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Abstract 
Background and Aims: Tofacitinib is an oral small molecule Janus kinase [JAK] inhibitor for the treatment of ulcerative colitis. We report an in-
tegrated summary of tofacitinib safety [exposure: ≤7.8 years] from the global clinical programme.
Methods: Patients receiving tofacitinib 5 or 10 mg twice daily [BID] from completed phase [P]2/3 placebo-controlled studies, an open-label, 
long-term extension study [final data cut-off: August 24, 2020], and interim analysis of a P3b/4 study (interim data cut-off: February 20, 2020; 
Overall plus P3b/4 [2020] Cohort) were included. Proportions with adverse events [AEs] and serious AEs, and incidence rates [IRs; unique pa-
tients with events/100 patient-years] for deaths and AEs of special interest [AESI] were evaluated. Opportunistic infections, malignancies, major 
adverse cardiovascular events [MACE] and gastrointestinal perforations were adjudicated.
Results: In total, 1157 patients received one or more dose of tofacitinib (mean duration: 946.9 days); 955/1157 [83%] received a predominant 
dose of 10 mg BID; 412/1157 [35.6%] received tofacitinib for >4 years; 992/1157 [85.7%] had AEs, 244/1157 [21.1%] had serious AEs and 
134/1157 (11.6%) discontinued use due to AEs. IRs [95% confidence intervals] for all tofacitinib doses were: deaths, 0.23 [0.09–0.46]; serious 
infections, 1.69 [1.26–2.21]; herpes zoster [non-serious and serious], 3.30 [2.67–4.04]; opportunistic infections, 1.03 [0.70–1.46]; malignancies 
(excluding non-melanoma skin cancer [NMSC]), 0.84 [0.55–1.24]; NMSC, 0.73 [0.45–1.10]; MACE, 0.29 [0.13–0.55]; deep vein thrombosis, 0.03 
[0.00–0.18]; pulmonary embolism, 0.19 [0.07–0.42]; gastrointestinal perforations, 0.10 [0.02–0.28].
Conclusions: AESI IRs were stable to 7.8 years and generally <2.0 in the Overall plus P3b/4 [2020] Cohort, with the exception of herpes zoster [a 
known risk of tofacitinib treatment]. ClinicalTrials.gov:NCT00787202;NCT01465763;NCT01458951;NCT01458574;NCT01470612;NCT03281304
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Graphical Abstract 
Tofacitinib for the treatment of ulcerative colitis: an integrated summary of

up to 7.8 years of safety data from the global clinical program

The Overall plus P3b/4 (2020) cohort included 1157 patients with UC receiving tofacitinib 5 or 10 mg BID from
completed P2/3 placebo-controlled studies, an open-label, long-term extension study (�nal data cut-off; August 24,
2020), and an interim analysis of a P3b/4 study (interim data cut-off: February 20, 2020)
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1. Introduction
Tofacitinib is an oral, small molecule Janus kinase [JAK] 
inhibitor for the treatment of ulcerative colitis [UC]. The 
efficacy and safety of tofacitinib for the treatment of mod-
erately to severely active UC were evaluated previously in 
a phase 2 induction study,1 two identical phase 3 induc-
tion studies [OCTAVE Induction 1 and 2],2 and a phase 
3 maintenance study [OCTAVE Sustain],2 and have been 
further evaluated in an open-label, long-term extension 
[OLE] study [OCTAVE Open]3 and a phase 3b/4 study 
[RIVETING].4

Assessment of long-term safety is important to further char-
acterize the safety profile of medicines for long-term use, and 
treatment with immunomodulators can result in adverse events 
[AEs] of special interest with a long latency period, such as ma-
lignancies or cardiovascular [CV] complications.5,6 Therefore, 
evaluation of the long-term safety profile of tofacitinib in pa-
tients with UC is important. Previously, an analysis of data 
pooled from phase 2/3/OLE studies in the tofacitinib UC clin-
ical programme was carried out, which included data with 
up to 4.4  years (1612.8 patient-years [PY]) of exposure.7 
Except for a higher incidence of herpes zoster [HZ] infection, 
the safety profile of tofacitinib in patients with UC appeared 
similar to that reported for other UC therapies.8 Since the pre-
vious analysis, data for a substantial number of additional 
PY of tofacitinib exposure have been accrued, including final 
data from the completed OLE OCTAVE Open study and the 
6-month interim analysis of the phase 3b/4 RIVETING study. 
Here, we report an updated integrated summary of tofacitinib 
safety using cumulative experience throughout the global 
tofacitinib UC clinical programme to date with up to 7.8 years 
[2999.7 PY] of tofacitinib treatment exposure, which includes 
an additional 3.4 years of observation and 1386.9 PY of ex-
posure, compared with the previous analysis.7

