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BACKGROUND
Tofacitinib, an oral, small-molecule Janus kinase inhibitor, was shown to have potential 
efficacy as induction therapy for ulcerative colitis in a phase 2 trial. We further evalu-
ated the efficacy of tofacitinib as induction and maintenance therapy.

METHODS
We conducted three phase 3, randomized, double-blind, placebo-controlled trials of tofaci-
tinib therapy in adults with ulcerative colitis. In the OCTAVE Induction 1 and 2 trials, 
598 and 541 patients, respectively, who had moderately to severely active ulcerative colitis 
despite previous conventional therapy or therapy with a tumor necrosis factor antagonist 
were randomly assigned to receive induction therapy with tofacitinib (10 mg twice daily) 
or placebo for 8 weeks. The primary end point was remission at 8 weeks. In the OCTAVE 
Sustain trial, 593 patients who had a clinical response to induction therapy were ran-
domly assigned to receive maintenance therapy with tofacitinib (either 5 mg or 10 mg 
twice daily) or placebo for 52 weeks. The primary end point was remission at 52 weeks.

RESULTS
In the OCTAVE Induction 1 trial, remission at 8 weeks occurred in 18.5% of the patients 
in the tofacitinib group versus 8.2% in the placebo group (P = 0.007); in the OCTAVE 
Induction 2 trial, remission occurred in 16.6% versus 3.6% (P<0.001). In the OCTAVE 
Sustain trial, remission at 52 weeks occurred in 34.3% of the patients in the 5-mg 
tofacitinib group and 40.6% in the 10-mg tofacitinib group versus 11.1% in the placebo 
group (P<0.001 for both comparisons with placebo). In the OCTAVE Induction 1 and 2 
trials, the rates of overall infection and serious infection were higher with tofacitinib 
than with placebo. In the OCTAVE Sustain trial, the rate of serious infection was simi-
lar across the three treatment groups, and the rates of overall infection and herpes 
zoster infection were higher with tofacitinib than with placebo. Across all three trials, 
adjudicated nonmelanoma skin cancer occurred in five patients who received tofacitinib 
and in one who received placebo, and adjudicated cardiovascular events occurred in five 
who received tofacitinib and in none who received placebo; as compared with placebo, 
tofacitinib was associated with increased lipid levels.

CONCLUSIONS
In patients with moderately to severely active ulcerative colitis, tofacitinib was more ef-
fective as induction and maintenance therapy than placebo. (Funded by Pfizer; OCTAVE 
Induction 1, OCTAVE Induction 2, and OCTAVE Sustain ClinicalTrials.gov numbers, 
NCT01465763, NCT01458951, and NCT01458574, respectively.)
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Ulcerative colitis is characterized 
by an increased frequency of bowel move-
ments and bloody diarrhea, which has a 

negative effect on quality of life.1 Current thera-
pies for ulcerative colitis include mesalamine, 
glucocorticoids, thiopurines, and antagonists to 
tumor necrosis factor (TNF) and α4β7 integrin.1-5 
Many patients do not have a response to these 
therapies or have a response that is not sus-
tained. Additional treatment options with new 
mechanisms of action are needed to increase 
efficacy rates.

The Janus kinase (JAK) family comprises four 
intracellular tyrosine kinases — JAK1, JAK2, 
JAK3, and nonreceptor tyrosine-protein kinase 2 
— that activate signal transducers and activators 
of transcription (STATs) through autophosphor-
ylation.6,7 JAK-STAT pathways regulate signaling 
for multiple immune-relevant mediators, includ-
ing type I interferon, interferon-γ, and interleu-
kins 2, 4, 6, 7, 9, 12, 15, 21, 23, and 27,6,7 and 
they are implicated in the pathogenesis of in-
flammatory bowel diseases.8,9 Tofacitinib is an 
oral, small-molecule JAK inhibitor that is being 
investigated for the treatment of ulcerative colitis. 
Tofacitinib inhibits all JAKs but preferentially 
inhibits JAK1 and JAK3,10,11 and it was shown to 
have dose-dependent efficacy as induction ther-
apy for ulcerative colitis in a phase 2 trial.12 We 
report the results of three phase 3 trials, two 
investigating tofacitinib as induction therapy 
(OCTAVE Induction 1 and 2) and one investigat-
ing tofacitinib as maintenance therapy (OCTAVE 
Sustain) for ulcerative colitis.

Me thods

Trial Design and Oversight

From April 2012 through May 2016, we con-
ducted three multicenter, randomized, double-
blind, placebo-controlled trials: OCTAVE In-
duction 1, which was conducted at 144 sites 
worldwide; OCTAVE Induction 2, at 169 sites; 
and OCTAVE Sustain, at 297 sites. The trial pro-
tocols (available with the full text of this article 
at NEJM.org) were approved by the institutional 
review board or independent ethics committee at 
each participating center. All the patients pro-
vided written informed consent.

The trials were funded by Pfizer. Personnel 
from Pfizer designed the trials in conjunction 
with the principal academic investigators. A con-
tract research organization (ICON) collected the 

trial data, Pfizer analyzed the data, and all the 
authors jointly interpreted the data. The first and 
last authors wrote the first draft of the manu-
script, and all the authors contributed to subse-
quent drafts and made the decision to submit the 
manuscript for publication. The authors vouch 
for the veracity and completeness of the data and 
analyses and for the fidelity of the trial to the 
protocol. Editorial support was funded by Pfizer.

