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Background: In patients with ulcerative colitis (UC), risks of infection and malignancies increase with age. Tofacitinib is an oral, small molecule 
Janus kinase inhibitor for the treatment of UC. This analysis assessed age as a risk factor for adverse events of special interest (AESI) in the 
tofacitinib UC clinical program.
Methods: Data were from phase 2 and 3 induction studies, a phase 3 maintenance study, and an open-label, long-term extension study. Efficacy 
and/or safety outcomes were analyzed in the Induction, Maintenance, and Overall Cohorts (patients who received ≥ 1 dose of tofacitinib), strat-
ified by age. The effects of baseline demographic and disease-related factors on AESI incidence were assessed by Cox proportional-hazards 
regression analysis.
Results: In the Overall Cohort (1157 patients with ≤ 6.8 years’ tofacitinib treatment), age was a statistically significant predictor of herpes zoster 
(HZ), malignancies excluding nonmelanoma skin cancer (NMSC), and NMSC. Other statistically significant predictors included prior tumor ne-
crosis factor inhibitor failure for HZ, NMSC, and opportunistic infection events, and prior duration of UC for malignancies excluding NMSC. In the 
Induction and Maintenance Cohorts, a higher proportion of tofacitinib-treated than placebo-treated patients (numerical difference) achieved the 
efficacy endpoints (endoscopic improvement, clinical remission, clinical response) across all age groups.
Conclusions: Older individuals receiving tofacitinib as induction and maintenance therapy to treat UC may have an increased risk of HZ, 
malignancies (excluding NMSC), and NMSC versus similarly treated younger patients, consistent with findings from the general population. 
Across all age groups, tofacitinib demonstrated greater efficacy than placebo as an induction and maintenance therapy.
ClinicalTrials.gov Registration Numbers: NCT00787202; NCT01465763; NCT01458951; NCT01458574; NCT01470612.

Lay Summary 
Age was assessed as a risk factor for adverse events of special interest in the tofacitinib ulcerative colitis clinical program. Older individuals 
receiving tofacitinib may have an increased risk of herpes zoster, malignancies (excluding nonmelanoma skin cancer), and nonmelanoma skin 
cancer versus similarly treated younger patients.
Key Words: age, clinical response, safety, tofacitinib, ulcerative colitis

Ulcerative colitis (UC) is a long-term disease that causes in-
flammation of the colonic tissue that affects individuals at any 
age, although onset is typically observed between the ages of 
15 and 30.1,2 Previous studies in patients with inflammatory 
bowel disease (IBD), and in the general population, have 
suggested that an increased risk of serious infections, oppor-
tunistic infections, herpes zoster, and malignancies (including 

nonmelanoma skin cancer [NMSC]) may be linked with older 
age.3–11 Some commonly used treatments for IBD have also 
been correlated with a heightened risk of infections. For ex-
ample, corticosteroid use has been correlated with a higher 
infection risk in patients with elderly-onset IBD,12,13 although 
rates seen in older patients were similar to those in younger 
patients, regardless of corticosteroid use.12 Corticosteroids 

© 2022 Crohn’s & Colitis Foundation. Published by Oxford University Press on behalf of Crohn’s & Colitis Foundation.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (https://creativecommons.org/
licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the original work is properly cited.  
For commercial re-use, please contact journals.permissions@oup.com

Received for publication: October 6, 2021. Editorial Decision: February 4, 2022

mailto:Gary.Lichtenstein@Pennmedicine.Upenn.edu?subject=
https://creativecommons.org/licenses/by-nc/4.0/
https://creativecommons.org/licenses/by-nc/4.0/


28 Lichtenstein et al

have also been shown to inflate the risk of malignancy in 
older patients with IBD.6 Among patients with IBD treated 
with tumor necrosis factor inhibitors (TNFi), those aged > 65 
years were found to have an increased rate of severe 
infections compared with younger patients or patients of a 
similar age who did not receive TNFi.14 The serious infection 
risk in patients with IBD has also been shown to be greater 
for patients treated with TNFi monotherapy, compared to 
thiopurine monotherapy, and the risk of serious infections 
or opportunistic infections was raised in those treated with 
TNFi and thiopurine combination therapy, compared to TNFi 
monotherapy; in both cases, the incidence of infections was 
greater in patients aged ≥ 65 years than in younger patients.15 
Corticosteroid and TNFi use has also been shown to increase 
the risk of herpes zoster in IBD patients with UC.16

Tofacitinib is an oral small molecule Janus kinase inhibitor 
for the treatment of UC. The efficacy and safety of tofacitinib 
at 10 mg twice daily (BID) in patients with moderately to se-
verely active UC has been demonstrated as induction therapy 
in 1 phase 2 and 2 phase 3 trials of 8 weeks’ duration.17,18 
Tofacitinib at both 5 and 10 mg BID were investigated fur-
ther in a phase 3 maintenance trial of 52 weeks’ duration18 
and an additional open-label, long-term extension (OLE) 
study.19