2. Methods
2.1  Patient populations and study designs
Data were pooled from patients with UC in the global 
tofacitinib UC clinical programme, which included an 8-week, 
phase 2 induction study [NCT00787202],1 two identical, 
8-week, phase 3 induction studies [OCTAVE Induction 1 and 
2; NCT01465763 and NCT01458951],2 a 52-week, phase 
3 maintenance study [OCTAVE Sustain; NCT01458574],2 
an OLE study [OCTAVE Open; NCT01470612]3 and a 
phase 3b/4 study [RIVETING; NCT03281304].4 Full de-
sign details of all studies have been published previously,1–4,7 
and are summarised in the Supplementary Methods and 
Supplementary Figure 1.

2.2  Analysis cohorts
Safety data were analysed for the Overall plus P3b/4 [2020] 
Cohort, which comprised all patients who received one or 
more dose of tofacitinib 5 or 10 mg twice daily [BID] in any 
phase 2/3/OLE or phase 3b/4 study, and includes final data 
from OCTAVE Open [final data cut-off: August 24, 2020], 
plus data from the 6-month interim analysis of the RIVETING 
study [interim data cut-off: February 20, 2020; total tofacitinib 
exposure ≤7.8 years; Supplementary Figure 1].

For contextualisation of data in the Overall plus P3b/4 
[2020] Cohort, data from three cohorts included in a previous 

integrated analysis (Induction Cohort, Maintenance Cohort, 
and Overall Cohort, which included data from OCTAVE 
Open as of December 16, 2016; total tofacitinib exposure 
≤4.4  years; hereafter defined as the Overall [Dec 2016] 
Cohort) are also shown, as defined in the Supplementary 
Methods.7

2.3  Assessment of safety
The proportions of patients with AEs, serious AEs and dis-
continuations due to AEs were calculated for patients in 
all cohorts. Serious AEs are defined in the Supplementary 
Methods. AEs of special interest included serious infections, 
HZ [non-serious and serious], opportunistic infections, ma-
lignancies (excluding non-melanoma skin cancer [NMSC]), 
NMSC, major adverse CV events [MACE], venous thrombo-
embolic events (VTEs; including deep vein thrombosis [DVT] 
and pulmonary embolism [PE]) and gastrointestinal [GI] per-
forations. Potential opportunistic infections, malignancies, 
MACE, VTEs and GI perforations were reviewed by blinded 
independent adjudication committees. Patients with a serious 
infection [defined as an infection that met the criteria to be 
classified as a serious AE, or that required parenteral anti-
microbial therapy or hospitalisation] were required to discon-
tinue the studies [with appropriate follow-up]. Disseminated 
or multidermatomal HZ events were considered to be 
HZ-opportunistic infections. Additional details can be found 
in the Supplementary Methods.

The proportions of patients in the Overall plus P3b/4 
[2020] Cohort receiving lipid-lowering agents at baseline 
were reported, along with the proportions who began re-
ceiving lipid-lowering agents or had an increase in their dose 
of lipid-lowering agents during the programme. The propor-
tions of patients and incidence rates (IRs; 95% confidence 
intervals [CIs]) were calculated for creatine kinase elevation, 
anaemia, lymphopaenia, neutropaenia, acute renal failure and 
rhabdomyolysis [defined in the Supplementary Methods].

2.4  Statistical analyses
Baseline demographics and disease characteristics were 
summarised descriptively for all cohorts. As doses could 
be switched across studies and during OCTAVE Open and 
RIVETING, tofacitinib doses in the Overall [Dec 2016] and 
Overall plus P3b/4 [2020] Cohorts were categorised based 
on the average daily dose of tofacitinib received: a predom-
inant dose [PD] of tofacitinib 5 mg BID was defined as an 
average total daily dose of tofacitinib <15 mg, and a PD of 
tofacitinib 10 mg BID was defined as an average total daily 
dose of tofacitinib ≥15 mg.

For all cohorts, proportions and IRs [unique patients with 
events per 100 PY of exposure] along with 95% CIs were cal-
culated for deaths and AEs of special interest. For deaths, ma-
lignancies [excluding NMSC], NMSC and MACE, calculation 
of IRs included all events; for other AEs of special interest, 
events occurring >28 days after the last dose of study treat-
ment were not included in the calculation of IRs. Additional 
details are described in the Supplementary Methods.