Patients

In the OCTAVE Induction 1 and 2 trials, patients 
were 18 years of age or older and had had a 
confirmed diagnosis of ulcerative colitis for at 
least 4 months. Patients had moderately to severe
ly active disease, which was defined as a Mayo 
score of 6 to 12, with a rectal bleeding subscore of 
1 to 3 and an endoscopic subscore of 2 or 3.13,14 
Scores on the Mayo scale range from 0 to 12, 
and scores on each of the four subscores range 
from 0 to 3, with higher scores indicating more 
severe disease. Eligibility for the trial was based 
on a centrally assessed Mayo endoscopic sub-
score. Exclusion criteria were the presence of 
clinical findings suggestive of Crohn’s disease, 
ulcerative colitis limited to the distal 15 cm of 
colon, clinical signs of fulminant colitis, toxic 
megacolon, or indeterminate, microscopic, ische
mic, or infectious colitis. Patients were required 
to have had treatment failure with or to have had 
unacceptable side effects from treatment with at 
least one of the following agents: oral or intra-
venous glucocorticoids, azathioprine, mercapto-
purine, infliximab, or adalimumab. Permitted 
concomitant medications for ulcerative colitis 
were oral aminosalicylates and oral glucocorti-
coids (at a maximum dose of 25 mg per day of 
prednisone or a prednisone equivalent), provided 
that the medications were administered at a sta-
ble dose throughout the induction trials; in the 
maintenance trial, tapering of glucocorticoids was 
mandatory. Prohibited concomitant therapies in-
cluded TNF antagonists, azathioprine, methotrex-
ate, and mercaptopurine. For further details about 
the selection criteria, see the Supplementary 
Appendix, available at NEJM.org.

Patients who completed the OCTAVE Induc-
tion 1 or 2 trial and had a clinical response dur-
ing the induction trial were eligible to participate 
in the OCTAVE Sustain trial (see Fig. S1 in the 
Supplementary Appendix). Clinical response was 
defined as a decrease from induction-trial base-
line in the total Mayo score of at least 3 points 
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and at least 30%, with an accompanying de-
crease in the rectal bleeding subscore of at least 
1 point or an absolute rectal bleeding subscore 
of 0 or 1. Definitions of end points that are 
based on the Mayo score are provided in Table S1 
in the Supplementary Appendix.13 Patients who 
met the criteria for treatment failure and re-
ceived rescue therapy (including surgery) were 
withdrawn.

Randomization and Treatments

In the OCTAVE Induction 1 and 2 trials, eligible 
patients were randomly assigned, in a 4:1 ratio, to 
receive induction therapy with oral tofacitinib at a 
dose of 10 mg twice daily or placebo for 8 weeks. 
The induction trials initially included groups that 
received tofacitinib at a dose of 15 mg twice 
daily, but Pfizer decided to discontinue further 
exploration of this dose. This decision was not 
based on any new safety data or a new interpre-
tation of the existing safety data generated across 
multiple indications, including ulcerative colitis; 
rather, it was based on feedback received from 
regulatory authorities for rheumatoid arthritis. 
The protocol was amended, and randomization 
to the 15-mg tofacitinib group was ceased after 
38 patients in the OCTAVE Induction 1 trial and 
18 patients in the OCTAVE Induction 2 trial had 
undergone randomization across three treatment 
groups. Patients who entered the OCTAVE Sus-
tain trial were randomly assigned again, in a 
1:1:1 ratio, to receive maintenance therapy with 
tofacitinib at a dose of 5 mg twice daily, tofaci-
tinib at a dose of 10 mg twice daily, or placebo 
for 52 weeks.

For the OCTAVE Induction 1 and 2 trials, dose 
selection was based on dose-response data with 
respect to clinical remission at 8 weeks in a 
phase 2, placebo-controlled trial that evaluated 
tofacitinib at doses of 0.5 mg, 3 mg, 10 mg, and 
15 mg twice daily in patients with ulcerative 
colitis; the largest treatment effects were seen 
with the 10-mg and 15-mg doses.12,15 For the 
OCTAVE Sustain trial, doses were selected to 
evaluate the efficacy of tofacitinib at the same 
dose evaluated in the induction trials (10 mg 
twice daily) and at a lower dose (5 mg twice daily).

Randomization was performed centrally with 
the use of a telerandomization system and was 
stratified in the OCTAVE Induction 1 and 2 trials 
according to previous treatment with TNF antago-
nists, glucocorticoid use at baseline, and geo-
graphic region and in the OCTAVE Sustain trial 

according to induction-trial group assignment 
and remission status at maintenance-trial entry.

Efficacy and Safety Evaluations

The total Mayo score was determined at baseline 
and at 8 weeks in the induction trials and at 24 
and 52 weeks in the maintenance trial. The par-
tial Mayo score (i.e., the total Mayo score exclud-
ing the endoscopic subscore, with scores ranging 
from 0 to 9 and higher scores indicating more 
severe disease) was determined at 0, 2, 4, and 
8 weeks in the induction trials and at 4, 8, 16, 
24, 32, 40, and 52 weeks in the maintenance 
trial. Mayo scores were calculated on the basis 
of centrally assessed endoscopic subscores. The 
score on the Inflammatory Bowel Disease Ques-
tionnaire (IBDQ, with scores ranging from 32 to 
224 and higher scores indicating better quality 
of life) was determined at 0, 4, and 8 weeks in 
the induction trials and at 8, 16, 24, 32, 40, and 
52 weeks in the maintenance trial. Efficacy data 
at 8 weeks in the induction trials were used as 
baseline data for the maintenance trial. Adverse 
events (which were classified with the use of the 
Medical Dictionary for Regulatory Activities), labora-
tory test results, and concomitant medications 
were recorded throughout all the trials. Oppor-
tunistic infections, cancers, and cardiovascular 
events were assessed by external adjudication 
committees. The plasma tofacitinib concentra-
tions before and after dose administration were 
measured with the use of a validated assay at 
2 and 8 weeks in the induction trials and at 8, 
24, and 52 weeks in the maintenance trial.