A previous analysis of data from the tofacitinib UC clin-
ical program showed higher rates of adverse events (AEs), in-
cluding AEs of special interest (AESI; opportunistic infections, 
herpes zoster, malignancy, and major adverse cardiovas-
cular events [MACE]), in patients aged > 65 years with UC, 
compared with younger patients, regardless of whether they 
received treatment with tofacitinib or placebo.20

The current analysis of data from patients enrolled in the 
tofacitinib UC clinical program further examines the effects 
of age on safety outcomes in patients with UC, up to a max-
imum of 6.8 years of treatment, as well as efficacy from phase 
3 induction and maintenance pivotal studies.

Materials and Methods
Study Design and Patients
Data from an 8-week, phase 2 induction study 
(NCT00787202)17; 3 phase 3, randomized, placebo-
controlled studies (Oral Clinical Trials for tofAcitinib in ul-
ceratiVE colitis [OCTAVE] Induction 1 [NCT01465763]; 
OCTAVE Induction 2 [NCT01458951]; and OCTAVE 
Sustain, [NCT01458574])18; and an OLE study (OCTAVE 
Open [NCT01470612])21 in patients with moderately to se-
verely active UC were included.

The study designs and patient inclusion or exclusion 
criteria for all studies in the tofacitinib UC clinical pro-
gram have been described previously.17,18,21 Briefly, patients 
aged ≥ 18 years with moderately to severely active UC (de-
fined as a total Mayo score of 6–12, with a rectal bleeding 
subscore of 1–3 and an endoscopic subscore of 2 or 3) 
for ≥ 3 months (phase 2) or ≥ 4 months (phase 3; OCTAVE 
Induction 1 and 2), were eligible for inclusion.17,18 Patients 
who achieved clinical response in the 8-week OCTAVE 
Induction 1 and 2 induction studies were eligible for inclu-
sion in the 52-week OCTAVE Sustain maintenance study. 
Patients who were nonresponders in OCTAVE Induction 1 
and 2, and those who completed or were treatment failures 
in OCTAVE Sustain, were eligible for inclusion in the OLE 

study (OCTAVE Open; data as of May 2019; database not 
locked; Figure 1).21

Full details of permitted and prohibited concomitant 
medications, and corticosteroid tapering, in the phase 2 and 
phase 3 studies are provided in the Supplementary Appendix. 
In brief, patients were allowed concomitant treatment with 
oral 5-aminosalicylates or sulfasalazine (provided the dose 
did not change in the induction and maintenance studies; 
dose modifications were permitted during OCTAVE Open). 
Oral corticosteroids were permitted in the phase 2 induction 
study (up to 30 mg/day prednisolone or equivalent; decrease 
of the corticosteroid dose due to tapering was permitted).

Patients were permitted concomitant treatment with oral 
corticosteroids in OCTAVE Induction 1 or 2 (up to 25 mg/
day prednisone or equivalent; stable dose for ≥ 2 weeks prior 
to baseline); corticosteroid tapering was compulsory from 
baseline of OCTAVE Sustain and OCTAVE Open.

Patients in the Induction, Maintenance, and Overall 
Cohorts were included in these analyses of the effects of age 
on efficacy and safety outcomes. The Induction Cohort in-
cluded patients who received placebo or tofacitinib 10  mg 
twice daily (BID) for 8 weeks in the phase 2 induction study 
or the OCTAVE Induction 1 and 2 studies. The Maintenance 
Cohort included patients who received placebo, tofacitinib 
5 mg BID, or tofacitinib 10 mg BID in OCTAVE Sustain. The 
Overall Cohort included all patients who received ≥ 1 dose of 
tofacitinib 5 or 10 mg BID in the above-mentioned studies, or 
OCTAVE Open.

AEs and Adjudication
AESI in the Overall Cohort included serious infections 
(infections that met serious AE [SAE] reporting criteria), op-
portunistic infections, all herpes zoster (nonserious and se-
rious), malignancies (excluding NMSC), NMSC, MACE, 
gastrointestinal (GI) perforations, deep vein thrombosis 
(DVT), pulmonary embolism (PE), and deaths.

Independent, external, blinded adjudication committees 
reviewed all potential opportunistic infections (including 
viral, bacterial, fungal, and parasitic infections), malignancies, 
cardiovascular events (including MACE), and GI perforation 
events in the phase 3 studies, in order to identify AESI using 
prespecified, consistent criteria. Adjudication of AESI in the 
tofacitinib UC clinical program has been described previ-
ously.22 AESI were not adjudicated in the phase 2 induction 
study.

