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Background: Tofacitinib is an oral, small molecule Janus kinase inhibitor for the treatment of ulcerative colitis (UC). Here, we performed an 
integrated analysis of malignancy events from the tofacitinib phase 3 UC clinical development program (excluding nonmelanoma skin cancer 
[NMSC]).

Methods: Data (up to May 2019) were pooled from two phase 3 induction studies, a phase 3 maintenance study, and an ongoing, open-label, 
long-term extension (OLE) study, and analyzed as 3 cohorts: induction (N = 1139), maintenance (N = 592), and overall (induction, maintenance, 
and ongoing OLE study; N = 1124). Proportions and incidence rates (IRs; unique patients with events per 100 patient-years [PY] of exposure) 
for malignancies confirmed by adjudication were calculated.

Results: The overall cohort consisted of patients who received at least 1 dose of tofacitinib at 5 or 10 mg twice daily, for up to 6.8 years, with an 
exposure of 2576.4 PY. Of the 1124 overall cohort tofacitinib-treated patients, 20 developed a malignancy (excluding NMSC; IR, 0.75; 95% con-
fidence interval, 0.46–1.16), of which 17 occurred in patients treated with tofacitinib 10 mg twice daily; importantly, more than 80% of patients 
predominantly received this dose. Furthermore, there was no apparent clustering of malignancy types, and IRs were stable over time.

Conclusions: In the tofacitinib UC clinical development program, malignancy events were infrequent, and rates were comparable with those 
in the tofacitinib rheumatoid arthritis and psoriatic arthritis clinical development programs, and for biologic UC treatments. ClinicalTrials.gov: 
NCT01465763, NCT01458951, NCT01458574, and NCT01470612.
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INTRODUCTION
Ulcerative colitis (UC) is a chronic, idiopathic in-

flammatory disorder of  the colon, with an unknown eti-
ology.1 Compared with the general population, patients 

with UC are at increased risk of  developing a malignancy; 
this may be due to the immunosuppressive treatments used, 
the underlying immune dysfunction of  UC, or a combina-
tion of  both factors.2, 3 A  serious complication of  UC is 
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the development of  colorectal cancer, the pathogenesis of 
which is driven by inflammation-dependent mechanisms.4 
Most patients with UC require life-long treatment, one of 
the goals of  which is to reduce inflammation and thereby 
reduce the risk of  developing colorectal cancer.5 Cervical 
dysplasia has also been reported at an increased rate in fe-
males with inflammatory bowel disease (IBD) compared 
with  females without IBD.6

Treatments for UC, such as thiopurines and tumor ne-
crosis factor inhibitors (TNFi), have been associated with 
increased risk of  malignancy.7–9 This increased risk attrib-
uted to TNFi therapy is thought to be driven by concomitant 
immunomodulatory therapy, with no evidence to suggest 
an increased risk in those treated with TNFi alone.10, 11 
Compared with no exposure to azathioprine, when adjusted 
for age, treatment of  patients with IBD with azathioprine 
was shown to increase the risk of  developing cancer (rate 
ratio 1.43).7 Whether or not stopping thiopurine treatment 
reduces a patient’s cancer risk is unknown, with evidence 
suggesting a risk reduction after cessation7 and conflicting 
data proposing an ongoing increased risk after cessation.12 
A nationwide cohort study based on French National Health 
Insurance databases concluded that the use of  thiopurine or 
TNFi monotherapy was associated with an increased risk of 
lymphoma compared with no exposure to either agent, and 
combination therapy with these agents increased the risk fur-
ther.9 A  recent meta-analysis emphasized the age-adjusted 
nature of  lymphoma in patients using thiopurines, with the 
highest risk in patients older than 50 years and in males.13 In 
patients with IBD, an increased risk of  nonmelanoma skin 
cancer (NMSC) has been associated with past or concurrent 
thiopurine therapy.12, 14

Tofacitinib is an oral, small molecule Janus kinase in-
hibitor for the treatment of UC. The safety of tofacitinib in 
adults with moderate to severe active UC was evaluated in 
clinical studies, including a phase 2 dose-ranging study,15 two  
phase 3 induction studies,16 a maintenance study,16 and an on-
going, open-label, long-term extension study.17

Sandborn et al, as part of a report on the integrated safety 
analyses of tofacitinib-treated patients with moderate to severe 
UC, reported malignancy (excluding NMSC) and NMSC rates 
for the overall cohort (all patients who received tofacitinib) 
of the UC tofacitinib clinical development program up to 
December 2016.18 Here, we further characterize the safety of 
tofacitinib in patients with UC. We present updated (up to May 
2019)  integrated interim analyses of malignancy (excluding 
NMSC) events along with supplemental analyses to evaluate 
the relationship between malignancy (excluding NMSC) events 
and average daily tofacitinib dose levels, changes over time, and 
to identify potential risk factors that may predispose patients 
to malignancies.