End Points

In the OCTAVE Induction 1 and 2 trials, the pri-
mary efficacy end point was remission (a total 
Mayo score of ≤2, with no subscore >1 and a 
rectal bleeding subscore of 0) at 8 weeks, and 
the key secondary end point was mucosal healing 
(a Mayo endoscopic subscore of ≤1) at 8 weeks. 
In the OCTAVE Sustain trial, the primary end 
point was remission at 52 weeks; key secondary 
end points were mucosal healing at 52 weeks 
and remission that was sustained (i.e., occurring 
at both 24 and 52 weeks) and glucocorticoid-free 
(i.e., occurring without the administration of glu-
cocorticoids for ≥4 weeks before the assessment) 
among patients who were in remission at main-
tenance-trial entry. A complete list of end points 
for the three trials is provided in the Supplemen-
tary Appendix.
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Statistical Analysis

Binary end points, including the primary efficacy 
end points in the three trials, were compared 
between the tofacitinib and placebo groups with 
the use of a stratified Cochran–Mantel–Haenszel 
chi-square test. Patients with missing data were 
considered as not having had a response. The 
family-wise type 1 error rate was controlled at 
0.05 for the primary and key secondary end 
points with the use of a fixed-sequence testing 
procedure in the induction trials and a sequential
ly rejective, Bonferroni-based, iterative multiple-
test procedure16 in the maintenance trial. In the 
induction trials, the change from baseline in the 
total Mayo score was analyzed with the use of an 
analysis of covariance model with observed case 
data. For other continuous end points, change 
from baseline was analyzed with the use of a 
linear mixed-effects model. The efficacy analy-
ses were based on data from all patients who 
underwent randomization. The safety analyses 
were based on data from all patients who under-
went randomization and received at least one 
dose of the assigned treatment. Both the efficacy 
and the safety analyses in the induction trials did 
not include data from patients who were assigned 
to receive tofacitinib at a dose of 15 mg; those 
data were analyzed separately.

For the OCTAVE Induction 1 and 2 trials, the 
sample size was estimated on the basis of the 
primary end point and the mucosal healing sec-
ondary end point. We calculated that a sample 
size of approximately 545 patients in each trial 
(436 patients assigned to receive tofacitinib and 
109 patients assigned to receive placebo) would 
provide the trials with 90% power to detect a 
difference of 17.5 percentage points between the 
tofacitinib groups and the placebo groups in the 
rates of the primary and key secondary end points, 
assuming rates in the placebo groups of 15% for 
the primary end point and 35% for the mucosal 
healing secondary end point. For the OCTAVE 
Sustain trial, the predicted sample size of 654 
patients was based on an assumed clinical re-
sponse rate of 65% in the tofacitinib groups 
and 40% in the placebo groups at 8 weeks in 
the induction trials. We calculated that a sam-
ple size of 654 patients (218 in each of the 
three treatment groups) would provide the trial 
with 90% power to detect a difference of 17.5 
percentage points between the tofacitinib groups 
and the placebo group in the rate of the primary 

end point, assuming a rate in the placebo group 
of 30%.

The average plasma tofacitinib concentration 
during a dosing interval was estimated with the 
use of a population pharmacokinetic model that 
included data on plasma tofacitinib concentration 
relative to time that were pooled from all induc-
tion and maintenance studies involving patients 
with ulcerative colitis. The distribution of indi-
vidualized average concentrations was compared 
between patients who were in remission and 
those who were not in remission with the use of 
box plots.

R esult s

Patient Characteristics

In the OCTAVE Induction 1 trial, 614 patients 
underwent randomization: 122 were assigned to 
receive placebo, 476 to receive tofacitinib at a dose 
of 10 mg twice daily, and 16 to receive tofacitinib 
at a dose of 15 mg twice daily. In the OCTAVE 
Induction 2 trial, 547 patients underwent random-
ization: 112 were assigned to receive placebo, 
429 to receive tofacitinib at a dose of 10 mg 
twice daily, and 6 to receive tofacitinib at a dose 
of 15 mg twice daily.

In the OCTAVE Sustain trial, 593 patients 
underwent randomization: 198 were assigned to 
receive placebo, 198 to receive tofacitinib at a 
dose of 5 mg twice daily, and 197 to receive 
tofacitinib at a dose of 10 mg twice daily. The 
majority (88%) of patients in the OCTAVE Sus-
tain trial had received tofacitinib during the 
induction trial, and 30% were in remission at 
maintenance-trial entry.

The baseline characteristics of the patients were 
similar across treatment groups in all the trials, 
except for sex in the OCTAVE Induction 2 trial 
and smoking status in the OCTAVE Sustain trial 
(Table 1, and Table S2 in the Supplementary Ap-
pendix). Details regarding the disposition of 
patients in each of the three trials are provided in 
Figures S2 and S3 in the Supplementary Appendix.

Efficacy
Primary End Point

In the OCTAVE Induction 1 trial, remission at 8 
weeks occurred in 18.5% of the patients (88 of 
476) in the 10-mg tofacitinib group versus 8.2% 
(10 of 122) in the placebo group (P = 0.007) — a 
difference of 10.3 percentage points (95% confi-
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dence interval [CI], 4.3 to 16.3). In the OCTAVE 
Induction 2 trial, remission at 8 weeks occurred 
in 16.6% of the patients (71 of 429) in the 10-mg 
tofacitinib group versus 3.6% (4 of 112) in the 
placebo group (P<0.001) — a difference of 13.0 
percentage points (95% CI, 8.1 to 17.9). In both 
trials, the treatment effect was similar between 
those who had received previous treatment with 
a TNF antagonist and those who had not (Fig. S4 
in the Supplementary Appendix). Results for the 
15-mg tofacitinib groups are shown in Table S3 
in the Supplementary Appendix.

