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Abstract

Background and Aims: Tofacitinib is an oral, small molecule JAK inhibitor for the treatment of 
ulcerative colitis. We report integrated analyses of infections in the Phase [P]2 and P3 OCTAVE 
programmes.
Methods: Three cohorts were analysed: Induction [P2/3 induction studies]; Maintenance [P3 
maintenance study]; and Overall [all tofacitinib-treated patients in induction, maintenance, or 
ongoing, open-label, long-term extension studies; as of May  2019]. Proportions and incidence 
rates [IRs; unique patients with events/100 patient-years] of serious infections [SIs], herpes zoster 
[HZ] [non-serious and serious], and opportunistic infections [OIs] are reported [censored at time 
of event].
Results: In the Induction Cohort [N = 1220], no patients receiving placebo and eight [0.9%] 
receiving tofacitinib 10  mg twice daily [BID] developed SIs. Maintenance Cohort [N = 592] SI 
IRs (95% confidence interval [CI]) were 1.94 [0.23–7.00] for placebo and 1.35 [0.16–4.87] and 0.64  
[0.02–3.54] for tofacitinib 5 and 10  mg BID, respectively; HZ IRs were 0.97 [0.02–5.42], 2.05  
[0.42–6.00], and 6.64 [3.19–12.22], respectively. In the Overall Cohort [N = 1157; 82.9% predominantly 
received tofacitinib 10 mg BID], SI, HZ, and non-HZ OI IRs were 1.70 [1.24–2.27], 3.48 [2.79–4.30], 
and 0.15 [0.04–0.38], respectively. No SIs resulted in death.
Conclusions: During induction, SIs were more frequent with tofacitinib versus placebo. SIs were 
generally infrequent in the Maintenance and Overall Cohorts, with rates comparable between 
treatment groups. Maintenance Cohort HZ IR was numerically higher with tofacitinib 10 mg BID 
versus 5 mg BID. Overall Cohort HZ IRs remained stable over time. Non-HZ OIs and viral infections 
were rare.
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1.  Introduction

Infections are an important safety concern in patients with inflam-
matory bowel disease [IBD], due to immunosuppression which may 
be associated with the disease itself1 as well as its therapies.2 Various 
immunosuppressant therapies for IBD, including corticosteroids, 
thiopurines, methotrexate, and tumour necrosis factor inhibitors 
[TNFi], are associated with an increased risk of serious infections 
and/or opportunistic infections.2–7 This risk can further increase 
when some therapies are used in combination.4,5,7

Tofacitinib is an oral, small molecule Janus kinase [JAK] inhibitor 
for the treatment of ulcerative colitis [UC]. Tofacitinib inhibits  
JAK-mediated signal transduction,8,9 thereby modulating immune 
and inflammatory responses.9,10 Risks of serious infections, herpes 
zoster, and opportunistic infections with tofacitinib have been 
reported.11–18

The safety of tofacitinib in adults with UC has been previously 
evaluated in an 8-week, Phase 2 induction study [NCT00787202],19 
two 8-week, Phase 3 induction studies (OCTAVE Induction 1 
[NCT01465763] and 2 [NCT01458951])20 and a 52-week, Phase 
3 maintenance study (OCTAVE Sustain [NCT01458574]),20 and 
are being further evaluated in an ongoing, open-label, long-term 
extension [OLE] study (OCTAVE Open [NCT01470612]).21 We re-
port integrated analyses of infection events throughout the global 
tofacitinib UC clinical programme, including Phase 2 and Phase 3 
OCTAVE trials.

2.  Materials and Methods

2.1.  Studies and patients
All studies used in these analyses included adult patients with mod-
erate to severe UC, receiving placebo or tofacitinib 5 or 10 mg twice 
daily [BID] [Figure 1]. Details of included studies are provided in 
the Supplementary Data, available at ECCO-JCC online page 2 
[ClinicalTrials.gov identifiers: NCT00787202; NCT01465763; 
NCT01458951; NCT01458574; NCT01470612]. Data from the 

ongoing OLE study are reported as of 27 May 2019 [database not 
locked].

During OCTAVE Open, tofacitinib dose could be modified a 
maximum of two times after ≥8 weeks of initial treatment [from 5 
to 10 mg BID for patients with flare documented by site-read en-
doscopy, and from 10 to 5 mg BID if specified laboratory criteria 
were met or if patients were in remission or partial Mayo score 
remission at or beyond Month  24]. In addition to assigned dose 
groups, patients in the Overall Cohort were analysed by predom-
inant dose [PD], based on the average total daily dose of tofacitinib 
during tofacitinib treatment: PD 5 mg BID for average total daily 
dose <15 mg; PD 10 mg BID for average total daily dose ≥15 mg. 
Due to protocol design, 82.9% of patients were in the PD 10 mg 
BID group.

Oral corticosteroids [stable dose; ≤30  mg/day prednisolone or 
equivalent in the Phase 2 study and ≤25 mg/day prednisone or equiva-
lent in Phase 3 studies] were permitted during induction studies, 
but with mandatory taper during OCTAVE Sustain and OCTAVE 
Open. Oral 5-aminosalicylates [5-ASA] were also permitted, pro-
vided the dose remained stable for ≥4 weeks preceding baseline for 
induction studies and remained stable during the study treatment 
period for induction and maintenance studies. Oral 5-ASA dose 
modifications were permitted during OCTAVE Open. Concomitant 
immunosuppressant or TNFi therapy was prohibited [immunosup-
pressant washout period: within 1 week of baseline in the Phase 2 
study and within 2 weeks of baseline in OCTAVE Induction studies; 
TNFi washout period: within 8 weeks of baseline in the Phase 2 
and OCTAVE Induction studies]. Further details are provided in the 
Supplementary Data pages 3–5 and in Supplementary Table 1, avail-
able as Supplementary data at ECCO-JCC online.

Patients entering the programme were required to have no evi-
dence of active, latent, or inadequately treated tuberculosis [TB; 
see Supplementary Data page 6]. Patients with human immuno-
deficiency virus or hepatitis B or C virus were excluded. As per the 
protocols, patients with serious infections were required to discon-
tinue from the studies.
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Figure 1. Overview of the tofacitinib UC clinical programme, showing Phase 2, Phase 3, and OLE studies, and the transfer of patients from induction studies 
to maintenance and/or OLE studies for treatment groups included in the analysis. Patients meeting clinical response criteria at the end of the 8-week OCTAVE 
Induction 1 and 2 studies were re-randomised to receive placebo or tofacitinib 5 or 10 mg BID during the 52-week maintenance study [OCTAVE Sustain]. Non-
responders from the induction studies were eligible for inclusion in the OLE study, as were those completing the maintenance study. Clinical 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. Remission was defined as a total Mayo score of ≤2 with no individual subscore >1, and a 
rectal bleeding subscore of 0. Study A3921139 [OCTAVE Open] is ongoing. Adapted from Winthrop et al.,15 (in accordance with the CC BY-NC licence). BID, twice 
daily; N, total number of patients in the treatment group; OLE, open-label, long-term extension; UC, ulcerative colitis.

http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjaa233#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjaa233#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjaa233#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjaa233#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjaa233#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjaa233#supplementary-data
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2.2.  Analysis cohorts
Safety data were analysed as three cohorts [Figure 1]:

 • Induction Cohort: patients who received placebo or tofacitinib 
10 mg BID for up to 8 weeks in Phase 2 or 3 induction studies;

 • Maintenance Cohort: patients who received placebo or tofacitinib 
5 or 10 mg BID for up to 52 weeks in OCTAVE Sustain;

 • Overall Cohort: patients who received at least one dose of 
tofacitinib 5 or 10 mg BID in Phase 2 or 3 induction studies, 
OCTAVE Sustain and OCTAVE Open, for up to 6.8 years [as 
of 27 May 2019, database not locked], the latter of which was 
open label.