MATERIALS AND METHODS

Tofacitinib Ulcerative Colitis Clinical 
Development Program

Data from patients treated with tofacitinib 5 mg twice 
daily and tofacitinib 10 mg twice daily in the tofacitinib UC 
clinical development program (including three phase 3 studies16 
and an ongoing, phase 3, open-label, long-term extension 
study17) were pooled (Fig. 1, Table 1). Data generated from the 
dose-ranging phase 2 study (ClinicalTrials.gov: NCT00787202) 
informed the dose selection for evaluation in the phase 3 
studies.15 The phase 3 program evaluated the efficacy and 
safety of tofacitinib in 2 identical 8-week induction studies 
(ClinicalTrials.gov: NCT01465763, NCT01458951), a 52-week 
maintenance study (NCT01458574), and an ongoing, open-
label, long-term extension study (NCT01470612; Fig. 1).16, 17

Safety Analysis Cohorts for Malignancy Events
For evaluation of safety, data from the tofacitinib UC 

clinical development program were pooled and analyzed as 3 
cohorts (Table 1).

The overall cohort allows for the evaluation of malig-
nancies up to 6.8 years. To evaluate the potential relationship 
between malignancies and tofacitinib dose level, patients were 
analyzed as 2 groups based on their average daily tofacitinib 
dose: predominant-dose tofacitinib 5 mg twice daily (average 
daily dose: <15 mg; patients who received tofacitinib 5 mg twice 
daily for most of their treatment duration) and predominant-
dose tofacitinib 10 mg twice daily (average daily dose: ≥15 mg; 
patients who received tofacitinib 10 mg twice daily for most 
of their treatment duration). For overall cohort analyses, the 
start of data capture for tofacitinib exposure was set as the first 
day of tofacitinib treatment, regardless of whether the patient 
was initially randomized to receive tofacitinib or placebo in 
OCTAVE Induction 1 or 2 or OCTAVE Sustain. Occurrence 
of malignancies in patients who only received placebo during 
OCTAVE Induction 1 or 2 or OCTAVE Sustain was not in-
cluded in the overall cohort analyses.

In each cohort, a patient only contributed once to the de-
nominator of each treatment.

Malignancy Adjudication Committee
Biopsies of all potentially malignant tumors were sub-

mitted for blinded, central over-read of histopathology. To 
increase objectivity and control variability, an independent, ex-
ternal, blinded malignancy adjudication committee (consisting 
of US board-certified oncologists) reviewed all potential malig-
nancy events in the phase 3 studies and the ongoing, open-label, 
long-term extension study to assess if  the possible event met 
the criteria for malignancy classification. Potential malignancy 
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events were identified for adjudication by review of all adverse 
events (AEs) and serious AEs coded to the malignant tumor 
standard Medical Dictionary for Regulatory Activities queries, 
events submitted for histopathology review as potential malig-
nancies, and any additional cases nominated by investigators 
or the study sponsor for review. Identification of potential 

malignancy cases were based on all available study data, in-
cluding output from the histopathology review, where available.

Proportions and Incidence Rates
For the induction cohort, due to the short treatment du-

ration (up to 9 weeks) and similar mean durations of treatment 

FIGURE 1. Overview of the tofacitinib UC clinical development program. aFinal complete efficacy assessment at week 8 of 52. Treatment continued 
up to week 9 of 53. bClinical response in OCTAVE Induction 1 and 2 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. cRemission was de-
fined as a total Mayo score of ≤2 with no individual subscore >1, and a rectal bleeding subscore of 0. dStudy A3921139 (OCTAVE Open) is ongoing. 
Abbreviations: N, number of patients included in the cohort analysis; UC, ulcerative colitis.