In the OCTAVE Sustain trial, remission at 52 
weeks occurred in 34.3% of the patients (68 of 
198) in the 5-mg tofacitinib group and in 40.6% 
(80 of 197) in the 10-mg tofacitinib group, as 
compared with 11.1% (22 of 198) in the placebo 
group (P<0.001 for both comparisons with pla-
cebo) (Fig. 1, and Fig. S5 in the Supplementary 
Appendix). The difference between tofacitinib at 
a dose of 5 mg twice daily and placebo was 23.2 
percentage points (95% CI, 15.3 to 31.2), and the 
difference between tofacitinib at a dose of 10 mg 
twice daily and placebo was 29.5 percentage 
points (95% CI, 21.4 to 37.6).

Secondary End Points
In the OCTAVE Induction 1 and 2 trials, the key 
secondary end point of mucosal healing at 8 weeks 
occurred in significantly more patients in the 
10-mg tofacitinib groups than in the placebo 
groups (Fig. 1 and Table 2). The treatment effect 
was similar between those who had received 
previous treatment with a TNF antagonist and 
those who had not (Fig. S6 in the Supplementary 
Appendix).

In the OCTAVE Sustain trial, mucosal healing 
at 52 weeks occurred in significantly more pa-
tients in the 5-mg tofacitinib group (37.4% of 
patients [74 of 198]) and in the 10-mg tofacitinib 
group (45.7% [90 of 197]) than in the placebo 
group (13.1% [26 of 198]) (P<0.001 for both com-
parisons) (Fig. 1). Among patients who were in 
remission at maintenance-trial entry, sustained 
and glucocorticoid-free remission occurred in 
35.4% (23 of 65) in the 5-mg tofacitinib group 
and in 47.3% (26 of 55) in the 10-mg tofacitinib 
group versus 5.1% (3 of 59) in the placebo group 
(P<0.001 for both comparisons) (Table 3). Details 
about additional secondary end points in the 
OCTAVE Sustain trial are provided in Table S4 in 
the Supplementary Appendix.

In the OCTAVE Induction 1 and 2 trials, im-

provement from baseline in the partial Mayo 
score was significantly greater in the 10-mg tofaci
tinib groups than in the placebo groups at all 
scheduled visits and as early as week 2 (the first 
assessment of the partial Mayo score after the 
baseline assessment) (P<0.001 for all compari-
sons) (Fig. S7 in the Supplementary Appendix). 
In the OCTAVE Sustain trial, improvement from 
maintenance-trial baseline in the partial Mayo 
score was significantly greater in both tofacitinib 
groups than in the placebo group at all study 
visits (P<0.001 for all comparisons). Data on the 
mean change from baseline in the C-reactive 
protein level in all three trials are shown in Fig-
ure S8 in the Supplementary Appendix. The ma-
jority of the decrease from baseline in C-reactive 
protein level had occurred by week 4 (the first 
assessment of C-reactive protein level after the 
baseline assessment) in both induction trials.

Patient-Reported End Points
The mean IBDQ total scores at baseline were 
between 118 and 125 in the induction trials and 
between 181 and 182 in the maintenance trial. 
The proportion of patients with an IBDQ score 
indicative of remission (i.e., a score of ≥170) and 
the proportion of patients with an IBDQ score 
indicative of a treatment response (i.e., a score 
≥16 points higher than the baseline score in the 
induction trial) were significantly larger with 
tofacitinib than with placebo at weeks 4 and 8 in 
both induction trials (P≤0.004 for all compari-
sons) (Table 2) and at all visits in the mainte-
nance trial (P<0.001 for all comparisons) (Table 3, 
and Table S4 in the Supplementary Appendix).

Pharmacokinetics
The estimated mean oral clearance of tofacitinib 
was 26.3 liters per hour, and the estimated mean 
oral volume of distribution of tofacitinib was 
115.8 liters. The half-life of tofacitinib was 3 hours. 
There was no clinically meaningful effect of age, 
sex, body weight, or disease severity at baseline 
(i.e., baseline albumin level and Mayo score) on 
tofacitinib oral clearance and thus on the average 
plasma tofacitinib concentration (which is inverse-
ly proportional to clearance). The oral clearance 
of tofacitinib, and thus the average concentra-
tion at a given dose in individual patients, did not 
change significantly during the course of induc-
tion and maintenance treatment. The average 
concentration after a dose was administered was 
similar between patients who were in remission 
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and those who were not in remission at 8 weeks 
(in the induction trials) and at 52 weeks (in the 
maintenance trial) (Fig. S9 in the Supplementary 
Appendix). No subgroup of patients had loss of 
efficacy due to a decrease in the average concen-
tration during treatment. In the maintenance 
trial, the average concentration increased pro-
portionately with the dose.

Safety

In the OCTAVE Induction 1 trial, adverse events 
occurred in 56.5% of the patients (269 of 476) in 
the 10-mg tofacitinib group and in 59.8% (73 of 
122) in the placebo group. The corresponding 
percentages in the OCTAVE Induction 2 trial were 

54.1% (232 of 429) and 52.7% (59 of 112). Safety 
data for the 15-mg tofacitinib groups are shown 
in Table S5 in the Supplementary Appendix.