2.3.  Review of adverse events
Adverse events [AEs] and serious AEs [SAEs] were monitored [fur-
ther details in Supplementary Data page 6]. Infection AEs of special 
interest included serious infections, opportunistic infections, herpes 
zoster, and TB. Serious infections were defined as infections that met 
SAE reporting criteria [see Supplementary Data page 6].

External independent adjudication committees were established 
to help assess specific safety events, including an Opportunistic 
Infections Review Committee [OIRC]. Infections reviewed by 
the OIRC included viral, bacterial, fungal, and parasitic infec-
tions reported as SAEs or potential opportunistic infections [see 
Supplementary Data page 6]. As the conduct of the Phase 2 study 
[NCT00787202] pre-dated establishment of the adjudication com-
mittees, this study was not included in the adjudication process. 
Herpes zoster events that were adjudicated as multidermatomal 
[defined as non-adjacent or >2 adjacent dermatomes that were not 
considered disseminated] or disseminated were classified as oppor-
tunistic infections. All other herpes zoster events were limited to cu-
taneous involvement with ≤2 adjacent dermatomes. As these studies 
were designed to evaluate the efficacy and safety of tofacitinib and 
not to specifically evaluate herpes zoster, baseline varicella zoster 
virus serology was not measured in the tofacitinib UC clinical 
programme.

2.4.  Proportions and incidence rates
Infection AEs were evaluated as proportions and incidence rates 
[IRs], calculated as the number of unique patients with events 
per 100 patient-years [PY], with 95% confidence intervals [CIs; 
see Supplementary Data page 7]. Exposure time was censored at 
time of event. Events occurring during treatment and up to 28 days 
after the last dose were included in calculations of proportions and 
IRs. IRs were calculated for all opportunistic infections [including 
herpes zoster cases meeting the OIRC definition for herpes zoster 
opportunistic infections], and separately for herpes zoster oppor-
tunistic infections, non-herpes zoster opportunistic infections, and 
all herpes zoster [non-serious and serious; comprising all forms of 
herpes zoster and including cases not adjudicated as opportunistic 
infections].

2.5.  Risk factor analysis
Cox proportional regression models were used to assess the associ-
ation of demographic and clinical factors with the risk of serious in-
fections, opportunistic infections, and herpes zoster [non-serious and 
serious]. Models were applied to the Overall Cohort, which included 
all patients exposed to tofacitinib in the UC clinical programme 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, body mass index [BMI], previous 

TNFi use, previous TNFi failure, previous immunosuppressant use, 
oral corticosteroid use at baseline, and tofacitinib PD [full list of 
 factors considered are provided in Supplementary Data page 8].

The modelling approach for baseline characteristics first applied 
univariate models to identify individual risk factors with a statistic-
ally significant relationship to each AE; factors 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.

Separate univariate models using time-varying covariates evalu-
ated factors that could change during the study, including tofacitinib 
dose, oral corticosteroid dose [prednisone equivalent], and post-
baseline confirmed low absolute lymphocyte count [ALC; <1 x 
109/L] and low absolute neutrophil count [ANC; <1.5 x 109/L]. For 
post-baseline confirmed low ALC and low ANC, values observed 
before the AEs of interest had to meet the criteria on two consecu-
tive visits.

2.6.  Analysis by age group
To evaluate the effect of age on serious infection risk in the 
Overall Cohort, IRs for age groups [<30  years, ≥30 to <40  years, 
≥40 to <50  years, ≥50 to <60  years, and ≥60  years, <65  years, 
and ≥65 years] were calculated.

2.7.  Analysis over time
To evaluate changes in the incidence of infection AEs over time in 
the Overall Cohort, IRs for discrete 6-month intervals of tofacitinib 
exposure [eg. exposure for 0–6, >6 to 12, >12 to 18, >18 to 24,  
>24 to 30, and >30 months] were calculated.

2.8.  Ethical considerations and patient consent
All studies were registered with ClinicalTrials.gov [NCT00787202; 
NCT01465763; NCT01458951; NCT01458574; NCT01470612], 
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 investigational 
centre participating in the studies or at a central institutional review 
board. All patients provided written informed consent.

3.  Results

3.1.  Patients
In total, 1220 patients were included in the Induction Cohort [pla-
cebo, N = 282; tofacitinib 10 mg BID, N = 938] and 592 patients were 
included in the Maintenance Cohort [placebo, N = 198; tofacitinib 
5  mg BID, N = 198; tofacitinib 10  mg BID, N = 196]. A  total of 
1157 patients received ≥1 dose of tofacitinib [as of May 2019] and 
were included in the Overall Cohort, with 763 patients exposed 
for ≥6 months, 666 patients exposed for ≥12 months, 552 patients 
exposed for ≥24 months, and 315 patients exposed for ≥48 months. 
The tofacitinib UC clinical programme encompassed 2581.3 PY of 
exposure to tofacitinib [median, 623 days], with up to 6.8 years of 
treatment. In the Overall Cohort, most patients [N = 959; 82.9%] 
received a PD of tofacitinib 10 mg BID.

Baseline characteristics for the Induction and Maintenance 
Cohorts are shown in Table 1. Characteristics associated with UC 
activity [eg. total Mayo score and C-reactive protein level] were not-
ably different between the two cohorts, reflecting the entry require-
ments of the Maintenance Cohort [achieved clinical response with 
placebo or tofacitinib 10  mg BID in OCTAVE Induction 1 or  2]. 

http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjaa233#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjaa233#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjaa233#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjaa233#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjaa233#supplementary-data
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Table 1. Demographics and clinical characteristics of the Induction and Maintenance Cohorts.