Herpes zoster (including both nonserious and serious 
AEs) opportunistic infections included multidermatomal 
(nonadjacent or > 2 adjacent dermatomes that were not 
considered disseminated) or disseminated (any diffuse rash 
[> 6 dermatomes], encephalitis, pneumonia, or other nonskin 
organ involvement). Biopsies of all potentially malignant 
tumors were submitted for blinded central read of histopa-
thology. In addition, external, independent adjudication was 
performed for all potential malignancies. Cardiovascular 
safety endpoints were based on the standard guidelines.23

Efficacy Evaluations
Efficacy evaluations were based on total Mayo score, as de-
termined at baseline and week 8 in the Induction Cohort and 
at baseline (week 8 for the pooled Induction Cohorts) and 
week 52 in the Maintenance Cohort. Results from the phase 
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2 induction study and the phase 3 OLE study were not in-
cluded in the efficacy analysis. Efficacy endpoints included 
endoscopic improvement, clinical remission, and clinical re-
sponse. Total Mayo scores were calculated from central reads 
of the endoscopic subscore.

Statistical Analyses
AEs, SAEs, and discontinuations due to AEs were summarized 
for the Induction, Maintenance, and Overall Cohorts, respec-
tively, by 2 sets of age grouping: (1) 5 age categories: 18 to < 30 
years, 30 to < 40 years, 40 to < 50 years, 50 to < 60 years, 
and ≥ 60 years; and (2) 2 age categories: < 65 years and ≥ 65 
years. These age subgroups were chosen, based on the age 
distribution of the patient population and clinical relevance 
of the age breakdowns, to investigate the association of age 
with risk of infection and malignancies in tofacitinib-treated 
patients. Additionally, the AESI were summarized by age 
group in the Maintenance and Overall Cohorts. Proportions 
and incidence rates (IRs; unique patients with events per 100 
patient-years of exposure) were calculated for AESI, and con-
fidence intervals (CIs) were obtained using the Exact Poisson 
method.24 The denominator for calculation of IRs was the ex-
posure (in days) accrued from when the patient first received 
tofacitinib until they received their final tofacitinib dose (on 
or before the data cutoff date, or the last dose plus 28 days 
for patients who discontinued prematurely), or to the date of 
the first event, whichever occurred earlier. Events occurring 
within 28 days of study discontinuation were included in the 
numerator. In the Overall Cohort, all adjudicated events of 
malignancy (excluding NMSC), NMSC, MACE, and death 
were included, regardless of whether they occurred within or 
outside the 28-day period after the last dose.

In order to determine the effects of various demographic 
and disease-related factors on the occurrence of specific AESI 
(serious infections, opportunistic infections, all herpes zoster 
[nonserious and serious], malignancy, and NMSC) in the 
Overall Cohort, time-to-event analyses were performed using 

Cox proportional-hazards regression modeling, adjusting 
for multiple variables simultaneously, with exposure time as 
defined in the denominator for the IRs. The univariate Cox 
proportional-hazards regression analysis was performed for 
each candidate covariate listed below, and only the covariate 
with a P value < .10 in the univariate regression model was 
used as a candidate for the Cox proportional-hazards mul-
tiple regression model. Candidate covariates included age 
(continuous), sex, race, geographic region (European Union, 
North America, or other), weight, body mass index, history 
of diabetes mellitus at baseline, duration of UC, prior TNFi 
treatment, prior TNFi failure (defined as an “inadequate re-
sponse” to TNFi medication started before day 1 of OCTAVE 
Induction), prior immunosuppressant treatment, predominant 
dose of tofacitinib (tofacitinib 5 or 10 mg BID based on an 
average total daily dose < 15 or ≥ 15 mg, respectively), UC se-
verity, prior corticosteroid use, oral corticosteroid use at base-
line, baseline corticosteroid dose group, baseline high-density 
lipoprotein (< 40 mg/dL), prior myocardial infarction, smoking 
status at baseline, prior NMSC, baseline absolute lymphocyte 
count, and baseline absolute neutrophil count. If multiple con-
tinuous covariates were highly correlated, only 1 was retained 
in the model in order to avoid problems with collinearity. 
Within the Cox proportional-hazards regression analysis, a 
stepwise selection process was implemented, with an entry-
criterion P value of .15 and a stay-criterion P value of .05.

Ethical Considerations
This was a post hoc analysis of previously reported 
trials.17,18,21 All studies were conducted in compliance with 
the Declaration of Helsinki and the International Conference 
on Harmonization Good Clinical Practice Guidelines. Study 
protocols were approved by the Institutional Review Boards 
and/or independent ethics committees at each of the inves-
tigational centers participating in the studies, or a central 
Institutional Review Board. All the patients provided written 
informed consent.