In the OCTAVE Sustain trial, adverse events 
occurred in 72.2% of the patients (143 of 198) in 
the 5-mg tofacitinib group, 79.6% (156 of 196) 
in the 10-mg tofacitinib group, and 75.3% (149 of 
198) in the placebo group. The most frequently 
reported adverse events in any treatment group 
in the maintenance trial (excluding worsening 
ulcerative colitis) were nasopharyngitis, arthral-
gia, and headache (Table 4).

In the OCTAVE Induction 1 trial, serious ad-
verse events occurred in 3.4% of the patients in 
the 10-mg tofacitinib group and in 4.1% in the 

Figure 1. Primary and Key Secondary End Points.

Panel A shows the rate of remission (primary end point) and Panel B shows the rate of mucosal healing (key second­
ary end point) at 8 weeks among patients who received tofacitinib at a dose of 10 mg twice daily and those who re­
ceived placebo (in the OCTAVE Induction 1 and 2 trials) and at 52 weeks among patients who received tofacitinib  
at a dose of 5 mg twice daily, those who received tofacitinib at a dose of 10 mg twice daily, and those who received 
placebo (in the OCTAVE Sustain trial).
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placebo group. The corresponding percentages 
in the OCTAVE Induction 2 trial were 4.2% and 
8.0%. In the OCTAVE Sustain trial, serious ad-
verse events occurred in 5.1% of the patients in 
the 5-mg tofacitinib group, 5.6% in the 10-mg 
tofacitinib group, and 6.6% in the placebo group 
(Table 4).

In the OCTAVE Induction 1 and 2 trials, the 
proportion of patients who discontinued treat-
ment because of adverse events was similar in 
the placebo groups and the tofacitinib groups. 
In the OCTAVE Sustain trial, the proportion was 
larger in the placebo group than in the tofaci-
tinib groups.

In the OCTAVE Induction 1 and 2 trials, the 
percentages of patients with infections of any 
severity were higher in the 10-mg tofacitinib 
groups (23.3% and 18.2%, respectively) than in 
the placebo groups (15.6% and 15.2%). In the 
OCTAVE Sustain trial, infections occurred in 
35.9% of the patients in the 5-mg tofacitinib 
group, 39.8% in the 10-mg tofacitinib group, and 
24.2% in the placebo group (Table  4). In all 
three trials, the majority of infections were mild 
or moderate in severity. In the OCTAVE Induc-
tion 1 and 2 trials, serious infections occurred in 
6 patients (1.3%) and 1 patient (0.2%), respective-
ly, in the 10-mg tofacitinib groups and in no pa-
tients in the placebo groups. In the OCTAVE Sus-
tain trial, serious infections occurred in 2 patients 
(1.0%) in the 5-mg tofacitinib group, 1 (0.5%) in 
the 10-mg tofacitinib group, and 2 (1.0%) in the 
placebo group. In the OCTAVE Induction 1 and 
2 trials, herpes zoster infection occurred in 3 pa-
tients (0.6%) and 2 patients (0.5%), respectively, 
in the 10-mg tofacitinib groups and in 1 (0.8%) 
patient and no patients in the placebo groups. In 
the OCTAVE Sustain trial, herpes zoster infec-
tion occurred in 3 patients (1.5%) in the 5-mg 
tofacitinib group, 10 (5.1%) in the 10-mg tofaci-
tinib group, and 1 (0.5%) in the placebo group. 
No cases of herpes zoster infection were serious 
adverse events or resulted in discontinuation; 
most affected one dermatome or two adjacent 
dermatomes (Table S7 in the Supplementary Ap-
pendix). One patient in the 10-mg tofacitinib 
group in the OCTAVE Induction 2 trial had cyto-
megalovirus colitis (see Section 6 in the Supple-
mentary Appendix). No cases of tuberculosis were 
reported in the three trials.

In the OCTAVE Induction 1 trial, 1 patient in 
the 10-mg tofacitinib group had a serious adverse 

event of intestinal perforation. The patient had had 
cytomegalovirus colitis approximately 3 months 
before the start of the trial and had been receiv-
ing concomitant therapy with oral prednisone 
(20 mg daily) at baseline. The patient underwent 
colectomy and had a perforation in the descend-
ing colon, which had been affected by colitis. In 
the OCTAVE Induction 2 trial, 1 patient in the 
placebo group had a serious adverse event of in-
testinal perforation. No patients in the OCTAVE 
Sustain trial had adverse events of intestinal per-
foration. For further details, see the Supplemen-
tary Appendix.

In the induction trials, nonmelanoma skin 
cancers occurred in 2 patients: 1 patient in the 
10-mg tofacitinib group in the OCTAVE Induc-
tion 1 trial who had a history of nonmelanoma 
skin cancer received a diagnosis of squamous-
cell carcinoma of the skin, and 1 patient in the 
10-mg tofacitinib group in the OCTAVE Induc-
tion 2 trial received a diagnosis of basal-cell 
carcinoma of the skin. In the OCTAVE Sustain 
trial, nonmelanoma skin cancers occurred in 
4  patients: 3 patients in the 10-mg tofacitinib 
group who had a history of nonmelanoma skin 
cancer received a diagnosis of squamous-cell 
carcinoma (2) or basal-cell carcinoma (1), and 
1 patient in the placebo group received a diagno-
sis of basal-cell carcinoma. All the patients with 
nonmelanoma skin cancer had previous expo-
sure to thiopurines. No patients in the induction 
trials had cancer other than nonmelanoma skin 
cancer. One patient in the OCTAVE Sustain trial 
had invasive ductal breast carcinoma; this patient 
received placebo during both the induction trial 
and the maintenance trial. A list of neoplasms 
that occurred during the trials is provided in 
Table S8 in the Supplementary Appendix.

