infection. Adjudicated opportunistic infections 
(excluding tuberculosis and herpes zoster with 2 adjacent 
dermatomes) were reported in 13 (3.2%) ever smokers and 
18 (2.5%) never smokers; there were no reported cases of 
tuberculosis.

Adjudicated MACE were reported in 4 (1.0%) ever smokers 
and 5 (0.7%) never smokers. Among the ever smokers, 2 
(0.5%) patients had a pulmonary embolism, and, among 
never smokers, 1 (0.1%) patient had a deep vein throm-
bosis and 4 (0.5%) patients had a pulmonary embolism; all 
patients were in the PD of tofacitinib 10 mg BID group. Two 
(0.5%) ever smokers and 2 (0.3%) never smokers had arterial 
thromboembolism.

Malignancies (excluding NMSC) occurred in 10 (2.5%) 
ever smokers and 11 (1.5%) never smokers. Malignancies 
in patients who were ever smokers included 2 patients with 
breast cancer and 1 patient each with lung cancer, lymphoma 
or lymphoproliferative disease, and melanoma; and in never 
smokers included 4 patients with colorectal cancer, and 1 pa-
tient each with lymphoma or lymphoproliferative disease and 
melanoma. Overall, NMSC was reported in 15 (3.7%) ever 
smokers and 7 (1.0%) never smokers.

Discussion
In this post hoc descriptive analysis of data from the 
tofacitinib UC clinical program (including 1156 patients), we 
demonstrated that tofacitinib efficacy and safety were gener-
ally similar in ever smokers and never smokers of cigarettes, 
but it is noted that overall, SAEs and infections were more 
frequent in ever smokers versus never smokers.

http://academic.oup.com/crohnscolitis360/article-lookup/doi/10.1093/crocol/otae004#supplementary-data
http://academic.oup.com/crohnscolitis360/article-lookup/doi/10.1093/crocol/otae004#supplementary-data
http://academic.oup.com/crohnscolitis360/article-lookup/doi/10.1093/crocol/otae004#supplementary-data
http://academic.oup.com/crohnscolitis360/article-lookup/doi/10.1093/crocol/otae004#supplementary-data
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6 Smoking Status and Tofacitinib in UC

Figure 1. Proportion of patients who achieved efficacy endpoints in (A) OCTAVE Induction 1 and 2, (B) OCTAVE Sustain, (C) OCTAVE Open, and (D) 
RIVETING, by smoking status (full analysis set). Abbreviations: BID, twice daily; N, number of patients in the specified category with nonmissing data; 
n, number of patients with the specified response within the given category; PMS, partial Mayo score. Cigarette smoking status was determined at the 
baseline of the induction studies. aCentral read endoscopy. bNonresponder imputation was applied after a patient discontinued. cLocal read endoscopy. 
dNonresponder imputation, last observation carried forward was applied after a patient discontinued and the patient advanced to a subsequent study 
up to the visit they would have reached if that had stayed in the study. ePatients with missing scores were treated as nonresponders. Patients in the 
tofacitinib 5 mg BID group with dose escalation were treated as nonresponders for visits after dose escalation.



Rubin et al 7

Ta
b

le
 2

. S
um

m
ar

y 
of

 s
af

et
y 

in
 t

he
 t

of
ac

iti
ni

b 
U

C
 c

lin
ic

al
 p

ro
gr

am
, b

y 
ci

ga
re

tt
e 

sm
ok

in
g 

st
at

us
.

E
ve

r 
sm

ok
er

s
N

ev
er

 s
m

ok
er

s

PD
 t

of
ac

it
in

ib
 5

 m
g 

B
ID

N
 =

 6
3

PD
 t

of
ac

it
in

ib
 1

0 
m

g 
B

ID
N

 =
 3

53

T
of

ac
it

in
ib

 a
ll

N
 =

 4
16

PD
 t

of
ac

it
in

ib
 5

 m
g 

B
ID

N
 =

 1
39

PD
 t

of
ac

it
in

ib
 1

0 
m

g 
B

ID
N

 =
 6

01

T
of

ac
it

in
ib

 a
ll

N
 =

 7
40

To
ta

l p
at

ie
nt

-y
ea

rs
 o

f 
ex

po
su

re
24

9.
1

85
4.

3
11

03
.4

53
4.

0
13

62
.1

18
96

.1

T
re

at
m

en
t 

du
ra

ti
on

 (
da

ys
), 

m
ed

ia
n 

(r
an

ge
)

15
04

(5
2–

27
12

)
50

6
(1

–2
69

4)
65

4
(1

–2
71

2)
1,

68
4

(5
7–

28
50

)
37

6
(1

–2
75

8)
61

5.
5

(1
–2

85
0)

T
re

at
m

en
t-

em
er

ge
nt

 A
E

s

 �
Pa

ti
en

ts
 w

it
h 

A
E

s,
 n

 (
%

)
62

 (
98

.4
)

30
7 

(8
7.