Figure 1. Overview of the tofacitinib UC clinical program, showing phase 2, phase 3, and OLE studies, and the transfer of patients from induction 
studies to maintenance and/or OLE studies. †Final complete efficacy assessment at week 8/52. Treatment continued up to week 9/53. ‡Clinical 
response in OCTAVE Induction 1 and 2 was defined as a decrease from the induction study baseline total Mayo score ≥ 3 points and ≥ 30%, plus a 
decrease in rectal bleeding subscore ≥ 1 point or an absolute rectal bleeding subscore of 0 or 1. §Remission was defined as a total Mayo score ≤ 2 with 
no individual subscore > 1, and a rectal bleeding subscore of 0. Adapted from Winthrop et al.16 (in accordance with the Creative Commons Attribution-
NonCommercial License [CC BY-NC] license). Abbreviations: BID, twice daily; N, total number of patients in each treatment group; OLE, open-label, 
long-term extension; UC, ulcerative colitis.
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Results
Patients
The Induction Cohort included 1220 patients (placebo, 
n = 282; tofacitinib 10 mg BID, n = 938) and the Maintenance 
Cohort included 592 patients (placebo, n = 198; tofacitinib 
5  mg BID, n = 198; tofacitinib 10  mg BID, n = 196). The 
Overall Cohort comprised 1157 patients who received ≥ 1 
dose of tofacitinib 5 or 10 mg BID during the phase 2, phase 3, 
and OLE studies, with 2581 patient-years of tofacitinib expo-
sure and up to a maximum of 6.8 years of treatment. Of these 
patients, 82.9% received a predominant dose of tofacitinib 
10 mg BID (average total daily dose ≥ 15 mg). Most patients 
in the Induction, Maintenance, and Overall Cohorts were 
aged < 65 years (93.2%, 91.9%, and 93.3%, respectively), 
with a smaller proportion aged ≥ 65 years (6.8%, 8.1%, and 
6.7%, respectively; Table 1).

Patient demographics and characteristics were gener-
ally similar for patients in the Induction, Maintenance, and 
Overall Cohorts when stratified into groups of those aged < 65 
and ≥ 65 years, although patients aged ≥ 65 years typically 
had a longer disease duration (Table 1). The proportions 
of patients with prior TNFi and immunosuppressant treat-
ment ranged from 38.5% to 66.7% and 53.8% to 81.3%, 
respectively. Patient demographics, and baseline and clinical 
characteristics, for all cohorts, stratified by age, are described 
in Tables S1 to S3, respectively. In the Overall Cohort, older 
patients had been diagnosed with UC for a longer period 
of time; mean disease duration was 4.7 (standard deviation 
[SD], 3.5), 7.4 (SD, 5.0), 9.3 (SD, 7.2), 11.6 (SD, 8.1), and 
10.6 (SD, 9.8) years in the groups aged 18 to < 30, 30 to < 40, 
40 to < 50, 50 to < 60, and ≥ 60 years, respectively (Table S3).

Treatment-Emergent AEs
In the Induction Cohort, all-causality treatment-emergent AEs 
occurred in 54.9% and 55.0% of tofacitinib- and placebo-
treated patients, respectively. In the Maintenance Cohort, 
the proportions were 75.9% and 75.3%, respectively. In the 
Overall Cohort, AEs occurred in 84.7% of tofacitinib-treated 
patients. The proportions of AEs, SAEs, severe AEs, and 
discontinuations/dose reductions due to AEs in the 3 cohorts, 
stratified by age, are shown in Table 2, Table 3 and Table 4. 
Across cohorts, the percentages of patients with SAEs, or who 
discontinued treatment with tofacitinib or placebo due to 
AEs, were higher in the older versus younger age group.

AEs of Special Interest
In the Maintenance Cohort, AESI (including serious infections, 
opportunistic infections, herpes zoster, malignancies [ex-
cluding NMSC], NMSC, MACE, GI perforations, DVT, and 
PE) were generally infrequent in the placebo and tofacitinib 
treatment groups, regardless of age (Figure S1). Herpes zoster 
(nonserious and serious) events occurred more frequently in 
the group receiving tofacitinib 10 mg BID, compared with the 
groups receiving tofacitinib 5 mg BID or placebo, across all 
age groups, up to 60 years of age. The IRs for all herpes zoster 
(nonserious and serious) events were numerically higher for 
patients aged 40 to < 50 and 50 to < 60 years in the group 
receiving tofacitinib 10 mg BID (40 to < 50 years: IR, 16.37 
[95% CI, 5.32–38.21]; 50 to < 60 years: IR, 11.82 [95% CI, 
2.44–34.53]), compared with those receiving placebo (40 
to < 50 years: IR, 0.00 [95% CI, 0.00–20.12]; 50 to < 60 
years: IR, 4.35 [95% CI, 0.11–24.26]) or tofacitinib 5  mg 

BID (40 to < 50 years: IR, 6.03 [95% CI, 0.73–21.77]; 50 
to < 60 years: IR, 3.56 [95% CI, 0.09–19.84]; Figure S1). No 
cases of herpes zoster occurred in patients aged ≥ 60 years.