Induction Cohort Maintenance Cohort

 Placebo  
[N = 282]

Tofacitinib  
10 mg BID 
[N = 938]

Placebo  
[N = 198]

Tofacitinib  
5 mg BID 
[N = 198]

Tofacitinib  
10 mg BID 
[N = 196]

Tofacitinib 
all doses 
[N = 394]

Mean age, years [SD] 41.4 [14.4] 41.3 [13.8] 43.4 [14.0] 41.9 [13.7] 43 [14.4] 42.5 [14.0]
Males, n [%] 155 [55] 557 [59.4] 116 [58.6] 103 [52.0] 110 [56.1] 213 [54.1]
Race, n [%]
 White 229 [81.2] 756 [80.6] 155 [78.3] 164 [82.8] 153 [78.1] 317 [80.5]
 Asian 28 [9.9] 114 [12.2] 26 [13.1] 23 [11.6] 25 [12.8] 48 [12.2]
Geographical region, n [%]
 Asia 26 [9.2] 95 [10.1] 20 [10.1] 22 [11.1] 21 [10.7] 43 [10.9]
 Eastern Europe 90 [31.9] 283 [30.2] 57 [28.8] 66 [33.3] 63 [32.1] 129 [32.7]
 North America 53 [18.8] 187 [19.9] 45 [22.7] 39 [19.7] 44 [22.4] 83 [21.1]
 Western Europe 79 [28.0] 281 [30.0] 55 [27.8] 47 [23.7] 57 [29.1] 104 [26.4]
 Rest of world 34 [12.1] 92 [9.8] 21 [10.6] 24 [12.1] 11 [5.6] 35 [8.9]
Mean disease duration, years [SD] 8.2 [6.8] 8.2 [7.0] 8.8 [7.5] 8.3 [7.2] 8.7 [7.0] 8.5 [7.1]
Mean total Mayo score [SD] 8.9 [1.5] 9.0 [1.5] 3.3 [1.8] 3.3 [1.8] 3.4 [1.8] 3.4 [1.8]
Median CRP, mg/L [range]a 5.3 [0.1–205.1] 4.6 [0.1–208.4] 1.0 [0.1–45.0] 0.7 [0.1–33.7] 0.9 [0.1–74.3] 0.7 [0.1–74.3]
Previous TNFi treatment, n [%]b 130 [55.6] 488 [53.9] 92 [46.5] 90 [45.5] 100 [51.0] 190 [48.2]
Previous immunosuppressant 
treatment, n [%]b

160 [68.4] 683 [75.5] 134 [67.7] 149 [75.3] 144 [73.5] 293 [74.4]

Immunosuppressant treatment 
within 8 weeks preceding  
baseline, n [%]b

56 [23.9] 259 [28.6] 44 [22.2] 45 [22.7] 56 [28.6] 101 [25.6]

5-ASA use at baseline, n [%]b,c 167 [71.4] 650 [71.8] - - - -
Oral corticosteroid use at  
baseline, n [%] 

127 [45.0] 430 [45.8] 100 [50.5] 101 [51.0] 86 [43.9] 187 [47.5]

 Mean oral corticosteroid daily 
dose at baseline—prednisone 
equivalent, mg/day [SD]

16.9 [6.2] 16.0 [6.4] 15.9 [6.2] 14.9 [6.2] 14.5 [5.9] 14.7 [6.1]

Extent of disease, n [%]b

 Proctosigmoiditis 35 [15.0] 132 [14.6] 21 [10.6] 28 [14.3] 33 [16.9] 61 [15.6]
 Left-sided colitis 76 [32.6] 307 [34.0] 68 [34.3] 66 [33.7] 60 [30.8] 126 [32.2]
 Extensive/pancolitis 122 [52.4] 463 [51.3] 108 [54.5] 102 [52.0] 102 [52.3] 204 [52.2]
 Proctitis 0 [0.0] 1 [0.1] 1 [0.5] 0 [0.0] 0 [0.0] 0 [0.0]
Baseline albumin [g/dL],  
mean [SD]b

4.2 [0.4] 4.2 [0.4] 4.5 [0.3] 4.5 [0.3] 4.5 [0.3] 4.5 [0.3]

Baseline ALC [x 106/L],  
mean [SD]b,d

1.8 [0.8] 1.9 [0.9] 1.9 [0.8] 2.0 [1.0] 1.9 [0.8] 2.0 [0.9]

Baseline ANC [x 106/L],  
mean [SD]b,d

6.0 [2.7] 5.9 [2.9] 5.2 [2.2] 5.1 [2.6] 5.3 [2.6] 5.2 [2.6]

Low post-baseline ALC  
[<1.0 x 109/L], n [%]e,f

21 [7.6] 61 [6.6] 7 [3.5] 23 [11.6] 16 [8.2] 39 [9.9]

Low post-baseline ANC  
[<1.5 x 109/L], n [%]e,f

0 [0.0] 0 [0.0] 0 [0.0] 0 [0.0] 1 [0.5] 1 [0.3]

Smoking status, n [%]g

 Current smoker 11 [3.9] 48 [5.1] 12 [6.1] 7 [3.5] 6 [3.1] 13 [3.3]
 Ex-smoker 76 [27.0] 296 [31.6] 73 [36.9] 49 [24.7] 63 [32.1] 112 [28.4]
 Never smoked 195 [69.1] 593 [63.2] 113 [57.1] 142 [71.7] 127 [64.8] 269 [68.3]

ALC, absolute lymphocyte count; ANC, absolute neutrophil count; BID, twice daily; CRP, C-reactive protein; N, total number of patients in the treatment group; 
n, number of patients in the specified category; SD, standard deviation; TNFi, tumour necrosis factor inhibitor; 5-ASA, 5-aminosalicylate. 
aInduction Cohort: placebo, N = 278; tofacitinib 10 mg BID, N = 922. Maintenance Cohort: placebo, N = 198; tofacitinib 5 mg BID, N = 198;  
tofacitinib 10 mg BID, N = 196. 
bData from baseline of Phase 3 induction studies NCT01465763 and NCT01458951; placebo, N = 234; tofacitinib 10 mg BID, N = 905. 
c5-ASA use at baseline is not available for the Maintenance and Overall Cohorts. 
dInduction Cohort: placebo, N = 282; tofacitinib 10 mg BID, N = 904. Maintenance Cohort: placebo, N = 195; tofacitinib 5 mg BID, N = 197;  
tofacitinib 10 mg BID, N = 195; tofacitinib all doses, N = 392. 
eInduction Cohort: placebo, N = 277; tofacitinib 10 mg BID, N = 928. Maintenance Cohort: placebo, N = 198; tofacitinib 5 mg BID, N = 198;  
tofacitinib 10 mg BID, N = 195; tofacitinib all doses, N = 393. 
fFor post-baseline confirmed low ALC and low ANC, values observed before the adverse events of interest had to meet the criteria on two consecutive visits.
 gOne patient with missing data in Induction Cohort, tofacitinib 10 mg BID group.
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Otherwise, demographics and baseline characteristics were generally 
similar among treatment groups in both cohorts. Exposure and base-
line characteristics for the Overall Cohort [N = 1157] are shown in 
Supplementary Tables 2 and 3, available as Supplementary data at 
ECCO-JCC online.

3.2.  Observed infection events
The proportions of patients in the Induction and Maintenance 
Cohorts with infection AEs are shown in Table  2. In the Overall 
Cohort [tofacitinib all doses], infection AEs occurred in 55.4% of 
patients, and 49 [4.2%] patients had their dose reduced or tempor-
arily discontinued due to infection AEs [Table 3]. No infections re-
sulted in death [Table 3]. Nasopharyngitis was the most frequently 
reported infection AE, followed by upper respiratory tract infec-
tion [Tables 2 and 3]. Pneumonia and atypical pneumonia were in-
frequent in the Overall Cohort (13 [1.1%] patients and 1 [0.1%]  
patient, respectively).