0)
36

9 
(8

8.
7)

12
7 

(9
1.

4)
49

3 
(8

2.
0)

62
0 

(8
3.

8)

 �
Pa

ti
en

ts
 w

it
h 

SA
E

s,
 n

 (
%

)
16

 (
25

.4
)

88
 (

24
.9

)
10

4 
(2

5.
0)

25
 (

18
.0

)
10

6 
(1

7.
6)

13
1 

(1
7.

7)

D
ea

th
s,

 n
 (

%
)

0 
(0

.0
)

2 
(0

.6
)

2 
(0

.5
)

0 
(0

.0
)

1 
(0

.2
)

1 
(0

.1
)

D
is

co
nt

in
ua

ti
on

 d
ue

 t
o 

A
E

s,
 n

 (
%

)
12

 (
19

.0
)

99
 (

28
.0

)
11

1 
(2

6.
7)

27
 (

19
.4

)
14

1 
(2

3.
5)

16
8 

(2
2.

7)

M
os

t 
co

m
m

on
 r

ea
so

ns
 f

or
 d

is
co

nt
in

ua
ti

on
:

 �
W

or
se

ni
ng

 U
C

2 
(3

.2
)

53
 (

15
.0

)
55

 (
13

.2
)

12
 (

8.
6)

69
 (

11
.5

)
81

 (
10

.9
)

 �
Ly

m
ph

op
en

ia
0 

(0
.0

)
2 

(0
.6

)
2 

(0
.5

)
2 

(1
.4

)
4 

(0
.7

)
6 

(0
.8

)

 �
A

ne
m

ia
0 

(0
.0

)
0 

(0
.0

)
0 

(0
.0

)
1 

(0
.7

)
4 

(0
.7

)
5 

(0
.7

)

 �
A

na
l a

bs
ce

ss
0 

(0
.0

)
0 

(0
.0

)
0 

(0
.0

)
0 

(0
.0

)
4 

(0
.7

)
4 

(0
.5

)

A
bb

re
vi

at
io

ns
: A

E
, a

dv
er

se
 e

ve
nt

; B
ID

, t
w

ic
e 

da
ily

; N
, n

um
be

r 
of

 p
at

ie
nt

s 
tr

ea
te

d 
in

 t
he

 t
re

at
m

en
t 

gr
ou

p;
 n

, n
um

be
r 

of
 p

at
ie

nt
s 

in
 t

he
 s

pe
ci

fie
d 

ca
te

go
ry

; P
D

, p
re

do
m

in
an

t 
do

se
; S

A
E

, s
er

io
us

 A
E

; U
C

, u
lc

er
at

iv
e 

co
lit

is
.



8 Smoking Status and Tofacitinib in UC

Ta
b

le
 3

. P
ro

po
rt

io
ns

 o
f 

se
le

ct
ed

 A
E

s 
of

 in
te

re
st

 in
 c

ig
ar

et
te

 s
m

ok
er

sa  i
n 

th
e 

to
fa

ci
tin

ib
 U

C
 c

lin
ic

al
 p

ro
gr

am
.

E
ve

r 
sm

ok
er

s
N

ev
er

 s
m

ok
er

s

PD
 t

of
ac

it
in

ib
 5

 m
g 

B
ID

N
 =

 6
3

PD
 t

of
ac

it
in

ib
 1

0 
m

g 
B

ID
N

 =
 3

53

T
of

ac
it

in
ib

 a
ll

N
 =

 4
16

PD
 t

of
ac

it
in

ib
 5

 m
g 

B
ID

N
 =

 1
39

PD
 t

of
ac

it
in

ib
 1

0 
m

g 
B

ID
N

 =
 6

01

T
of

ac
it

in
ib

 a
ll

N
 =

 7
40

E
xt

ra
in

te
st

in
al

 m
an

if
es

ta
ti

on
s,

 n
 (

%
)b

15
 (

23
.8

)
86

 (
24

.9
)

10
1 

(2
4.

8)
32

 (
23

.0
)

11
6 

(2
0.

1)
14

8 
(2

0.
7)

In
fe

ct
io

ns
, n

 (
%

)

 �
A

ll 
in

fe
ct

io
ns

47
 (

74
.6

)
20

5 
(5

8.
1)

25
2 

(6
0.