TABLE 1. Summary of the Cohorts Used for Analysis of Malignancies

Cohort Description

Induction Patients Patients who received either placebo or tofacitinib 10 mg twice daily in OCTAVE Induction 1 or 2 
for 8 weeks

Treatment groups Placebo, tofacitinib 10 mg twice daily
Exposure time 0–9 weeks

Maintenance Patients Patients who completed induction treatment with either placebo or tofacitinib 10 mg twice daily 
demonstrated a clinical response and entered the phase 3 maintenance study

Treatment groups Placebo, tofacitinib 5 mg twice daily, tofacitinib 10 mg twice daily
Exposure time 0–53 weeks

Overall Patients All patients who received at least one dose of tofacitinib 5 mg or 10 mg twice daily in induction 
studies, the maintenance study, and ongoing OLE studies 

Treatment groups Tofacitinib All, predominant-dose tofacitinib 5 mg twice daily, predominant-dose tofacitinib 10 mg 
twice daily

Exposure time Up to 6.8 years

Abbreviations: OLE, open-label, long-term extension
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between the treatment groups, evaluation of malignancies was 
based on the proportions of patients with events. In contrast, for 
the maintenance and overall cohorts, incidence rates (IRs) were 
calculated based on the number of events per 100 patient-years 
[PY] of exposure. All IR calculations were based on patient cen-
soring at the time of first event or study withdrawal/death.

The changes in IR over time were calculated using 
6-month exposure intervals.

Risk Factor Analysis
Summary subgroup analysis was used to identify poten-

tial risk factors that could be associated with malignancy events. 
Potential risk factors included oral corticosteroid use at baseline 
(yes, no), prior TNFi use (yes, no), TNFi failure (yes, no), prior 
thiopurines use (yes, no), and thiopurines failure (yes, no).

Cox proportional regression models were used to assess 
the association of demographic and clinical factors with the 
risk of malignancies (excluding NMSC). Models were applied 
to the overall cohort, which included all patients exposed to 
tofacitinib in the UC program and excluded any time periods 
and events experienced while receiving placebo. Evaluated 
baseline factors included (but were not limited to) age, sex, 
race, body weight, prior TNFi use, prior TNFi failure, prior 
immunosuppressant use, oral corticosteroid use at baseline, 
and predominant-dose tofacitinib (a full list of the factors con-
sidered is provided in Supplementary Table 1).

The modeling approach for baseline characteristics first 
applied univariate models to identify individual risk factors 
with a statistically significant relationship to malignancy; fac-
tors with P < 0.10 were then included in a stepwise multivariable 
model. The final model included all factors from the stepwise 
model with P < 0.05.

Ethical Considerations
All studies were conducted in compliance with the 

Declaration of Helsinki and the International Conference 
on Harmonization Good Clinical Practice Guidelines and 
were approved by the Institutional Review Boards and/or 
Independent Ethics Committees at each of the investigational 
centers participating in the studies, or a central Institutional 
Review Board. All patients provided written informed consent.

Inclusion and exclusion criteria for OCTAVE Induction 
1 and 2 and OCTAVE Sustain have been described previously 
(see the Supplementary Data).16 OCTAVE Open enrolled pa-
tients who were nonresponders after completing OCTAVE 
Induction 1 or 2, and patients who completed, or were treat-
ment failures in, OCTAVE Sustain.

RESULTS

Patients
Baseline characteristics and demographics are shown in 

Table 2 for the 3 cohorts. The overall cohort consisted of 1124 

patients who received at least 1 dose of tofacitinib at 5 mg or 
10 mg twice daily in the UC clinical development program for 
up to 6.8 years, as of May 27, 2019, with an exposure of 2576.4 
PY (mean, 837.2 days; median, 685.5 days; range, 1–2494 days). 
Due to the design of the OCTAVE studies, the majority (926 
of 1124; 82%) of patients received a predominant dose of 
tofacitinib 10 mg twice daily

Malignancy Events
The malignancy adjudication process was not used in 

the phase 2 study, although no AEs with a neoplasm or ma-
lignancy preferred term were reported in the phase 2 study. In 
the induction cohort, no malignancy (excluding NMSC) events 
arose in either treatment group, and in the maintenance cohort, 
there were no malignancy events in patients treated with either 
tofacitinib at 5 mg or 10 mg twice daily. However, a single event 
of breast cancer occurred in a placebo-treated patient with no 
prior tofacitinib exposure.