3.3.  Serious infections
In the Induction Cohort, 0.9% of patients receiving tofacitinib 10 mg 
BID had serious infections, versus no patients receiving placebo 
[Table 4]. There was no increased risk associated with continuation 
of tofacitinib 10 mg BID in the Maintenance Cohort (one [0.5%] 
patient with a serious infection). The IRs [95% CI] for serious infec-
tion in the Overall Cohort (1.70 [1.24–2.27]) and tofacitinib 5 and 

10 mg BID groups in the Maintenance Cohort (1.35 [0.16–4.87] and 
0.64 [0.02–3.54], respectively) were similar to the placebo group in 
the Maintenance Cohort (1.94 [0.23–7.00]; Table 4).

In the Overall Cohort, 49 serious infection events occurred in 
46 patients [including one event of severe cellulitis reported 61 days 
after the last dose of tofacitinib and not included in the propor-
tion or IR calculations]. Of these, only anal abscess [four events], 
appendicitis [three events], herpes zoster [five events], ophthalmic 
herpes zoster [two events], sinusitis [two events], and Clostridium 
difficile infection [two events] occurred in ≥1 patient. The median 
[range] time to infection for serious infections was 433 [23–1742] 
days. IRs of serious infection in the Overall Cohort [tofacitinib all 
doses] were generally similar across age groups [Figure 2], with an 
IR [95% CI] of 1.19 [0.44–2.59] for patients <30 years old versus 
1.51 [0.55–3.29] for patients ≥60 years old. No serious infections 
resulted in death. Because patients with serious infections were re-
quired [per protocol] to discontinue, 38 of the 49 serious infection 
events [77.6%] directly resulted in discontinuation; of the remaining 
11 events, one patient discontinued due to worsening UC at the same 
time as the serious infection, six had already discontinued [serious 
infection occurred after the last tofacitinib dose], and four were 
protocol deviations. Further details of the specific serious infections 
reported are provided in the Supplementary Data page 15.

When the multivariable Cox proportional hazard model was ap-
plied to the Overall Cohort [tofacitinib all doses], the only baseline 
risk factor that was significantly associated with serious infections 

Table 2. Treatment-emergent infections [all-causality] in the Induction and Maintenance Cohorts.

Induction Cohort [up to 8 weeks of treatment]

Adverse event, n [%] Placebo [N = 282] Tofacitinib 10 mg BID [N = 938]

Infections [all] 43 [15.2] 198 [21.1]
Discontinuations due to infections 0 [0.0] 5 [0.5]
Deaths due to infections 0 [0.0] 0 [0.0]
Infections occurring in ≥2% of patients
 Nasopharyngitis 14 [5.0] 56 [6.0]
 Upper respiratory tract infection 6 [2.1] 26 [2.8]

Maintenance Cohort [up to 52 weeks of treatment]

Adverse event, n [%] Placebo  
[N = 198]

Tofacitinib  
5 mg BID [N = 198]

Tofacitinib  
10 mg BID [N = 196]

Tofacitinib 
all doses 
[N = 394]

Infections [all] 48 [24.2] 71 [35.9] 78 [39.8] 149 [37.8]
Discontinuations due to infections 1 [0.5] 2 [1.0] 1 [0.5] 3 [0.8]
Deaths due to infections 0 [0.0] 0 [0.0] 0 [0.0] 0 [0.0]
Infections occurring in ≥2% of patients in any treatment group
 Nasopharyngitis 11 [5.6] 19 [9.6] 27 [13.8] 46 [11.7]
 Upper respiratory tract infection 7 [3.5] 13 [6.6] 12 [6.1] 25 [6.4]
 Gastroenteritis 5 [2.5] 6 [3.0] 8 [4.1] 14 [3.6]
 Herpes zoster [non-serious and serious] 1 [0.5] 2 [1.0] 10 [5.1] 12 [3.1]
 Bronchitis 3 [1.5] 5 [2.5] 6 [3.1] 11 [2.8]
 Influenza 7 [3.5] 4 [2.0] 7 [3.6] 11 [2.8]
 Urinary tract infection 4 [2.0] 5 [2.5] 6 [3.1] 11 [2.8]
 Oral herpes 0 [0.0] 4 [2.0] 5 [2.6] 9 [2.3]
 Sinusitis 2 [1.0] 6 [3.0] 2 [1.0] 8 [2.0]
 Folliculitis 1 [0.5] 2 [1.0] 5 [2.6] 7 [1.8]
 Pharyngitis 3 [1.5] 6 [3.0] 1 [0.5] 7 [1.8]
 Tooth abscess 0 [0.0] 2 [1.0] 4 [2.0] 6 [1.5]
 Cystitis 0 [0.0] 1 [0.5] 4 [2.0] 5 [1.3]

Patients are only counted once per treatment for each row.
BID, twice daily; N, total number of patients in the treatment group; n, number of patients with events.

http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjaa233#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjaa233#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjaa233#supplementary-data
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was BMI (per kg/m2; hazard ratio, HR [95% CI] 1.06 [1.01–1.11]). 
Increasing age [10-year increments] was analysed as a variable; how-
ever, it was not identified as a statistically significant risk factor asso-
ciated with serious infections. Results of the univariate analyses are 
shown in Supplementary Table 4, available as Supplementary data 
at ECCO-JCC online.

In the Overall Cohort [N = 1149 patients with available post-
baseline ANC and ALC data], post-baseline confirmed low ANC and 
ALC occurred in 9/1149 [0.8%] and 303/1149 [26.4%] patients, re-
spectively [Supplementary Table 3, available as Supplementary data 
at ECCO-JCC online]. In the analysis of time-varying post-baseline 
covariates, low post-baseline ANC [<1.5 x 109/L; confirmed by two 
consecutive observations] preceding the AE of interest was not sig-
nificantly associated with serious infections (HR [95% CI] 5.54 
[0.75–40.77]), but low post-baseline ALC [<1 x 109/L; confirmed 
by two consecutive observations] preceding the AE of interest was 
significantly associated with serious infections (HR [95% CI] 2.25 
[1.15–4.38]). Time-varying tofacitinib dose and time-varying steroid 
dose were not significantly associated with serious infections.

3.4.  Herpes zoster
In the Induction Cohort, herpes zoster [non-serious and serious] oc-
curred in six [0.6%] patients receiving tofacitinib 10 mg BID, versus 
one [0.4%] patient receiving placebo [Table 4]. In the Maintenance 
Cohort, the IR [95% CI] for herpes zoster [non-serious and serious] 
was highest for tofacitinib 10 mg BID (6.64 [3.19–12.22]), followed 
by tofacitinib 5 mg BID (2.05 [0.42–6.00]) and placebo (0.97 [0.02–
5.42]; Table 4). In the Overall Cohort, 92 herpes zoster [non-serious 
and serious] events occurred in 87 [7.5%] patients, with an IR [95% 
CI] of 3.48 [2.79–4.30] and a median [range] time to onset of 474 
[13–1799] days.