6)
89

 (
64

.0
)

30
4 

(5
0.

6)
39

3 
(5

3.
1)

  �


Se
ri

ou
s 

in
fe

ct
io

ns
4 

(6
.3

)
19

 (
5.

4)
23

 (
5.

5)
6 

(4
.3

)
23

 (
3.

8)
29

 (
3.

9)

  �


H
er

pe
s 

zo
st

er
 (

no
ns

er
io

us
 a

nd
 s

er
io

us
)

8 
(1

2.
7)

37
 (

10
.5

)
45

 (
10

.8
)

14
 (

10
.1

)
36

 (
6.

0)
50

 (
6.

8)

  �


O
pp

or
tu

ni
st

ic
 in

fe
ct

io
ns

b,
c,

d
4 

(6
.3

)
9 

(2
.6

)
13

 (
3.

2)
4 

(2
.9

)
14

 (
2.

4)
18

 (
2.

5)

  �


C
lo

st
ri

di
oi

de
s 

di
ffi

ci
le

 in
fe

ct
io

n
8 

(1
2.

7)
42

 (
11

.9
)

50
 (

12
.0

)
13

 (
9.

4)
50

 (
8.

3)
63

 (
8.

5)

  �


L
ow

er
 r

es
pi

ra
to

ry
 t

ra
ct

 in
fe

ct
io

n
18

 (
28

.6
)

63
 (

17
.8

)
81

 (
19

.5
)

24
 (

17
.3

)
60

 (
10

.0
)

84
 (

11
.4

)

M
A

C
E

, n
 (

%
)b,

c
2 

(3
.2

)
2 

(0
.6

)
4 

(1
.0

)
2 

(1
.4

)
3 

(0
.5

)
5 

(0
.7

)

M
al

ig
na

nc
ie

s,
 n

 (
%

)b,
c,

e

 �
M

al
ig

na
nc

ie
s 

(e
xc

lu
di

ng
 N

M
SC

)
2 

(3
.2

)
8 

(2
.3

)
10

 (
2.

5)
1 

(0
.7

)
10

 (
1.

7)
11

 (
1.

5)

  �


C
ol

or
ec

ta
l c

an
ce

r
0 

(0
.0

)
0 

(0
.0

)
0 

(0
.0

)
0 

(0
.0

)
4 

(0
.7

)
4 

(0
.6

)

  �


L
un

g 
ca

nc
er

0 
(0

.0
)

1 
(0

.3
)

1 
(0

.2
)

0 
(0

.0
)

0 
(0

.0
)

0 
(0

.0
)

  �


B
re

as
t 

ca
nc

er
1 

(1
.6

)
1 

(0
.3

)
2 

(0
.5

)
0 

(0
.0

)
0 

(0
.0

)
0 

(0
.0

)

  �


Ly
m

ph
om

a 
an

d 
ly

m
ph

op
ro

lif
er

at
iv

e 
di

se
as

e
0 

(0
.0

)
1 

(0
.3

)
1 

(0
.2

)
1 

(0
.7

)
0 

(0
.0

)
1 

(0
.1

)

  �


M
el

an
om

a
0 

(0
.0

)
1 

(0
.3

)
1 

(0
.2

)
0 

(0
.0

)
1 

(0
.2

)
1 

(0
.1

)

 �
N

M
SC

4 
(6

.3
)

11
 (

3.
2)

15
 (

3.
7)

1 
(0

.7
)

6 
(1

.0
)

7 
(1

.0
)

T
hr

om
bo

em
bo

lic
 e

ve
nt

s,
 n

 (
%

)

 �
T

hr
om

bo
em

bo
lis

m
1 

(1
.6

)
3 

(0
.8

)
4 

(1
.0

)
2 

(1
.4

)
5 

(0
.8

)
7 

(0
.9

)

  �


D
ee

p 
ve

in
 t

hr
om

bo
si

sf
0 

(0
.0

)
0 

(0
.0

)
0 

(0
.0

)
0 

(0
.0

)
1 

(0
.2

)
1 

(0
.1

)

  �


Pu
lm

on
ar

y 
em

bo
lis

m
f

0 
(0

.0
)

2 
(0

.6
)

2 
(0

.5
)

0 
(0

.0
)

4 
(0

.7
)

4 
(0

.5
)

  �


A
rt

er
ia

l t
hr

om
bo

em
bo

lis
m

g
1 

(1
.6

)
1 

(0
.3

)
2 

(0
.5

)
2 

(1
.4

)
0 

(0
.0

)
2 

(0
.3

)