In the Overall Cohort, IRs for serious infections, GI 
perforations, DVT, PE, and death were generally compa-
rable between age groups (Figure 2). The IRs for all herpes 
zoster (nonserious and serious) events increased with age 
across subgroups by 10-year intervals; the IR for herpes 
zoster was also greater in patients aged ≥ 65 years (IR, 8.14 
[95% CI, 4.45–13.66]) compared with patients aged <65 
years (IR, 3.14 [95% CI, 2.46–3.95]). Of the patients 
with a herpes zoster AE, 8 discontinued, of whom 6 were 
aged < 65 years and 2 were aged ≥ 65 years. Of the 4 cases 
of disseminated herpes zoster that occurred, none of them 
occurred in patients aged > 65 years. The IRs for opportun-
istic infections, malignancy (excluding NMSC), NMSC, and 
MACE also generally increased with increasing age (Figure 
2). Of note, for patients aged ≥ 65 years, the IRs for malig-
nancy (excluding NMSC; IR, 2.05 [95% CI, 0.56–5.25]), 
NMSC (IR, 3.97 [95% CI, 1.60–8.19]), and MACE (IR, 
1.06 [95% CI, 0.13–3.81]) were greater than those for 
patients aged <65 years (IR, 0.65 [95% CI, 0.37–1.06]; IR, 
0.37 [95% CI, 0.17–0.70]; and IR, 0.20 [95% CI, 0.07–
0.47], respectively; Figure 2).

Results of Cox Proportional-Hazards Regression 
Modeling
In the Cox proportional-hazards multiple regression 
model, a range of factors were significant predictors of 
AESI (Figure 3). Age, weight, and prior TNFi failure sig-
nificantly predicted herpes zoster (HR per 10 years, 1.40 
[95% CI, 1.21–1.63]; HR per 1-kg increase, 0.98 [95% 
CI, 0.96–0.99]; and HR 1.76 [95% CI 1.13–2.74], respec-
tively). Region was also a predictor of herpes zoster, with 1 
of the 3 comparisons reaching statistical significance based 
on the HR of 0.47 (95% CI, 0.28–0.78) for Europe versus 
North America.

The only predictor of serious infection was body mass 
index (HR per 1 kg/m2 increase, 1.06; 95% CI, 1.01–1.11).

Diabetes mellitus, baseline absolute neutrophil count, prior 
TNFi failure, and weight were identified as significant predictors 
of opportunistic infections, with an HR of 5.78 (95% CI, 
1.92–17.36), HR per 1 x 109 cells/L increase of 0.79 (95% CI, 
0.65–0.97), HR of 2.32 (95% CI, 1.04–5.18), and HR per 1 kg  
increase of 0.97 (95% CI, 0.95–1.00), respectively.

The model also identified age and prior duration of UC as 
significant predictors of malignancy (excluding NMSC), with 
an HR per 10 years of 1.45 (95% CI, 1.03–2.04) and an HR 
per 1 year of 1.05 (95% CI, 1.00–1.09), respectively.

Significant predictors of NMSC were age (HR per 10-year 
increase, 2.03 [95% CI, 1.37–3.02]), prior NMSC (HR per 
10-year increase, 9.09 [95% CI, 2.98–27.73]), and prior 
TNFi failure (HR, 3.32 [95% CI, 1.08, 10.20]).

In summary, the Cox proportional-hazards regression 
modeling revealed age significantly predicted herpes zoster, 
malignancy (excluding NMSC), and NMSC, but not serious 
infections or opportunistic infections.

Efficacy
In the Induction Cohort, across age groups, the proportion 
of patients achieving endoscopic improvement, clinical remis-
sion, or clinical response was greater in the group receiving 
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tofacitinib 10  mg BID than in the group receiving placebo 
(Figure 4). For clinical response, a statistically significant 
difference between the groups receiving tofacitinib 10  mg 
BID and placebo was seen across all 5 age categories, with 
48.1% versus 29.8%, 54.9% versus 25.8%, 61.5% versus 
27.9%, 65.5% versus 33.3%, and 64.2% versus 43.8% 
achieving clinical response in the groups aged < 30, 30 
to < 40, 40 to < 50, 50 to < 60, and ≥ 60 years, respectively. For  
endoscopic improvement and clinical remission, differences 
between the groups receiving placebo and tofacitinib 10 mg 
BID were not always significant. Endoscopic improvement 
differences were significant in the groups aged < 30 (26.6% 
versus 14.0%), 30 to < 40 (32.4% versus 10.6%), and 50 
to < 60 (28.9% versus 11.1%) years. Clinical remission 
differences were significant in the groups aged < 30 (18.1% 
versus 5.3%), 30 to < 40 (18.9% versus 3.0%), and ≥ 60 
(22.0% versus 6.3%) years (Figure 4).