Of the herpes zoster events, 92.1% were non-serious, 92.4% 
had resolved at the time of the data cut-off, and none resulted in 
death. Among patients with herpes zoster [non-serious and serious], 
eight [9.2%] patients discontinued due to herpes zoster; the re-
maining patients either continued tofacitinib treatment (61 [70.1%] 
patients) or temporarily discontinued but resumed treatment after 

the event (18 [20.7%] patients). Among patients with herpes zoster 
events, 67 [72.8%] events were limited to cutaneous involvement 
and ≤2 adjacent dermatomes, four [4.6%] patients had multiple or 
repeated herpes zoster events [three patients had two events, one pa-
tient had three events], and four [4.6%] patients had post-herpetic 
neuralgia.

When the multivariable Cox proportional hazard model was 
applied to the Overall Cohort [tofacitinib all doses], increasing age 
[10-year increments], previous TNFi failure, and lower body weight 
[per kg] were identified as significant risk factors for herpes zoster 
(HR [95% CI] 1.40 [1.21–1.63], 1.76 [1.13–2.74], and 1.02 [1.01–
1.04], respectively). Geographical region was also associated with 
herpes zoster risk: patients in North America had significantly higher 
risk versus Europe (HR [95% CI] 2.14 [1.28–3.59]) and other re-
gions (HR [95% CI] 1.30 [0.72–2.34]), whereas patients in Europe 
had significantly lower risk versus other regions (HR [95% CI] 
0.61 [0.35–1.04]). No other variables analysed [see Supplementary 
Data page 8], including oral corticosteroid use at baseline and 
tofacitinib PD, were identified as significant risk factors. Results of 
the univariate analyses are shown in Supplementary Table 4. In the 
analysis of time-varying post-baseline covariates, none of the fac-
tors evaluated (tofacitinib dose, steroid dose, low post-baseline ANC 
[<1.5 x 109/L], and low post-baseline ALC [<1 x 109/L]) were signifi-
cantly associated with herpes zoster.

3.5.  Opportunistic infections and non-herpes zoster 
viral infections
Adjudicated opportunistic infections other than herpes zoster were 
infrequent in the tofacitinib UC clinical programme [Table  4]. In 
the Induction Cohort, three opportunistic infection events (two 
herpes zoster and one cytomegalovirus [CMV] colitis) occurred in 
three [0.3%] patients, all in the tofacitinib 10  mg BID group. In 
the Maintenance Cohort, IRs [95% CI] for opportunistic infection 
were 0.97 [0.02–5.42; one patient] for placebo, 1.36 [0.16–4.92; 
two patients] for tofacitinib 5 mg BID, and 2.60 [0.71–6.65; four 
patients] for tofacitinib 10 mg BID. All opportunistic infections in 
the Maintenance Cohort were herpes zoster events. The IR [95% CI] 

Table 3. Treatment-emergent infections [all-causality] in the Overall Cohort.

Adverse event, n [%] Tofacitinib all doses  
[N = 1157]

PD tofacitinib 5 mg BID  
[N = 198]

PD tofacitinib 10 mg BID  
[N = 959]

Infections [all] 641 [55.4] 132 [66.7] 509 [53.1]
Dose reduction or temporary discontinuations due to infections 49 [4.2] 10 [5.1] 39 [4.1]
Deaths due to infections 0 [0.0] 0 [0.0] 0 [0.0]
Infections occurring in ≥2% of patients in any treatment group
 Nasopharyngitis 251 [21.7] 56 [28.3] 195 [20.3]
 Upper respiratory tract infection 128 [11.1] 21 [10.6] 107 [11.2]
 Influenza 99 [8.6] 18 [9.1] 81 [8.4]
 Herpes zoster [non-serious and serious] 80 [6.9] 20 [10.1] 60 [6.3]
 Gastroenteritis 76 [6.6] 9 [4.5] 67 [7.0]
 Bronchitis 58 [5.0] 19 [9.6] 39 [4.1]
 Urinary tract infection 57 [4.9] 17 [8.6] 40 [4.2]
 Sinusitis 42 [3.6] 11 [5.6] 31 [3.2]
 Pharyngitis 39 [3.4] 12 [6.1] 27 [2.8]
 Folliculitis 29 [2.5] 6 [3.0] 23 [2.4]
 Oral herpes 29 [2.5] 4 [2.0] 25 [2.6]

Patients are only counted once per treatment for each row. PD groups [the average daily tofacitinib dose levels in the entire UC clinical programme] were based 
on the average total daily dose of tofacitinib during tofacitinib treatment: PD 5 mg BID, an average total daily dose <15 mg; PD 10 mg BID, an average total daily 
dose ≥15 mg.
BID, twice daily; N, total number of patients in the treatment group; n, number of patients with events; PD, predominant dose; UC, ulcerative colitis.

http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjaa233#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjaa233#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjaa233#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjaa233#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjaa233#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjaa233#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjaa233#supplementary-data
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for opportunistic infection in the Overall Cohort [1.07 [0.71–1.55] 
was within the range observed in the Maintenance Cohort [IRs of 
0.97–2.60].

In the Overall Cohort, 29 opportunistic infections occurred in 28 
patients. Non-herpes zoster opportunistic infections (IR [95% CI] 
0.15 [0.04–0.38]; four patients) occurred less frequently than herpes 
zoster opportunistic infections (IR [95% CI] 0.92 [0.59–1.37]; 
24 patients). Non-herpes zoster opportunistic infections included 
CMV hepatitis [one], CMV colitis [one; based on a colonic biopsy 
showing a positive polymerase chain reaction test for CMV], and 
histoplasmosis [with pulmonary involvement; one] in the tofacitinib 
10 mg BID group, and pulmonary mycosis [cryptococcosis; one] in 
the tofacitinib 5 mg BID group. No new cases of Epstein‐Barr virus 
[EBV] were reported; one event of lymphoma in an EBV-positive 

patient was reported in the tofacitinib 10 mg BID group. There was 
no specific clustering of viral infections or viral opportunistic infec-
tions other than herpes zoster.

No TB was reported; one event of suspected active TB was as-
sessed to be an SAE based on the criterion of medically significant 
event, but OIRC review did not confirm it as TB. No progressive 
multifocal leukoencephalopathy [PML] was reported. Among the 
opportunistic infections reported, six were serious, none resulted 
in death, and the median [range] time to onset was 336 [22–1617] 
days. Six [21.4%] patients discontinued due to opportunistic infec-
tions [three due to non-herpes zoster opportunistic infections].