A
bb

re
vi

at
io

ns
: A

E
, a

dv
er

se
 e

ve
nt

; B
ID

, t
w

ic
e 

da
ily

; M
A

C
E

, m
aj

or
 a

dv
er

se
 c

ar
di

ov
as

cu
la

r 
ev

en
ts

; M
ed

D
R

A
, M

ed
ic

al
 D

ic
ti

on
ar

y 
fo

r 
R

eg
ul

at
or

y 
A

ct
iv

it
ie

s;
 N

, n
um

be
r 

of
 p

at
ie

nt
s 

tr
ea

te
d 

in
 t

he
 t

re
at

m
en

t 
gr

ou
p;

 n
, 

nu
m

be
r 

of
 p

at
ie

nt
s 

in
 t

he
 s

pe
ci

fie
d 

ca
te

go
ry

; N
M

SC
, n

on
-m

el
an

om
a 

sk
in

 c
an

ce
r;

 P
D

, p
re

do
m

in
an

t 
do

se
; U

C
, u

lc
er

at
iv

e 
co

lit
is

.
a E

ve
nt

s 
th

at
 o

cc
ur

re
d 

>2
8 

da
ys

 a
ft

er
 t

he
 la

st
 d

os
e 

of
 s

tu
dy

 d
ru

g 
w

er
e 

ex
cl

ud
ed

.
b E

xc
lu

de
s 

da
ta

 f
ro

m
 p

ha
se

 2
 (

ev
er

 s
m

ok
er

s:
 P

D
 t

of
ac

it
in

ib
 1

0 
m

g 
B

ID
, N

 =
 3

45
; t

of
ac

it
in

ib
 a

ll,
 N

 =
 4

08
; a

nd
 n

ev
er

 s
m

ok
er

s:
 P

D
 t

of
ac

it
in

ib
 1

0 
m

g 
B

ID
, N

 =
 5

77
; t

of
ac

it
in

ib
 a

ll,
 N

 =
 7

16
).

c A
dj

ud
ic

at
ed

 e
ve

nt
s.

d E
xc

lu
de

s 
tu

be
rc

ul
os

is
 a

nd
 h

er
pe

s 
zo

st
er

 w
it

h 
2 

ad
ja

ce
nt

 d
er

m
at

om
es

.
e N

o 
ev

en
ts

 o
f 

pa
nc

re
at

ic
 c

an
ce

r 
or

 p
ro

st
at

e 
ca

nc
er

.
f A

dj
ud

ic
at

ed
 e

ve
nt

s 
fr

om
 O

C
T

A
V

E
 O

pe
n 

an
d 

R
IV

E
T

IN
G

, p
lu

s 
se

le
ct

ed
 e

ve
nt

s 
fr

om
 t

he
 p

ha
se

 2
 in

du
ct

io
n 

st
ud

y,
 O

C
T

A
V

E
 I

nd
uc

ti
on

 1
 a

nd
 2

, a
nd

 O
C

T
A

V
E

 S
us

ta
in

, f
ro

m
 t

he
 n

ar
ro

w
 S

ta
nd

ar
di

ze
d 

M
ed

D
R

A
 

qu
er

y 
fo

r 
em

bo
lic

 a
nd

 t
hr

om
bo

ti
c 

ev
en

ts
.

g S
el

ec
te

d 
ev

en
ts

 f
ro

m
 t

he
 n

ar
ro

w
 S

ta
nd

ar
di

ze
d 

M
ed

D
R

A
 q

ue
ry

 f
or

 e
m

bo
lic

 a
nd

 t
hr

om
bo

ti
c 

ev
en

ts
 (

v2
3.

0)
.



Rubin et al 9

Cigarette smoking is recognized to interfere with the 
course of UC; some studies have noted that active smoking 
results in a more benign course of disease compared with 
nonsmokers, and smoking cessation may be associated with 
new-onset UC and may negatively impact the course of the 
disease.3 Smoking was not predictive of the primary response 
to TNFi or vedolizumab in a systematic review of patients 
with inflammatory bowel disease.19 Conversely, real-world 
data from patients with UC treated with vedolizumab 
demonstrated that current or former smoking was signifi-
cantly associated with clinical remission at week 14.20

The treatment effect of tofacitinib compared with placebo 
in OCTAVE Induction 1 and 2, and OCTAVE Sustain, has 
previously been reported.15 The data reported here demon-
strate that, when stratified by smoking status, generally sim-
ilar proportions of patients achieved efficacy endpoints.