When efficacy endpoints in the Induction Cohort were 
assessed based on the groups aged < 65 and ≥ 65 years, sig-
nificant differences between those receiving placebo and 
tofacitinib 10  mg BID were only observed in patients 
aged < 65 years, although it should be noted that the group 
aged ≥ 65 years included low patient numbers (Figure S2).

Across age groups, the percentages of patients in the 
Maintenance Cohort who achieved endoscopic improvement, 
clinical remission, or clinical response was significantly or nu-
merically greater in patients treated with either tofacitinib 5 
or 10 mg BID than in patients treated with placebo (Figure 
5). The group aged ≥ 60 years had significant differences 
across the 3 endpoints. Endoscopic response was achieved 
in 59.1% and 61.3% of patients treated with tofacitinib 5 
and 10 mg BID, respectively, compared to 3.4% of those re-
ceiving placebo. Clinical remission was achieved in 59.1% 
and 54.8% of patients receiving tofacitinib 5 and 10  mg 
BID, respectively, compared to 3.4% in those receiving pla-
cebo. Clinical response was achieved in 72.7% and 71.0% 
of patients receiving tofacitinib 5 and 10  mg BID, respec-
tively, compared to 10.3% in those receiving placebo. The 

proportions of patients achieving clinical response in the 
Maintenance Cohort was generally significantly greater in 
the groups receiving tofacitinib 5 and 10 mg BID than in the 
group receiving placebo, across all age groups (Figure 5). For 
endoscopic improvement and clinical remission, the greatest 
differences between tofacitinib- and placebo-treated patients 
were observed in the youngest (18 to < 30 years) and oldest 
(≥ 60 years) age groups (Figure 5).

The proportion of patients in the Maintenance Cohort 
achieving each efficacy endpoint was significantly greater in 
the groups receiving tofacitinib 5 and 10 mg BID than in the 
group receiving the placebo, for patients in both age groups 
(Figure S3).

Discussion
Tofacitinib was generally well tolerated across all age groups 
in this analysis of data pooled from the tofacitinib UC clin-
ical program. On the whole, IRs of serious infections were 
similar between patients aged ≥ 65 and < 65 years in the 
Overall Cohort. The IRs of SAEs, opportunistic infections, 
herpes zoster (nonserious and serious), malignancy (ex-
cluding NMSC), NMSC, and MACE appeared to increase 
with increasing age in the Overall Cohort. These findings 
are consistent with previous studies,3,16,25,26 and suggest that 
older age may be linked to a heightened risk of some AESI 
in patients with moderately to severely active UC. Infection 
AESI, including serious infections, opportunistic infections, 
and all herpes zoster (nonserious and serious), were infre-
quent in the Maintenance Cohort. Other AESI, including 
malignancies (excluding NMSC), NMSC, and MACE, were 
also infrequent in the Maintenance Cohort with both placebo 
and tofacitinib treatment. The results should be interpreted 
with caution because older patients in the population in 
general, and not just those with IBD, have been shown to 
have generally higher rates of herpes zoster, malignancy (ex-
cluding NMSC), serious infections, opportunistic infections, 
and heart disease.3–11 Specifically, a study showed that the 

Table 4. Treatment-emergent AEs reported in the Overall Cohort from the tofacitinib UC clinical program.

 18 to < 30 
years 

30 to < 40 
years 

40 to < 50 
years 

50 to < 60 
years 

≥ 60 years < 65 years ≥ 65 years 

Tofacitinib 
Alla (N = 270)

Tofacitinib 
Alla (N = 311)

Tofacitinib 
Alla (N = 251)

Tofacitinib 
Alla (N = 181)

Tofacitinib 
Alla (N = 144)

Tofacitinib 
Alla (N = 1080)

Tofacitinib 
Alla (N = 77)

AEs, n (%) 220 (81.5) 253 (81.4) 219 (87.3) 159 (87.8) 129 (89.6) 912 (84.4) 68 (88.3)

SAEs, n (%) 42 (15.6) 55 (17.7) 49 (19.5) 37 (20.4) 40 (27.8) 202 (18.7) 21 (27.3)

Severe AEs, n (%) 38 (14.1) 48 (15.4) 43 (17.1) 26 (14.4) 23 (16.0) 164 (15.2) 14 (18.2)

Discontinuation 
due to AEs, n (%)

14 (5.2) 23 (7.4) 26 (10.4) 26 (16.4) 30 (23.3) 99 (10.9) 20 (29.4)

Dose reduction 
or temporary  
discontinuation 
due to AEs,
n (%)

16 (5.9) 24 (7.7) 29 (11.6) 14 (7.7) 23 (16.0) 91 (8.4) 15 (19.5)