In total, 20 patients had malignancies (excluding 
NMSC) in the overall cohort as of  May 2019; the overall IR 
for all tofacitinib-treated patients in the UC clinical develop-
ment program was 0.75/100 PY (95% confidence interval [CI], 
0.46–1.16; Fig.  2). All malignancy events occurred during 
OCTAVE Open; 17 patients had received predominant-dose 
tofacitinib 10 mg twice daily, resulting in an IR of  0.86 (95% 
CI, 0.50–1.38), and 3 patients had received predominant-
dose tofacitinib 5 mg twice daily (IR 0.44; 95% CI, 0.09–1.29; 
Fig. 2). These included 1 event each of  cholangiocarcinoma 
(also with peritoneal metastases), leukemia, lung cancer 
(ex-smoker), essential thrombocythemia, renal cancer, he-
patic angiosarcoma, cancer of  the penis, esophageal adeno-
carcinoma, and cutaneous leiomyosarcoma; 2 reports each of 
colorectal cancer, cervical cancer, lymphoma, and melanoma; 
and 2 reports of  breast cancer (patient listings for malignan-
cies are shown in Supplementary Table 2).

Colorectal Cancer
Two patients in the predominant-dose tofacitinib 10 

mg twice daily group reported colorectal cancer, resulting in 
a colorectal cancer IR for the overall cohort of  0.08 (95% CI, 
0.01–0.27; Table 3). One of  the colorectal cancer events oc-
curred in a patient (male, late 40s) with pancolitis who was 
diagnosed with UC 16 years before enrollment and received 
placebo during OCTAVE Induction and due to nonresponse 
progressed to OCTAVE Open and received tofacitinib 10 mg 
twice daily. Colon biopsy at week 8 of  OCTAVE Induction 
identified this patient to have high-grade dysplasia of  the 
cecum; the patient subsequently underwent a colectomy. 
The second colorectal cancer event occurred in a patient 
(male, mid-30s) with pancolitis who was diagnosed with 
UC 25 years before enrollment and received placebo during 
OCTAVE Induction and due to nonresponse progressed to 
OCTAVE Open and received tofacitinib 10 mg twice daily. 

http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izaa199#supplementary-data
http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izaa199#supplementary-data
http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izaa199#supplementary-data
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After a surveillance biopsy, the patient was identified to have 
adenocarcinoma with metastases to the liver; the patient sub-
sequently had a subtotal colectomy without primary anasto-
mosis and liver metastasectomy.

Lymphoma
As of the May 2019 data cut, 2 events of lymphoma were 

reported in tofacitinib-treated patients, and the overall IR was 
0.08 (95% CI, 0.01–0.27).

TABLE 2. Demographics and Baseline Characteristics of the Induction, Maintenance, and Overall Cohorts

Induction Cohort (phase 3) Maintenance Cohort (phase 3)

Overall Cohort 
(phase 3/open-label, 
long-term extension)

 
Placebo

(N = 234)

Tofacitinib
10 mg 

twice daily 
(N = 905)

Placebo
(N = 198)

Tofacitinib
5 mg twice 

daily 
(N = 198)

Tofacitinib
10 mg 

twice daily 
(N = 196)

Tofacitinib All
(N = 1124)a

Total PY of exposure 38.2 151.2 100.4 146.2 154.3 2576.4
Age (years), mean (SD) 41.1 (14.4) 41.2 (13.8) 43.4 (14.0) 41.9 (13.7) 43.0 (14.4) 41.2 (13.9)
Male, n (%) 132 (56.4) 536 (59.2) 116 (58.6) 103 (52.0) 110 (56.1) 658 (58.5)
Race, n (%)
 White 186 (79.5) 726 (80.2) 155 (78.3) 164 (82.8) 153 (78.1) 897 (79.8)
 Asian 28 (12.0) 114 (12.6) 26 (13.1) 23 (11.6) 25 (12.8) 144 (12.8)
Geographical region, n (%)
 Asia 26 (11.1) 95 (10.5) 20 (10.1) 22 (11.1) 21 (10.7) 123 (10.9)
 Eastern Europe 67 (28.6) 260 (28.7) 57 (28.8) 66 (33.3) 63 (32.1) 319 (28.4)
 North America 53 (22.6) 187 (20.7) 45 (22.7) 39 (19.7) 44 (22.4) 241 (21.4)
 Western Europe 68 (29.1) 274 (30.3) 55 (27.8) 47 (23.7) 57 (29.1) 337 (30.0)
 Rest of the world 20 (8.5) 89 (9.8) 21 (10.6) 24 (12.1) 11 (5.6) 104 (9.3)
Extent of disease, n (%)b,c