In the general population, smoking is a known risk factor 
for infections.21 A retrospective review of safety data from 
patients with inflammatory bowel disease treated with 
vedolizumab noted that active smokers were more likely 
to have respiratory infections and active smoking was in-
dependently associated with developing an infection; ac-
tive smokers also had a 3-fold increased risk for infections 
with vedolizumab.7 In contrast, a numerically similar pro-
portion of ever smokers and never smokers had lower res-
piratory tract infections in this study, although it should be 
noted that the ever smoker group consisted predominantly 
of ex-smokers and not current smokers. Previous analyses 
of data from the tofacitinib UC clinical program showed an 
elevated risk of herpes zoster in patients with UC receiving 
tofacitinib compared with placebo and, in univariate analyses 
but not in a multivariate analysis, smoking was identified as 
a risk factor for herpes zoster.22 However, in this study, the 
proportion of patients who had herpes zoster (nonserious and 
serious) was numerically similar in ever smokers and never 
smokers. Inflammatory bowel disease itself has been shown 
to be an independent risk factor for the development of C. 
difficile infection.23,24 In addition, the incidence rates of C. 
difficile infection have been reported to be higher in current 
smokers compared with ex-smokers and never smokers, and 
similar between ex-smokers and never smokers.25 In compar-
ison, in this analysis, a numerically similar proportion of ever 
smokers and never smokers had a C. difficile infection.

Smoking is also associated with a risk of serious chronic 
disorders, including cardiovascular disorders, lung disease, 
COPD, and many forms of cancer.26–28 Malignancies (ex-
cluding NMSC), NMSC, MACE, and venous thromboem-
bolic events occurred infrequently in the tofacitinib UC 
clinical program, details of which have previously been re-
ported.17,18,29–31 In our study, the proportions of patients with 
these AEs were numerically similar between ever smokers and 
never smokers. Of note, the small sample size, duration of 
follow-up, and the relatively young age of patients, without 
a prominent risk profile, render the patient population sub-
optimal to explore the impact of smoking on MACE and 
pulmonary embolism events. Colorectal cancer is a severe 
complication of UC, and in a retrospective cohort study of 
patients with UC, smoking was identified as the main risk 
factor for the development of colorectal cancer.8 Interestingly, 
in our study cohort, 4 never smokers had colorectal cancer, 
although this finding should be interpreted with caution due 
to the small number of patients included in this analysis.

An important component of the impact of UC is the de-
velopment of extraintestinal manifestations,32 and these have 
been shown to be associated with active smoking.6 Data from 
a retrospective safety analysis of patients with UC treated 
with vedolizumab reported that active smokers at the time of 
vedolizumab initiation had an increased risk of noninfectious 
AEs; however, in this study, a numerically similar proportion 
of ever smokers and never smokers reported extraintestinal 
manifestations.

This study has some limitations. The studies included 
in this analysis were not designed to assess the impact of 
smoking status, and all assessments are descriptive, with 
no formal statistical analysis. Most patients in the ever 
smoker group were ex-smokers, and the number of cur-
rent smokers was low; therefore, a robust analysis of the 
ever smokers stratified by current smokers and ex-smokers 
was not feasible (Tables S2 and S3, Supplementary Data 
Content). Consequently, these data should be interpreted 
with caution. However, it is noteworthy that the baseline 
clinical characteristics for the ever smoker group show that 
within the current smoker and ex-smoker subgroups, the 
time since smoking initiation, and the time since smoking 
cessation, respectively, varied widely. Therefore, this also 
suggests that analysis of data stratified by current and 
ex-smokers should be interpreted with caution, due to the 
heterogeneity within subgroups. Additionally, factors such 
as the degree of smoking (pack-years or dose exposure), 
time between smoking cessation and UC diagnosis, time 
between smoking cessation and initiation of tofacitinib, 
and smoking of other substances beyond cigarettes (eg, 
e-cigarettes, noncommercial tobacco) were not collected 
during the studies. Efficacy analyses were not adjusted for 
characteristics such as age and disease duration, and the 
low number of some AEs limits the interpretation of these 
data. Baseline differences between the ever smokers and 
never smokers in factors known to impact infection risk 
(eg, age, disease duration, treatment history, and comorbid 
COPD) were not adjusted for in this analysis.

Conclusions
This post hoc analysis of data from the tofacitinib UC clin-
ical program suggested that tofacitinib efficacy and safety 
in patients with UC were generally similar in ever smokers 
and never smokers. Overall, SAEs and infections were more 
frequent in ever smokers versus never smokers; however, at 
baseline, there were differences in factors known to impact in-
fection risk between the 2 groups. These findings may inform 
treatment selection and monitoring strategies in patients with 
UC and support the recommendation to stop or refrain from 
cigarette smoking.

Supplementary Data
Supplementary data are available at Crohn’s & Colitis 360 
online.
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