SAEs were based on the Investigator’s assessment. Patients were counted only once per treatment for each category. Severity counts were based on the 
maximum severity or grade of events. Overall Cohort data are as of May 27, 2019; database not locked.
aIncludes patients who received tofacitinib 5 or 10 mg BID in the phase 2 and phase 3 induction and maintenance studies and the ongoing OLE study; 
82.9% of patients in the Overall Cohort received a predominant dose of tofacitinib 10 mg BID. Abbreviations: AE, adverse event; BID, twice daily; N, total 
number of patients in the treatment group; n, number of patients with the specified event; OLE, open-label, long-term extension; SAE, serious adverse event; 
UC, ulcerative colitis.

http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izac084#supplementary-data
http://academic.oup.com/ibdjournal/article-lookup/doi/10.1093/ibd/izac084#supplementary-data
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IR of herpes zoster increases with increasing age in a United 
States population captured in 2010, with rates of 7.1 and 10 
cases per 1000/year in those aged 60–69 years and 70–79 

years, respectively.9 Similarly, 1 study in Canada highlighted 
the incidence of invasive cancer to be highest in those aged 
65–69 years, followed by those aged 60–64 years and 70–74 

Figure 2. Safety and AESI reported by age group in the Overall Cohort from the tofacitinib UC clinical program. Data are as of May 27, 2019; database not 
locked. All malignancy (excluding NMSC), NMSC, MACE, and death events were counted (including those that were outside the 28-day risk period); all 
other AESI were counted to 28 days beyond the last dose, with the exception of ongoing patients in the OLE study. The IR was defined as the number 
of unique patients with events per 100 patient-years of exposure. Exact Poisson (adjusted for patient-years) 95% CIs are provided. †Includes patients 
who received tofacitinib 5 or 10 mg BID in the phase 2 and phase 3 induction and maintenance studies, and the ongoing OLE study, unless stated 
otherwise. ‡Adjudicated events; the Overall Cohort does not include data from the phase 2 induction study. §The IR was significantly higher than for the 
group aged < 30 years, based on nonoverlapping 95% CIs. ¶The IR was significantly higher than for the group aged < 65 years, based on nonoverlapping 
95% CIs. ††The IR was significantly higher than for the groups ages 18 to < 30, 30 to < 40, 40 to < 50, and 50 to < 60 years, based on nonoverlapping 
95% CIs. Abbreviations: AESI, adverse event of special interest; BID, twice daily; CI, confidence interval; DVT, deep vein thrombosis; GI, gastrointestinal; 
IR, incidence rate; MACE, major adverse cardiovascular events; N, total number of patients; n, number of patients with the specified event; NMSC, 
nonmelanoma skin cancer; OLE, open-label, long-term extension; PE, pulmonary embolism; PY, patient-years; UC, ulcerative colitis.
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years.8 Of note, the long-term safety data presented here are 
for the Overall Cohort and do not include any comparators 
of patients who have not received tofacitinib. Moreover, it 
should be noted that corticosteroid use is a risk factor for 
serious infections in tofacitinib-treated patients with IBD.13 
From the Overall Cohort, 45.0% and 48.1% of patients 
aged < 65 and ≥ 65 years had corticosteroid use at base-
line, respectively. Baseline of the Overall Cohort was deter-
mined as baseline of the induction trials (phase 2 induction, 
OCTAVE Induction 1 and 2).

Cox proportional-hazards regression analysis with mul-
tiple variables showed that age statistically significantly 
predicted herpes zoster (nonserious and serious), malignancy 
(excluding NMSC), and NMSC events. These analyses were 
conducted on patients in the Overall Cohort (all patients who 
received ≥ 1 dose of tofacitinib in the phase 2 induction study 
or 1 or more of the studies in the phase 3 OCTAVE clinical 
program). In contrast to analyses in patients with UC treated 
with TNFi, the frequency of serious infections was not ele-
vated in patients aged ≥ 65 versus < 65 years in the current 
cohorts of patients with UC,14 although this study was limited 
by a small number of older patients.

The Cox proportional-hazards regression analysis 
demonstrated that, in addition to age, there are a number of 
comorbidities and demographic characteristics that can con-
tribute to increased risks of certain AESI. For example, along 
with age, the duration of UC was a significant predictor of 
malignancy (excluding NMSC). This could potentially be 
attributed to the effect of immunosuppressive therapies over 
a long duration, which may be seen in patients with a longer 
duration of UC.27 Other statistically significant predictors 
included prior TNFi failure for herpes zoster, NMSC, and 
opportunistic infection events. These findings highlight the 
importance of capturing information on these factors in clin-
ical trials, as it can help identify which patient populations 
may be more at risk of particular AESI. It should be noted 
that although corticosteroid use is a risk factor for some 
AESI, baseline and prior corticosteroid use were not signif-
icant predictors of AESI in the Overall Cohort. This may 
be related to the mandatory corticosteroid tapering in the 
OCTAVE Sustain and OCTAVE Open studies. This analysis 
showed that geographic region was a statistically significant 

predictor of herpes zoster (nonserious and serious). This is 
in line with findings from previous analyses of the OCTAVE 
clinical program in patients with UC,28 and an integrated 
safety analysis in patients with rheumatoid arthritis.29