Across all three trials, 5 patients who received 
tofacitinib had adjudicated cardiovascular events. 
A list of cardiac disorders that occurred during 
the trials is provided in Table S9 in the Supple-
mentary Appendix. One patient in the 10-mg 
tofacitinib group in the OCTAVE Induction 1 trial 
died from aortic dissection. For further details 
about adverse events, see the Supplementary Ap-
pendix.

In the induction and maintenance trials, the 
proportion of patients with abnormal lipid and 
creatine kinase levels was generally larger in the 
tofacitinib groups than in the placebo groups 
(Table  4). Across the three trials, lipid levels 

The New England Journal of Medicine 
Downloaded from nejm.org at UNIVERSITAT DE BARCELONA CRAI on April 22, 2022. For personal use only. No other uses without permission. 

 Copyright © 2017 Massachusetts Medical Society. All rights reserved. 



n engl j med 376;18  nejm.org  May 4, 2017 1733

Tofacitinib for Ulcer ative Colitis

Ta
bl

e 
4.

 S
af

et
y 

O
ut

co
m

es
 a

t 8
 W

ee
ks

 in
 th

e 
O

C
TA

V
E 

In
du

ct
io

n 
1 

an
d 

2 
Tr

ia
ls

 a
nd

 a
t 5

2 
W

ee
ks

 in
 th

e 
O

C
TA

V
E 

Su
st

ai
n 

Tr
ia

l.*

En
d 

Po
in

t
O

C
TA

V
E 

In
du

ct
io

n 
1

O
C

TA
V

E 
In

du
ct

io
n 

2
O

C
TA

V
E 

Su
st

ai
n

Pl
ac

eb
o 

(N
 =

 1
22

)
To

fa
ci

tin
ib

, 1
0 

m
g 

(N
 =

 4
76

)
Pl

ac
eb

o 
(N

 =
 1

12
)

To
fa

ci
tin

ib
, 1

0 
m

g 
(N

 =
 4

29
)

Pl
ac

eb
o 

(N
 =

 1
98

)
To

fa
ci

tin
ib

, 5
 m

g 
(N

 =
 1

98
)

To
fa

ci
tin

ib
, 1

0 
m

g 
(N

 =
 1

96
)

A
dv

er
se

 e
ve

nt
s 

—
 n

o.
 (

%
)

73
 (

59
.8

)
26

9 
(5

6.
5)

59
 (

52
.7

)
23

2 
(5

4.
1)

14
9 

(7
5.

3)
14

3 
(7

2.
2)

15
6 

(7
9.

6)

Se
ri

ou
s 

ad
ve

rs
e 

ev
en

ts
 —

 n
o.

 (
%

)
5 

(4
.1

)
16

 (
3.

4)
9 

(8
.0

)
18

 (
4.

2)
13

 (
6.

6)
10

 (
5.

1)
11

 (
5.

6)

M
os

t f
re

qu
en

t a
dv

er
se

 e
ve

nt
s 

—
 n

o.
 (

%
)†

W
or

se
ni

ng
 u

lc
er

at
iv

e 
co

lit
is

5 
(4

.1
)

11
 (

2.
3)

6 
(5

.4
)

13
 (

3.
0)

71
 (

35
.9

)
36

 (
18

.2
)

29
 (

14
.8

)

N
as

op
ha

ry
ng

iti
s

9 
(7

.4
)

34
 (

7.
1)

4 
(3

.6
)

21
 (

4.
9)

11
 (

5.
6)

19
 (

9.
6)

27
 (

13
.8

)

A
rt

hr
al

gi
a

6 
(4

.9
)

14
 (

2.
9)

6 
(5

.4
)

11
 (

2.
6)

19
 (

9.
6)

17
 (

8.
6)

17
 (

8.
7)

H
ea

da
ch

e
8 

(6
.6

)
37

 (
7.

8)
9 

(8
.0

)
33

 (
7.

7)
12

 (
6.

1)
17

 (
8.

6)
6 

(3
.1

)

In
fe

ct
io

ns
 —

 n
o.

 (
%

)

A
ny

 in
fe

ct
io

n
19

 (
15

.6
)

11
1 

(2
3.

3)
17

 (
15

.2
)

78
 (

18
.2

)
48

 (
24

.2
)

71
 (

35
.9

)
78

 (
39

.8
)

Se
ri

ou
s 

in
fe

ct
io

n‡
0

6 
(1

.3
)

0
1 

(0
.2

)
2 

(1
.0

)
2 

(1
.0

)
1 

(0
.5

)

H
er

pe
s 

zo
st

er
1 

(0
.8

)
3 

(0
.6

)
0

2 
(0

.5
)

1 
(0

.5
)

3 
(1

.5
)

10
 (

5.
1)

A
dv

er
se

 e
ve

nt
s 

of
 s

pe
ci

al
 in

te
re

st
 —

 n
o.

In
te

st
in

al
 p

er
fo

ra
tio

n§
0

1
1

0
0

0
0

C
an

ce
r 

ot
he

r 
th

an
 n

on
m

el
an

om
a 

sk
in

 c
an

ce
r¶

0
0

0
0

1‖
0

0

N
on

m
el

an
om

a 
sk

in
 c

an
ce

r¶
0

1
0

1
1

0
3

C
ar

di
ov

as
cu

la
r 

ev
en

ts
¶

0
2

0
2

0
1

1

A
dv

er
se

 e
ve

nt
s 

le
ad

in
g 

to
 d

is
co

nt
in

ua
tio

n 
—

 n
o.