A total of 25 herpes zoster opportunistic infection events were re-
ported in 24 patients [Table 4]. Most herpes zoster opportunistic in-
fections were non-serious [22 events; 88.0%]. Eighteen herpes zoster 

n (%) PYSubgroup
Tofacitinib all doses

<30 years (N = 270)
≥30 to 40 years (N = 311)

≥40 to <50 years (N = 251)
≥50 to <60 years (N = 181)

≥60 years (N = 144)
<65 years (N = 1080)

≥65 years (N = 77)

0 5 10 15

IR (95% Cl)

0 5 10 15

IR (95% Cl)

0 5 10 15

IR (95% Cl)

IR (95% CI)
6 (2.2) 504.82 1.19 (0.44–2.59)

2.23 (1.25–3.67)
1.51 (0.69–2.87)
1.87 (0.85–3.55)
1.51 (0.55–3.29)
1.67 (1.20–2.26)
2.06 (0.56–5.27)

674.06
594.98
481.42
397.02
2457.82
194.48

15 (4.8)
9 (3.6)
9 (5.0)
6 (4.2)
41 (3.8)
4 (5.2)

n (%) PY IR (95% CI)

2 (5.6) 113.63 1.76 (0.21–6.36)
0.69 (0.02–3.83)
1.37 (0.17–4.95)
0.80 (0.02–4.47)
1.37 (0.17–4.95)
0.98 (0.36–2.13)
3.14 (0.38–11.35)

145.60
145.96
124.64
146.00
612.16
63.66

1 (2.2)
2 (4.7)
1 (2.7)
2 (5.6)
6 (3.3)
2 (11.1)

n (%) PY IR (95% CI)
4 (1.7) 391.19 1.02 (0.28–2.62)

2.65 (1.45–4.44)
1.56 (0.63–3.21)
2.24 (0.97–4.42)
1.59 (0.43–4.08)
1.90 (1.32–2.64)
1.53 (0.19–5.52)

528.46
449.02
356.79
251.02
1845.65
130.82

14 (5.3)
7 (3.4)
8 (5.6)
4 (3.7)
35 (3.9)
2 (3.4)

A

Subgroup
Tofacitinib PD 5 mg BID

<30 years (N = 36)
≥30 to <40 years (N = 46)
≥40 to <50 years (N = 43)
≥50 to <60 years (N = 37)

≥60 years (N = 36)
<65 years (N = 180)
≥65 years (N = 18)

Subgroup

Tofacitinib PD 10 mg BID

<30 years (N = 234)
≥30 to 40 years (N = 265)

≥40 to <50 years (N = 208)
≥50 to <60 years (N = 144)

≥60 years (N = 108)
<65 years (N = 900)
≥65 years (N = 59)

B

C

Figure 2. IRs of serious infection by age group in the Overall Cohort for [A] tofacitinib all doses, [B] tofacitinib PD 5 mg BID, and [C] tofacitinib PD 10 mg BID 
groups. PD groups [the average daily tofacitinib dose levels in the entire UC clinical programme] were based on the average total daily dose of tofacitinib 
during tofacitinib treatment: PD 5 mg BID, an average total daily dose <15 mg; PD 10 mg BID, an average total daily dose ≥15 mg. BID, twice daily; CI, confidence 
interval; IR, incidence rate; N, total number of patients in the treatment group; n, number of patients with events; PD, predominant dose; PY, patient-years;  
UC, ulcerative colitis.
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opportunistic infection events were adjudicated as multidermatomal 
herpes zoster [defined as non-adjacent or >2 adjacent dermatomes], 
and seven as disseminated herpes zoster (defined as any of: diffuse 
rash [>6 dermatomes], pneumonia or other non-skin organ involve-
ment (keratitis [one], ophthalmic herpes zoster [one], herpes zoster 
meningitis [encephalitis] [one]); five/seven [71.4%] had resolved at 
the time of data cut-off).

When the multivariable Cox proportional hazard model was 
applied to the Overall Cohort [tofacitinib all doses], diabetes mel-
litus, previous TNFi failure, lower baseline ANC [per 1 x 109/L], and 
lower body weight [per kg] were identified as significant risk fac-
tors for opportunistic infections (HR [95% CI] 5.78 [1.92–17.36], 
2.32 [1.04–5.18], 1.26 [1.03–1.53], and 1.03 [1.00–1.05], respect-
ively). Results of the univariate analyses are shown in Supplementary 
Table 4. In the analysis of time-varying post-baseline covariates, 
none of the factors evaluated (tofacitinib dose, steroid dose, low 
post-baseline ANC [<1.5 x 109/L], and low post-baseline ALC  
[<1 x 109/L]) were significantly associated with opportunistic 
infections.

3.6.  Infections incidence rates over time
In the Overall Cohort, IRs of serious infection were generally stable 
when analysed in 6-month intervals [Figure 3], with the IR [95% 
CI] at > 30  months (1.30 [0.67–2.28]) no higher than that ob-
served in the first 6 months (3.02 [1.69–4.98]) in the tofacitinib all 
doses group.

IRs of herpes zoster in the Overall Cohort remained gener-
ally stable when analysed in 6-month intervals [Figure 4], with an  
IR [95% CI] at >30  months of 2.66 [1.67–4.03] versus 4.46  
[2.79–6.75] in the first 6 months in the tofacitinib all doses group.

Of the 28 patients in the Overall Cohort with opportunistic infec-
tions, 11 developed opportunistic infections in the first 6 months of 
tofacitinib treatment. IRs of opportunistic infection were relatively 
stable over time when analysed in 6-month intervals [Figure 5], with 
an IR [95% CI] at >30  months of 0.67 [0.24–1.45] versus 2.25 
[1.12–4.03] in the first 6 months in the tofacitinib all doses group.

4.  Discussion

We evaluated the rates and risk factors for serious and opportun-
istic infections within the global clinical programme for tofacitinib 
in the treatment of UC. Whereas the incidence of serious infections 
was higher among those using tofacitinib in the Induction Cohort 
versus placebo, rates were low and similar between treatment 
groups in the Maintenance and Overall Cohorts. Herpes zoster 
incidence was numerically higher with tofacitinib 10 versus 5 mg 
BID in the Maintenance Cohort; however, in the Overall Cohort, 
rates were similar between doses. Rates of serious infections, herpes 
zoster, and opportunistic infections did not increase with longer 
tofacitinib exposure. Multivariate modelling identified higher BMI 
and lymphopenia as risk factors for serious infections, and risk fac-
tors for herpes zoster were older age, previous TNFi failure, lower 
body weight, and North American geographical region.

Although serious infections occurred more frequently with 
tofacitinib 10 mg BID than with placebo in the Induction Cohort, 
there was no apparent dose dependency in serious infection risk 
according to frequency or IRs with placebo, tofacitinib 5 mg BID, 
or tofacitinib 10  mg BID in the Maintenance Cohort, and a pre-
vious analysis of the OLE study showed no difference between the 
tofacitinib 5 and 10 mg BID dose groups in the proportion of patients 

with serious infections.21 It is possible that previous treatment with 
other immunosuppressive therapies may have played a role in the 
slight increase in serious infections observed with tofacitinib treat-
ment in the Induction Cohort. There was no increased risk of serious 
infections among older age groups, and IRs of serious infection in 
the Overall Cohort were generally stable across age groups. Analysis 
of IRs over time in 6-month intervals in the Overall Cohort did not 
suggest an increasing risk of serious infections with longer duration 
of tofacitinib treatment.