 Proctosigmoiditis 35 (15.0)d 132 (14.6)d 21 (10.6)d 28 (14.3)d 33 (16.9)d 163 (14.5)d

 Left-sided colitis 76 (32.6)d 307 (34.0)d 68 (34.3)d 66 (33.7)d 60 (30.8)d 380 (33.9)d

 Pancolitis 122 (52.4)d 463 (51.3)d 108 (54.5)d 102 (52.0)d 102 (52.3)d 577 (51.5)d

Duration of UC (years), mean (SD) 8.1 (7.0) 8.1 (7.0) 8.8 (7.5) 8.3 (7.2) 8.7 (7.0) 8.2 (7.0)
Mean total Mayo score (SD) 9.0 (1.5)e 9.0 (1.4)e 3.3 (1.8) 3.3 (1.8) 3.4 (1.8) 8.6 (2.0)e

Median C-reactive protein, mg/L 4.7f 4.6f 1.0 0.7 0.9 4.5f

Prior TNFi treatment, n (%)c 130 (55.6) 488 (53.9) 92 (46.5) 90 (45.5) 100 (51.0) 612 (54.4)
Prior TNFi failure, n (%)c 124 (53.0) 465 (51.4) 89 (44.9) 83 (41.9) 92 (46.9) 583 (51.9)
Prior thiopurine treatment, n (%)c 160 (68.4) 683 (75.5) 134 (67.7) 149 (75.3) 144 (73.5) 838 (74.6)
Oral corticosteroid use at baseline, n (%)g 113 (48.3) 412 (45.5) 100 (50.5) 101 (51.0) 86 (43.9) 505 (44.9)
Mean oral corticosteroid daily dose at  

baseline –prednisone equivalent, mg/day (SD)g

16.5 (6.0) 16.1 (6.4) 15.9 (6.2) 14.9 (6.2) 14.5 (5.9) 16.0 (6.3) 

Smoker status, n (%)
 Current smoker 9 (3.8) 47 (5.2) 12 (6.1) 7 (3.5) 6 (3.1) 58 (5.2)
 Never smoked 161 (68.8) 569 (62.9) 113 (57.1) 142 (71.7) 127 (64.8) 716 (63.7)
 Ex-smoker 64 (27.4) 289 (31.9) 73 (36.9) 49 (24.7) 63 (32.1) 350 (31.1)

Abbreviations: N, number of patients in the treatment group; n, number of unique patients with characteristic; PY, patient-years; SD, standard deviation; TNFi, tumor necrosis 
factor inhibitor; UC, ulcerative colitis.
aAll patients who received tofacitinib 5 or 10 mg twice daily in phase 3 trials (OCTAVE Induction 1 and 2, OCTAVE Sustain, and OCTAVE Open).
bOne patient with proctitis who received tofacitinib in OCTAVE Induction and placebo in OCTAVE Sustain, and was enrolled as a protocol deviation.
cData were collected at the start of the phase 3 induction studies.
dInduction cohort: placebo, N = 233, tofacitinib 10 mg twice daily, N = 903. Maintenance cohort: placebo, N = 198, tofacitinib 5 mg twice daily, N = 196, tofacitinib 10 mg twice 
daily, N = 195. Overall cohort: N = 1121.
eInduction cohort: placebo, N = 233, tofacitinib 10 mg twice daily, N = 903. Overall cohort: N = 1122.
fInduction cohort: placebo, N = 233, tofacitinib 10 mg twice daily, N = 891. Overall cohort: N = 1110.
gBased on prednisone-equivalent total daily dose and excludes medications such as budesonide and beclomethasone.
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Non-Hodgkin lymphoma (Epstein-Barr virus-positive) 
was reported in a patient with refractory disease who received 
tofacitinib 10 mg twice daily during OCTAVE Induction, pro-
gressed directly to OCTAVE Open as a nonresponder, and con-
tinued to receive tofacitinib 10 mg twice daily. However, this 
patient failed to respond. After colectomy due to a perforated 
sigmoid colon and subsequent colonic tissue examination, a diag-
nosis of non-Hodgkin lymphoma was made, suggesting that co-
lonic lesions might be a manifestation of the lymphoproliferative 

disease. The patient had a history of prior UC treatment with 
TNFi and thiopurines; this patient had been receiving prednisone 
long term (doses between 10–40 mg/day) before the event.

A patient who had received predominant-dose 
tofacitinib 5 mg twice daily developed a diffuse large B-cell 
lymphoma that originated in the testis (not associated with 
Epstein-Barr virus). This patient also had a history of  prior 
UC treatment with TNFi but no history of  treatment with 
thiopurines.