The efficacy of tofacitinib, relative to placebo, has previ-
ously been reported for the phase 2 induction study17 and 
the phase 3 induction and maintenance studies.18 Subgroup 
analyses of the Induction and Maintenance Cohorts show 
that tofacitinib was generally effective in older patients and 
that, overall, tofacitinib was numerically more effective than 
placebo for most efficacy endpoints, regardless of age.

A general limitation of interpreting these data is the post 
hoc nature of these analyses. They are also limited by low 
patient numbers in the group aged ≥ 65 years, suggesting that 
larger studies based on analyses from data outside the clin-
ical trial setting should be carried out to further our knowl-
edge of tofacitinib’s safety profile in older patients with UC. 
Furthermore, the patients in the tofacitinib UC clinical pro-
gram may not be representative of the general UC popula-
tion. The follow-up period for the Maintenance Cohort was 
relatively short, which limits analyses of certain AEs, par-
ticularly analyses of infrequent AESI, such as MACE and 
malignancies. However, the Overall Cohort encompasses 
data from up to 6.8 years of treatment with tofacitinib, which 
will allow longer-term study of age as a risk factor in these 
patients. It is important to note that the OLE program was 
not placebo controlled. In addition, the absence of data on the 
use of corticosteroids at the time of AESI is a limitation for 
interpreting the risk of infections. In the efficacy comparisons, 
nominal P values are provided, with no adjustment for mul-
tiplicity. As there were limited data on the placebo treatment, 
with very few AESI reported, there was not adequate statis-
tical power to analyze the relationship between treatment 
and age. Lastly, as the majority of patients were treated with 
tofacitinib 10 mg BID, the extent of the effect of dose on AESI 
risks cannot be concluded.

Conclusions
These analyses of data from the tofacitinib UC clinical pro-
gram show that tofacitinib was generally well tolerated across 
all age groups. Increasing age was a statistically significant 

Figure 3. Predictors of AESI (Cox proportional-hazards regression models) in the Overall Cohort. †Based on adjudicated events, which do not include 
data from the phase 2 induction study. Abbreviations: AESI, adverse event of special interest; CI, confidence interval; HR, hazard ratio; N, number of 
patients in analysis; n, number of patients with event; NMSC, nonmelanoma skin cancer; TNFi, tumor necrosis factor inhibitor; UC, ulcerative colitis.
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predictor of herpes zoster, malignancy (excluding NMSC), 
and NMSC. Thus, the risks of these events increased with age 
in patients with moderately to severely active UC receiving 
tofacitinib; these findings are in keeping with product label-
ling, which states that caution should be used when treating 
elderly patients. Moreover, it is recommended that all patients 
be brought up to date with all immunizations, including 

prophylactic zoster vaccination, in agreement with current 
vaccination guidelines, prior to initiating tofacitinib.30,31 
Increased risk with age is also observed in patients with UC 
receiving other therapies and in the general population, and 
further investigation is warranted.8,9,11,14,25 Across all age 
groups, tofacitinib was shown to be more efficacious than 
placebo as both induction and maintenance therapy. Future 

Figure 4. Proportions of patients receiving placebo or tofacitinib 10 mg BID who achieved (A) endoscopic improvement, (B) clinical remission, or (C) 
clinical response at week 8 in the Induction Cohort (FAS, NRI). *P < .05; **P < .01; ***P < .001 (P values are from Cochran-Mantel-Haenszel chi-squared 
test). Values above bars show the difference from placebo (95% CI). Endoscopic improvement was defined as a Mayo endoscopic subscore of 0 or 1. 
Clinical remission was defined as a total Mayo score of ≤ 2, with no individual subscore exceeding 1 point. Clinical response was defined as a decrease 
from induction study baseline total Mayo score of ≥ 3 points and ≥ 30%, plus a decrease in rectal bleeding subscore ≥ 1 point or an absolute rectal 
bleeding subscore of 0 or 1. Abbreviations: BID, twice daily; CI, confidence interval; FAS, full analysis set; n, number of patients with the specified 
response within the given category; N1, number of patients in the specified category with nonmissing data; NRI, nonresponder imputation.
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long-term studies may help better understand the relation-
ship between malignancies and exposure to tofacitinib.

Supplementary Data
Supplementary data are available are Inflammatory Bowel 
Diseases online.
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