Obesity has been associated with a higher risk of several types 
of infection in the general population,22 although patients with IBD 
tend to have lower body mass indices versus controls without IBD.23 
Lymphopenia was associated with a significant increase in serious 
infection risk in both the tofacitinib UC clinical programme and 
the tofacitinib rheumatoid arthritis [RA] programme.17 Monitoring 
lymphocyte and neutrophil counts is recommended with tofacitinib 
treatment, with dose adjustments or discontinuation recommended 
for patients with lymphopenia or neutropenia.24

The IR of serious infections reported here for the Maintenance 
Cohort was similar to those reported in UC trials of other therapies, 
including adalimumab at Week 52 [2.2]25 and golimumab at Week 
54 [5.2].26 Furthermore, the IR of serious infections reported here for 
the Overall Cohort was similar to those reported in UC long-term 
extension trials of adalimumab [3.4],25 golimumab [3.2],26 infliximab 
[3.4],27 and vedolizumab [1.8],28 although these comparisons should 
be interpreted with caution due to differences in study design, such 
as whether or not concomitant use of corticosteroids or other ther-
apies was permitted. Corticosteroid tapering was mandatory at the 
beginning of OCTAVE Sustain and OCTAVE Open; therefore, by 
design, most patients in remission would have been steroid-free. 
Remission was achieved at Week 52 of OCTAVE Sustain in 34.3% 
and 40.6% of patients receiving tofacitinib 5 or 10 mg BID, respect-
ively.20 Although IRs from clinical trial data are not directly com-
parable with those from real-world data, the overall incidence of 
serious infections with tofacitinib reported here (IR [95% CI] 1.70 
[1.24–2.27]) is lower [indicated by non-overlapping 95% CI] than 
that determined using data from the Truven MarketScan® health 
care insurance database in the USA for ‘all TNFi’ in patients with UC 
(IR [95% CI] 3.33 [2.73–4.02]).29 The IR of serious infection in the 
tofacitinib UC clinical programme (IR [95% CI] 1.70 [1.24–2.27]) 
was also generally consistent with that in the tofacitinib RA clin-
ical programme (6194 patients; 19 406 PY of tofacitinib exposure; 
IR [95% CI] 2.7 [2.5–3.0]).17 However, it is important to recog-
nise that there are differences between these two programmes that  
extend beyond the patient population and indication, such as use  
of corticosteroids.

Herpes zoster is a known risk for patients with IBD compared 
with the general population. This risk is further increased by treat-
ment with immunosuppressive therapies, including tofacitinib, 
TNFi, and TNFi and thiopurine combination therapy.30 A previously 
published study reported an elevated risk of herpes zoster in patients 
with UC treated with tofacitinib, with increased rates associated with 
older age, Asian race, and previous TNFi failure.15 In the tofacitinib 
UC clinical programme, herpes zoster IR was numerically higher 
with tofacitinib 10 mg versus 5 mg BID in the Maintenance Cohort. 
However, in the Overall Cohort, IRs were similar between doses and 
remained stable over time. Overall herpes zoster incidence was con-
sistent with that reported in the tofacitinib RA clinical programme 
(IR [95% CI] 3.9 [3.6–4.2]), where patients were older and could 
have been receiving background disease-modifying antirheumatic 
drugs or corticosteroids.17 A dose-dependent risk of herpes zoster has 

http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjaa233#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjaa233#supplementary-data
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Figure 3. IRs of serious infection by time intervals in the Overall Cohort for [A] tofacitinib all doses, [B] tofacitinib PD 5 mg BID, and [C] tofacitinib PD 10 mg 
BID groups. PD groups [the average daily tofacitinib dose levels in the entire UC clinical programme] were based on the average total daily dose of tofacitinib 
during tofacitinib treatment: PD 5 mg BID, an average total daily dose <15 mg; PD 10 mg BID, an average total daily dose ≥15 mg. BID, twice daily; CI, confidence 
interval; IR, incidence rate; N, total number of patients in the treatment group; n, number of patients with events; PD, predominant dose; UC, ulcerative colitis.
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been reported with baricitinib in RA [IR 3.2],31 as well as with other 
JAK inhibitors in development, such as upadacitinib [IR 3.7–7.0].32 
Similar to the experience reported for herpes zoster with tofacitinib 
in other indications,16–18 most herpes zoster events were restricted 
to one or two adjacent dermatomes. Post-herpetic neuralgia is a 
recognised complication of herpes zoster in immunocomprom-
ised patients33 and was reported in 4.6% of patients with herpes 
zoster in the tofacitinib UC clinical programme. This is consistent 
with proportions reported in the tofacitinib RA clinical programme 
[7.4%]34 and is consistent with the range reported for the general 
population [5–15%].35 Most patients were able to either continue 
tofacitinib or resume treatment after resolution. Detailed analysis 
of herpes zoster among patients with UC has been previously pub-
lished, evaluating treatment with tofacitinib for up to 3.9  years.15 
The analysis herein adds to this previous report in that IRs were 
examined among patients with UC with up to 6.8 years of tofacitinib 
treatment, demonstrating that the herpes zoster IR in the Overall 
Cohort in the current analysis is consistent with the herpes zoster IR 
in the previously published study, and therefore remained stable with 
longer tofacitinib exposure.

We identified several important risk factors for herpes zoster in 
the tofacitinib UC clinical programme, including older age, previous 
TNFi failure, lower body weight, and North American geograph-
ical region. Older age is associated with an increased risk of herpes 
zoster both in the general population2,36 and in patients with IBD,5 
and the risk factors identified here are consistent with findings from 
the RA and psoriasis programmes, where similar risk factors were 
identified, with the exception of baseline corticosteroid use and 
Asian race, which did not reach statistical significance in our mod-
elling.13,37 However, a previous study in tofacitinib-treated patients 
with UC identified Asian race to be associated with increased risk for 
herpes zoster.15 North American geographical region as a risk factor 
for herpes zoster has not previously been reported; however, it is pos-
sible that geographical differences in vaccination recommendations 
and uptake may contribute to herpes zoster risk. Further studies 
evaluating herpes zoster IR and vaccination rates in different regions 
could advance our understanding of this. Given that higher BMI was 
identified as a risk factor for serious infection, the identification of 
lower body weight as a risk factor for herpes zoster was interesting. 
Lower BMI may be an indicator of more severe UC,23 and in turn, 
IBD is a known risk factor for herpes zoster, independent of treat-
ment.38 Therefore, patients with UC with lower body weight may 
have more severe disease and potentially be at a greater risk for herpes 
zoster. The association was very weak, however (HR [95% CI] 1.02 
[1.01–1.04]), and unlikely to be clinically significant. Further studies 
are needed to understand this association. The use of immunosup-
pressive therapies such as corticosteroids, thiopurines, and TNFi, are 
well established and important risk factors for herpes zoster in this 
and other settings,15,39–42 and reduction or elimination of cortico-
steroids remains an important risk reduction tool for herpes zoster. 
Findings from the Phase 3 tofacitinib RA studies showed a numer-
ically lower herpes zoster risk among patients receiving tofacitinib 
monotherapy, compared with those receiving tofacitinib in combin-
ation with corticosteroids and/or disease-modifying antirheumatic 
drugs; therefore, elimination of concomitant therapies may enable 
reduction of herpes zoster risk.34 