TABLE 3. Proportions and Incidence Rates of Malignancies (Excluding Nonmelanoma Skin Cancer) of Interest in the 
Overall Cohorta

Tofacitinib All
Predominant-dose Tofacitinib  

5 mg Twice Daily
Predominant-dose Tofacitinib  

10 mg Twice Daily

Total number of patients 1124 198 926
Primary analysis
 Total PY of exposure 2576.4 664.1 1912.2
 Patients with events, n (%) 20 (1.8) 3 (1.5) 17 (1.8)
 IR (95% CI) 0.75 (0.46–1.16) 0.44 (0.09–1.29) 0.86 (0.50–1.38)
Colorectal cancer
 Total PY of exposure 2661.70 677.87 1983.83
 Patients with events, n (%) 2 (0.2) 0 (0.0) 2 (0.2)
 IR (95% CI) 0.08 (0.01–0.27) 0.00 (0.00–0.54) 0.10 (0.01–0.36)
Lymphoma and lymphoproliferative disease
 Total PY of exposure 2661.76 677.76 1984.00
 Patients with events, n (%) 2 (0.2) 1 (0.5) 1 (0.1)
 IR (95% CI) 0.08 (0.01–0.27) 0.15 (0.00–0.82) 0.05 (0.00–0.28)

Abbreviations: CI, confidence interval; IR, incidence rate (unique patients with event per 100 PY of exposure); n, number of patients with the event; PY, patient-years.
aAll events, including those that are outside the 28-day risk period, are included.

FIGURE 2. Proportions and IRs of adjudicated malignancies (excluding nonmelanoma skin cancer) in the maintenance and overall cohorts. 
Abbreviations: CI, confidence interval; IR, incidence rate (unique patients with events per 100 PY of exposure); N, number of patients; PD, 
 predominant dose; PY, patient-years.
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Malignancy Cause of Deaths
Four patients who received predominant-dose tofacitinib 

10 mg twice daily died, 3 of whom had a cause of death re-
ported to be due to malignancy (excluding NMSC) that oc-
curred >28 days after the last dose of tofacitinib. Malignancy 
events reported included 1 event each of hepatic angiosarcoma 
(this patient had fatal complications after a liver biopsy 
232  days after first tofacitinib dose), acute myeloid leukemia 
(398 days after first tofacitinib dose), and melanoma (1518 days 
after first tofacitinib dose). The fourth patient died from pul-
monary embolism after developing cholangiocarcinoma and 
metastases to the peritoneum and undergoing an endoscopic 
retrograde cholangiopancreatography (384  days after first 
tofacitinib dose).

Malignancy Events Over Time and Risk Factors
The interval overall IR of malignancies (excluding 

NMSC) by 6-month intervals was stable over the duration 
of exposure, with an IR of 0.41 (95% CI, 0.05–1.47) within 
the first 6  months and an IR of 0.65 (95% CI, 0.24–1.41) at 
>30 months (Fig. 3).

In the overall cohort, there appeared to be a trend towards 
an increased risk of malignancy (excluding NMSC) in those 
patients with prior treatment and/or treatment failure with 
thiopurines or TNFi, compared with those without (Fig. 4). Of 
the 20 patients with malignancy (excluding NMSC) events, 13 
had prior TNFi treatment and failure, 19 had received prior 

thiopurines treatment, and 18 had thiopurines treatment failure 
(see Supplementary Table 2). Ten patients with malignancy (ex-
cluding NMSC) events had prior treatment with both TNFi 
and thiopurines (see Supplementary Table 2).

When the multivariable Cox proportional hazard model 
was applied for the overall cohort (tofacitinib all doses), 
increasing age (every 10 years) and disease duration were iden-
tified as significant risk factors for malignancies (excluding 
NMSC; hazard ratio 1.45; 95% CI, 1.03–2.04 and 1.05; 95% 
CI, 1.00–1.09, respectively). No other variables analyzed (see 
Supplementary Table 1), including prior treatment and/or 
treatment failure with thiopurines or TNFi, were identified as 
significant risk factors. Results of the univariate analyses are 
shown in Supplementary Table 1.