 (
%

)*
*

2 
(1

.6
)

18
 (

3.
8)

8 
(7

.1
)

17
 (

4.
0)

37
 (

18
.7

)
18

 (
9.

1)
19

 (
9.

7)

A
bn

or
m

al
 la

bo
ra

to
ry

 te
st

 r
es

ul
ts

 —
 n

o.
/t

ot
al

 n
o.

 (
%

)†
†

To
ta

l c
ho

le
st

er
ol

 >
1.

3×
 U

LN
11

/1
22

 (
9.

0)
80

/4
71

 (
17

.0
)

6/
11

1 
(5

.4
)

73
/4

24
 (

17
.2

)
16

/1
98

 (
8.

1)
54

/1
98

 (
27

.3
)

44
/1

95
 (

22
.6

)

Lo
w

-d
en

si
ty

 li
po

pr
ot

ei
n 

>1
.2

× 
U

LN
11

/1
22

 (
9.

0)
91

/4
71

 (
19

.3
)

12
/1

11
 (

10
.8

)
92

/4
24

 (
21

.7
)

37
/1

98
 (

18
.7

)
62

/1
98

 (
31

.3
)

55
/1

95
 (

28
.2

)

H
ig

h-
de

ns
ity

 li
po

pr
ot

ei
n 

<0
.8

× 
LL

N
2/

12
2 

(1
.6

)
6/

47
1 

(1
.3

)
1/

11
1 

(0
.9

)
7/

42
4 

(1
.7

)
12

/1
98

 (
6.

1)
9/

19
8 

(4
.5

)
3/

19
5 

(1
.5

)

Tr
ig

ly
ce

ri
de

s 
>1

.3
× 

U
LN

1/
12

2 
(0

.8
)

15
/4

71
 (

3.
2)

2/
11

1 
(1

.8
)

12
/4

24
 (

2.
8)

7/
19

8 
(3

.5
)

9/
19

8 
(4

.5
)

15
/1

95
 (

7.
7)

C
re

at
in

e 
ki

na
se

 >
2×

 U
LN

2/
12

2 
(1

.6
)

45
/4

74
 (

9.
5)

10
/1

12
 (

8.
9)

40
/4

25
 (

9.
4)

14
/1

98
 (

7.
1)

37
/1

98
 (

18
.7

)
54

/1
95

 (
27

.7
)

A
dd

iti
on

 o
r 

in
cr

ea
se

 in
 d

os
e 

of
 li

pi
d-

lo
w

er
in

g 
ag

en
t —

 n
o.

 (
%

)
0

4 
(0

.8
)

1 
(0

.9
)

2 
(0

.5
)

3 
(1

.5
)

2 
(1

.0
)

8 
(4

.1
)

*	�
LL

N
 d

en
ot

es
 lo

w
er

 li
m

it 
of

 t
he

 n
or

m
al

 r
an

ge
, a

nd
 U

LN
 u

pp
er

 li
m

it 
of

 t
he

 n
or

m
al

 r
an

ge
.

†
	�

Th
e 

ra
te

s 
of

 t
he

 fo
ur

 m
os

t 
fr

eq
ue

nt
 a

dv
er

se
 e

ve
nt

s 
oc

cu
rr

in
g 

in
 t

he
 O

C
TA

V
E 

Su
st

ai
n 

tr
ia

l a
re

 li
st

ed
 fo

r 
al

l t
hr

ee
 t

ri
al

s.
‡

	�
A

 li
st

 o
f s

er
io

us
 in

fe
ct

io
ns

 t
ha

t 
oc

cu
rr

ed
 d

ur
in

g 
th

e 
tr

ia
ls

 is
 p

ro
vi

de
d 

in
 T

ab
le

 S
6 

in
 t

he
 S

up
pl

em
en

ta
ry

 A
pp

en
di

x.
§	�

Th
es

e 
ev

en
ts

 w
er

e 
de

te
rm

in
ed

 o
n 

th
e 

ba
si

s 
of

 t
he

 M
ed

ic
al

 D
ic

tio
na

ry
 fo

r 
R

eg
ul

at
or

y 
A

ct
iv

iti
es

 p
re

fe
rr

ed
 t

er
m

.
¶

	�
Th

es
e 

ev
en

ts
 w

er
e 

de
te

rm
in

ed
 o

n 
th

e 
ba

si
s 

of
 e

xt
er

na
l a

dj
ud

ic
at

io
n.

‖	�
Th

e 
ca

nc
er

 w
as

 in
va

si
ve

 d
uc

ta
l b

re
as

t 
ca

rc
in

om
a.

**
	�T

he
se

 d
at

a 
in

cl
ud

e 
pa

tie
nt

s 
w

ho
 d

is
co

nt
in

ue
d 

tr
ea

tm
en

t 
be

ca
us

e 
of

 w
or

se
ni

ng
 u

lc
er

at
iv

e 
co

lit
is

.
†

†
	�L

ab
or

at
or

y 
da

ta
 w

er
e 

m
is

si
ng

 fo
r 

so
m

e 
pa

tie
nt

s.

The New England Journal of Medicine 
Downloaded from nejm.org at UNIVERSITAT DE BARCELONA CRAI on April 22, 2022. For personal use only. No other uses without permission. 