Further, herpes zoster is theoretically preventable with vaccination, 
and guidance on the management and prevention of herpes zoster in 
such patients has recently been published.30 For example, one op-
tion to reduce herpes zoster risk in susceptible patients is vaccination 
with the newly developed non-live herpes zoster vaccine, Shingrix 

[zoster vaccine recombinant, adjuvanted; GlaxoSmithKline]43; how-
ever, there are currently limited published data on the safety of this 
adjuvanted vaccine or its effectiveness in patients with immune-
mediated inflammatory diseases such as UC,44 or in patients receiving 
tofacitinib. The live vaccine, Zostavax (shingles [herpes zoster] vac-
cine live; MSD), also remains an option and appeared to be safe and 
adequately immunogenic in a study of patients with RA, when given 
2–3 weeks before starting tofacitinib.45 Current vaccination guide-
lines for immunosuppressive agents recommend that the vaccine be 
given 4 weeks before starting biologics or JAK inhibitors46; use of live 
vaccines concurrently with tofacitinib is not recommended.24

Opportunistic infection risk in patients with IBD is increased by 
the use of corticosteroids, thiopurines, and TNFi agents individu-
ally, and particularly in combination therapy.4 Non-herpes zoster 
opportunistic infections were rare in the tofacitinib UC clinical pro-
gramme, and longer tofacitinib exposure was not associated with 
increased opportunistic infection risk [based on a comparison be-
tween the Maintenance and Overall Cohorts, and analysis of IRs 
over time in 6-month intervals]. Neutropenia and diabetes mellitus 
were identified as significant risk factors for opportunistic infections 
in the current tofacitinib UC clinical programme. In the tofacitinib 
RA clinical programme, no patient with confirmed neutropenia de-
veloped a serious infection within 30 days of the lowest neutrophil 
count,47 whereas diabetes was identified as a significant risk factor 
for serious infections.48

Viral opportunistic infections, including the reactivation of  latent 
viruses,49 have been reported in patients receiving tofacitinib for RA; 
these include CMV and disseminated or multidermatomal herpes 
zoster.14 Furthermore, patients with IBD have an increased risk of 
viral infections and reactivation of latent viruses compared with 
the general population, with some therapies further increasing that 
risk.41,42,50 No EBV infections occurred in the tofacitinib UC clinical 
programme. Two CMV cases occurred in the tofacitinib UC clin-
ical programme, including one case reported following the protocol-
specified endoscopy at Week 8 of induction therapy in a patient with 
previous history of CMV infection based on colonic biopsy, and one 
case of CMV hepatitis. There was no specific clustering of primary 
viral infections or viral opportunistic infections other than herpes 
zoster, which is the result of viral reactivation. No cases of PML were 
reported in this or any other tofacitinib clinical programme16–18,47 
or in any post-marketing data to date.49,51 In the context of the cur-
rent SARS-CoV-2 pandemic, several organisations are attempting 
to understand the effect of COVID-19 on the IBD population. 
The Surveillance Epidemiology of Coronavirus Under Research 
Exclusion for Inflammatory Bowel Disease [SECURE-IBD] database 
is an international registry set up to monitor outcomes of COVID-
19 in patients with IBD. Current data reported on the SECURE-IBD 
registry suggest that JAK inhibitors are unlikely to increase the risk 
of COVID-19 infection or negative outcomes [intensive care unit  
admission, ventilation, or death]; however, patient numbers are 
low and further studies are required to fully understand the risk.52 
Expert guidance from the International Organization for the Study 
of Inflammatory Bowel Diseases and American Gastroenterological 
Association states that discontinuation of tofacitinib is not recom-
mended to prevent infection with SARS-CoV-2, although it is re-
commended in patients who develop COVID-19 and/or test positive 
for the virus until infection resolves or the test is negative.53,54 Per 
product labelling, if a serious infection develops, treatment with 
tofacitinib should be interrupted until the infection is controlled.24

An important limitation of these analyses is the small size of the 
patient population in the tofacitinib UC clinical programme. The 
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multivariable analysis may have been limited by the low number of 
patients with serious infection, herpes zoster, or opportunistic infec-
tion events in the Overall Cohort, potentially impacting on the ability 
to draw robust conclusions. Evaluation of safety data stratified by age 
is limited by the sample size within certain age groups. Comparing 
data from patients <65 years old with patients ≥65 years old is chal-
lenging due to the small sample size of patients in the ≥65 years age 
group, although the ≥60 years age group was a similar size to the 
younger age groups. Furthermore, evaluation of tofacitinib dose de-
pendency in the UC clinical programme is limited by several factors. 
The protocol requirement for patients who developed serious infec-
tions to discontinue meant that healthier patients, or those less prone 
to infection, remained in the study at later time points. Patients in the 
OLE study were not randomised to treatment, but were allocated to 
receive tofacitinib 5 or 10 mg BID based on their remission status in 
the induction or maintenance studies, leading to a higher proportion 
of patients receiving tofacitinib 10 mg BID. Furthermore, the use of 
PD in the OLE study analyses did not consider the actual dose at the 
time of the event.

The safety data for tofacitinib in UC presented here complement 
the safety data established by the tofacitinib programmes for RA,17,47 
psoriatic arthritis,18,55 and psoriasis,16,56 although variation in the 
intrinsic infection risk in patients with these conditions may limit 
comparisons between programmes. Whereas IRs in the tofacitinib 
UC clinical programme were based on relatively few events observed 
in 1157 patients with a treatment duration up to 6.8  years, pub-
lished analyses from the RA and psoriasis programmes have studied 
larger numbers of patients with longer exposure.16,17 Across all 
programmes, in general, tofacitinib carried risks of infections and 
opportunistic infections similar to those associated with biologic 
therapies used in those indications,17,47,56,57 with the exception of 
herpes zoster17,47,58,59 which is already identified as an increased risk 
observed with tofacitinib and other JAK inhibitors,49 in addition to 
TNFi and thiopurines.30,42

In summary, we have evaluated the risk of infection among pa-
tients with UC using tofacitinib in the global UC clinical programme. 
Our study found that although serious infections occurred in a 
higher proportion of patients receiving tofacitinib 10 mg BID versus 
placebo during induction, overall, serious infections were generally 
infrequent in patients treated with tofacitinib 5 or 10 mg BID, with 
no dose dependency or treatment duration effect. In the tofacitinib 
UC clinical programme, herpes zoster IR was numerically higher 
with tofacitinib 10 versus 5  mg BID in the Maintenance Cohort. 
However, over time in the Overall Cohort, IRs were similar between 
doses and remained stable. Non-herpes zoster opportunistic infec-
tions and viral infections occurred infrequently. Subsequent studies 
offering controlled comparisons between therapies for UC may fur-
ther the understanding of infection risk with tofacitinib in patients 
with UC.
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