DISCUSSION
Malignancies (excluding NMSC) occurred infrequently 

in the tofacitinib UC clinical development program, with no 
clustering of  specific types and no increase in risk over time. 
As of  May 2019, all malignancy (excluding NMSC) events in 
tofacitinib-treated patients occurred during OCTAVE Open; 
17 patients who had experienced a malignancy had received a 
predominant dose of  tofacitinib 10 mg twice daily (due to the 
study design, 82% of  patients fell into this category), and 3 had 
received a predominant dose of  tofacitinib 5 mg twice daily. In 
OCTAVE Sustain, 1 placebo-treated patient developed breast 
cancer. The use of  a malignancy adjudication committee 

FIGURE 3. Incidence rates for malignancies (excluding nonmelanoma skin cancer) in the overall cohort, by 6-monthly intervals. Abbreviations: CI, 
confidence interval; IR, incidence rate (unique patients with events per 100 PY of exposure); PY patient-years. 

http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izaa199#supplementary-data
http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izaa199#supplementary-data
http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izaa199#supplementary-data
http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izaa199#supplementary-data
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across the phase 3 studies ensured systematic application of 
definitions and validity of  data. Investigators reported the re-
lationship between a malignant event and tofacitinib, and re-
latedness was established by the event-onset date, with a long 
period to onset required to associate the event with treatment.

The malignancy (excluding NMSC) IR reported here (0.75 
overall) is similar to those reported with other UC treatments; a 
malignancy (excluding NMSC) IR of 0.6 was determined from a 
pooled analysis of 10 infliximab UC studies,19 and a malignancy IR 
of 0.5 was reported in patients with UC treated with vedolizumab.20 
The IR of malignancies can be contextualized further by com-
parison to the US Truven MarketScan claims database trial cri-
teria cohort of patients receiving TNFi, for whom a comparable 
malignancy (excluding NMSC) IR of 0.63 was determined.21 
Malignancy (excluding NMSC) events observed in the tofacitinib 
UC clinical development program are consistent with data from 
the tofacitinib rheumatoid arthritis and psoriatic arthritis clinical 
programs, with IRs of 0.8 and 0.55, respectively.21, 22 Data from 
the rheumatoid arthritis long-term extension study represents over 
9 years of tofacitinib clinical experience and ~16,000 PY of expo-
sure, and did not report an IR increase over time.22

Over a 6.8-year period, 20 patients had a confirmed ma-
lignancy (excluding NMSC) in the tofacitinib UC clinical de-
velopment program, 2 of which were colorectal cancer with 
an IR of 0.08. In one case, the diagnosis of colorectal cancer 
was made upon colectomy for high-grade dysplasia identified 
during protocol-mandated endoscopy at the end of the 8-week 
induction period, during which this patient received placebo. 
Therefore, it can be assumed malignancy was present before 
tofacitinib exposure.

Data from 6 vedolizumab clinical trials in patients with 
UC and Crohn’s disease (2830 patients in total) reported 13 ma-
lignancy (excluding NMSC) events; 3 of the 13 events were co-
lorectal cancer with an IR of 0.1.23

NMSC events occurred across the UC clinical develop-
ment program and will be reported separately. A greater pro-
portion of NMSC events occurred in patients who received 
predominant-dose tofacitinib 10 mg twice daily compared with 
patients who received predominant-dose tofacitinib 5 mg twice 
daily. NMSC events are being reported separately in consider-
ation of the risk factors associated with NMSC, including im-
pact of prior therapies.

Female patients with UC have been identified to be at in-
creased risk of cervical dysplasia, compared with those without 
UC.6 Two events of cervical cancer occurred over 6.8 years in 
the tofacitinib UC clinical development program. Treatment of 
UC with immunosuppressive agents has been associated with 
an increased risk of lymphoma.24 Two patients developed lym-
phoma in the tofacitinib UC clinical development program; 
both patients had prior exposure to TNFi, and one had pre-
viously received thiopurines. Thiopurine or TNFi exposure is 
associated with an increased lymphoma risk compared with 
no exposure and a further increase in risk with combination 
therapy compared with monotherapy.9 The IR of lymphoma 
after thiopurine discontinuation has been shown to gradually 
decline over time.25 Kotlyar et  al showed the lymphoma risk 
after thiopurine exposure did not persist after thiopurine cessa-
tion, with a lower IR in former users (1.42; 95% CI, 0.86–2.34) 
compared with current users (5.71; 95% CI, 3.72–10.1).13

In the overall cohort, half  of the patients with malig-
nancy (excluding NMSC) events had prior treatment with both 
thiopurines and TNFi. A pooled safety analysis of infliximab 
treatment in patients with UC showed the malignancy IRs of 
those treated with infliximab and placebo to be similar between 
patients with and without immunosuppressant use.19 However, 
there was a trend for a higher malignancy IR (although not 
significant) in patients with prior immunosuppressant treat-
ment, compared with immunosuppressant-naïve patients,19 
supporting data suggesting that thiopurines are associated with 
a moderately increased risk of malignancy.