 Copyright © 2017 Massachusetts Medical Society. All rights reserved. 



n engl j med 376;18  nejm.org  May 4, 20171734

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

(total cholesterol, low-density lipoprotein, and 
high-density lipoprotein) increased with tofaci-
tinib, and the increase plateaued after approxi-
mately 4 weeks (Table S10 in the Supplementary 
Appendix). There were no reported cases of my-
opathy or rhabdomyolysis associated with the 
elevated creatine kinase levels among patients 
who received tofacitinib. Across the three trials, 
2 patients who received tofacitinib (both in the 
induction trials) had absolute lymphocyte counts 
of less than 500 per cubic millimeter that were 
confirmed by two sequential measurements; both 
patients had low absolute lymphocyte counts at 
baseline (640 and 650 per cubic millimeter).

Discussion

In two identical phase 3 trials of induction ther
apy with tofacitinib in patients with moderately 
to severely active ulcerative colitis, the rates of 
remission at 8 weeks were significantly higher 
among those who received oral tofacitinib at a 
dose of 10 mg twice daily than among those 
who received placebo. The rates of mucosal heal-
ing and clinical response at 8 weeks were signifi-
cantly higher and improvements in health-related 
quality of life were significantly greater with 
tofacitinib than with placebo. The onset of ac-
tion was rapid, with significant improvement in 
the partial Mayo score observed at 2 weeks (the 
first assessment of the partial Mayo score after 
the baseline assessment). In a third phase 3 trial, 
which evaluated maintenance therapy with tofaci-
tinib, efficacy with respect to these end points 
was maintained at 52 weeks with tofacitinib at a 
dose of either 5 mg or 10 mg twice daily. Treat-
ment effect was significantly greater with tofaci-
tinib at either dose than with placebo for all 
primary and secondary end points in the main-
tenance trial.

The OCTAVE trials incorporated a more strin-
gent definition of remission (with the additional 
requirement of a rectal bleeding subscore of 0) 
than the definition used in previous trials of 
treatments for ulcerative colitis, such as the 
GEMINI 1 trial.3 Furthermore, efficacy analyses 
in the OCTAVE trials were based on a centrally 
assessed Mayo endoscopic subscore. Analyses in 
prespecified subgroups, including subgroups de-
fined according to previous treatment with TNF 
antagonists and treatment failure with TNF an-

tagonists, showed a generally consistent treat-
ment effect across most patient populations.

Tofacitinib is a nonbiologic small-molecule 
agent that is rapidly absorbed after oral adminis-
tration of the immediate-release tablet. Pharma-
cokinetic results in the OCTAVE trials did not 
indicate a decrease in plasma tofacitinib concen-
trations during the course of treatment at any 
given dose in individual patients; these results 
are consistent with the previously established 
physicochemical characteristics and clearance 
mechanisms of tofacitinib.17-19 In contrast, bio-
logic therapies that are currently used for inflam-
matory bowel disease are susceptible to loss of 
exposure due to a high level of disease activity or 
immunogenicity and may warrant therapeutic 
drug monitoring.20

Among patients with rheumatoid arthritis or 
psoriasis,21-25 tofacitinib has been associated with 
an increased risk of infections, including herpes 
zoster. In the OCTAVE trials, infections occurred 
at higher rates with tofacitinib than with placebo. 
The rate of serious infection was higher with 
tofacitinib in the induction trials but similar 
across treatment groups in the maintenance trial. 
A numerically higher rate of herpes zoster infec-
tion was observed in the 10-mg tofacitinib group 
than in the placebo group or the 5-mg tofaci-
tinib group. Most cases of herpes zoster affected 
one dermatome or two adjacent dermatomes, 
and none led to discontinuation; these findings 
are consistent with findings seen with the use of 
tofacitinib for indications other than ulcerative 
colitis.21-25

Three patients who received tofacitinib in the 
induction trials and 1 patient in each tofacitinib 
group in the maintenance trial had adjudicated 
cardiovascular events. The size and duration of 
these trials limits the interpretation of these 
results. Among patients with rheumatoid arthri-
tis or psoriasis,21-25 tofacitinib has been associated 
with increases in certain lipid levels without an 
increased risk of cardiovascular events, a finding 
that is based on clinical-trial data from more than 
6000 patients and more than 20,000 patient-years 
of tofacitinib exposure accumulated over a period 
of more than 8 years.

Gastrointestinal perforations have been ob-
served with tofacitinib among patients with rheu-
matoid arthritis,21-25 although the role of JAK 
inhibition in these events is unknown. Across 
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the OCTAVE trials, one intestinal perforation oc-
curred with tofacitinib. More cases of nonmela-
noma skin cancer occurred with tofacitinib than 
with placebo across the OCTAVE trials, a finding 
consistent with the potential for nonmelanoma 
skin cancer observed with the use of tofacitinib 
for other indications.21-25

The short duration of follow-up in the induc-
tion trials limited the ability to detect adverse 
events with low occurrence rates (particularly 
with placebo because of the randomization ratio 
of 4:1) and to evaluate the effect of induction 
therapy beyond 8 weeks. In the maintenance trial, 
efficacy and safety were evaluated over a period 
of 52 weeks among patients who had a clinical 
response during the induction trials, but data from 
the ongoing open-label extension trial (OCTAVE 
Open; ClinicalTrials.gov number, NCT01470612) 
of tofacitinib for the treatment of ulcerative coli-

tis may further elucidate the long-term safety 
profile of tofacitinib. The risks of tofacitinib be-
yond 1 year among patients with ulcerative colitis 
are unknown.

In conclusion, among patients with moderate
ly to severely active ulcerative colitis, therapy with 
tofacitinib at a dose of 10 mg twice daily was 
more effective than placebo for induction of re-
mission and mucosal healing. Maintenance ther-
apy with tofacitinib at a dose of either 5 mg or 
10 mg twice daily was more effective than place-
bo in sustaining remission and mucosal healing.
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