In the UC clinical development program, there was no 
dose-dependent association with numerically similar rates of 
malignancy (excluding NMSC) in the 2 predominant-dose 
groups. However, caution should be exercised when evaluating 
these data, with most patients categorized to predominant-dose 
tofacitinib 10 mg twice daily due to the OCTAVE UC clinical 
development program design. Data from the tofacitinib clin-
ical development program (including rheumatoid arthritis, 
psoriatic arthritis, psoriasis, and UC) does not show a dose-
dependent association with the risk of malignancies (excluding 
NMSC).21 Within the rheumatoid arthritis clinical program, 
the IR of malignancies (excluding NMSC) was similar between 
doses, with an IR of 0.8 and 0.9 for patients who received 
constant tofacitinib 5 mg or 10 mg twice daily, respectively.26 
Further data on malignancy events in patients with rheuma-
toid arthritis will be gained from the ongoing, postmarketing, 
open-label study designed to compare the safety of tofacitinib 

FIGURE 4. Incidence rates for malignancies (excluding nonmelanoma 
skin cancer) in the overall cohort, by subgroup. Abbreviations: CI, con-
fidence interval; IR, incidence rate (unique patients with event per 100 
PY of exposure); PY, patient-years; TNFi, tumor necrosis factor inhibitor.
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vs TNFi with respect to major adverse cardiovascular events 
and malignancies (excluding NMSC; NCT02092467).

In the UC clinical development program, there was no ev-
idence of an increase in risk of malignancy (excluding NMSC) 
with increased duration of tofacitinib treatment as shown by 
IR analysis by 6-month intervals. Furthermore, the 20 (1.8%) 
patients with malignancies (excluding NMSC) and an IR of 
0.75 (95% CI, 0.46–1.16) reported here is comparable with pre-
vious data reported up to December 2016 of 11 (1.0%) patients 
with malignancies with an IR of 0.7 (95% CI, 0.3–1.2).18 This 
was also true in the larger tofacitinib rheumatoid arthritis clin-
ical development program, during which the IR remained rela-
tively stable across time intervals at approximately 1.0/100 PY 
through to 9.4 years.26, 27

An important limitation of these analyses was the small 
size of the patient population in the UC clinical development 
program; IRs were based on relatively few events observed in 
1124 patients, therefore determining risk factors for malignancy 
was challenging. Furthermore, approximately three-quarters 
of patients in the overall cohort had prior immunosuppres-
sant exposure, which is known to carry a long-term risk of 
malignancy7–9 and may have affected the analysis of these 
data. Moreover, data concerning the duration of exposure to 
thiopurines were not available for the patients analyzed; there-
fore, it was not possible to further stratify the effect of prior 
immunosuppressant exposure on malignancy risk.

The data presented both here and previously from pa-
tients with UC demonstrate the difficulties in evaluating risk 
factors in a population with prior exposure to multiple treat-
ments that are themselves potential risk factors. The safety 
profile of tofacitinib in UC integrated from 5 clinical studies 
with treatment durations of up to 6.8 years, showed that malig-
nancies occurred infrequently, with no apparent clustering of 
type, and the risk did not increase with time. The IR of ma-
lignancies (excluding NMSC) with tofacitinib was comparable 
with that seen in the rheumatoid arthritis and psoriatic arthritis 
programs21, 26 and with that reported for biologic therapies for 
UC.19, 23 Continued monitoring of risk for malignancies over 
time is needed to fully assess the risk of malignancies including 
NMSC in patients treated with tofacitinib; larger studies with 
longer exposure, including analysis of registry data, will en-
able further understanding of the long-term safety profile of 
tofacitinib for patients with UC. Before initiation of tofacitinib 
treatment, the risks and benefits of tofacitinib should be 
considered in patients with known malignancies other than 
successfully treated NMSC, or when considering continua-
tion of tofacitinib treatment in those patients who develop a 
malignancy.28

SUPPLEMENTARY DATA
Supplementary data is available at Inflammatory Bowel Dis-

eases online.
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