Cox proportional regression models were used to assess the 
association of demographic and clinical factors with the risk 
of AEs of special interest. Models were applied to the Overall 
plus P3b/4 [2020] Cohort and excluded any time periods and 
events experienced while receiving placebo. If multiple con-
tinuous covariates were highly correlated, then only one was 

http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjac141#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjac141#supplementary-data


340 W. J. Sandborn et al.

retained in the model to avoid problems with collinearity. The 
modelling approach for baseline characteristics was first ap-
plied to univariate models to identify individual risk factors 
with a statistically 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. No adjustment of p values was made 
for multiple comparisons. Additional details of the Cox pro-
portional regression models, including all covariates, are de-
scribed in the Supplementary Methods.

2.5  Ethical statement
All studies were conducted in accordance with the Declaration 
of Helsinki, International Council on Harmonization 
Guidelines for Good Clinical Practice and local regulations. 
Participating institutions provided Institutional Review Board 
approval prior to participation. All patients provided written 
informed consent.

3. Results
3.1  Patient demographics and baseline disease 
characteristics
Patient demographics and disease characteristics were gen-
erally similar among the treatment groups in each cohort 
[Table 1]. In total, 1157 patients receiving one or more dose 
of tofacitinib 5 or 10 mg BID were included in this analysis; 
955/1157 [82.5%] patients received PD tofacitinib 10 mg BID 
[total exposure: 783.1 and 2216.6 PY with PD tofacitinib 
5 and 10 mg BID, respectively]; 412/1157 [35.6%] patients 
had received tofacitinib for >4 years [Supplementary Table 1]. 
Total tofacitinib exposure was 2999.7 PY for all patients re-
ceiving tofacitinib in the Overall plus P3b/4 [2020] Cohort. 
Across cohorts and treatment groups, the majority of patients 
were male, White, aged <65  years, had a body mass index 
[BMI] <25 kg/m2 and had never smoked; mean disease dur-
ation ranged from 8.2 to 8.8 years, and the majority of pa-
tients had previously received immunosuppressants. Across 
treatment groups and cohorts, 40.6–51.0% of patients were 
receiving corticosteroids at baseline, and 41.6–54.1% had 
prior tumour necrosis factor inhibitor [TNFi] failure [Table 1].

3.2  Incidence of AEs and serious AEs in the 
tofacitinib UC clinical programme, by cohort
In the Induction and Maintenance Cohorts, the proportions 
of patients with AEs, serious AEs and discontinuations due to 
AEs were generally similar across treatment groups.

In the Overall [Dec 2016] Cohort, there were a total of 
950/1157 [82.1%] patients with AEs and 169/1157 [14.6%] 
with serious AEs [Table 2]. In the Overall plus P3b/4 [2020] 
Cohort, 992/1157 [85.7%] and 244/1157 [21.1%] patients 
receiving tofacitinib experienced AEs and serious AEs, respect-
ively. The most frequently reported AE was worsening UC 
[all tofacitinib doses, 26.5%], followed by nasopharyngitis 
[all tofacitinib doses, 22.0%; Table 2]. The most frequently 
occurring serious AE reported in all cohorts was worsening UC.

3.3  Incidence of deaths in the tofacitinib UC 
clinical programme, by cohort
Deaths in the Induction and Maintenance Cohorts are 
shown in Figure 1A. In total, four deaths were reported in 
the Overall [Dec 2016] Cohort [IR 0.24, 95% CI 0.07–0.61], 
and seven deaths were reported in the Overall plus P3b/4 

[2020] Cohort [IR 0.23, 95% CI 0.09–0.46]; Figure 1A]. 
Of these, one patient who had been receiving tofacitinib 
10  mg BID experienced cardiac arrest on Day 1725; this 
patient also had malignant lung cancer. Six deaths occurred 
in patients receiving PD tofacitinib 10 mg BID (one case of 
aortic dissection after 31 days of treatment; one case of hep-
atic angiosarcoma after 187 days of treatment; one case of 
acute myeloid leukaemia after 347  days of treatment; one 
case of PE after 378 days of treatment [this patient also had 
cholangiocarcinoma metastasised to the peritoneum]; one 
case of malignant melanoma after 1359 days of treatment; 
and one case of metastatic adenocarcinoma after 2124 days 
of treatment).

3.4  Incidence of serious infections in the 
tofacitinib UC clinical programme, by cohort
Serious infections in the Induction and Maintenance Cohorts 
are shown in Figure 1B. IRs for serious infections with all 
tofacitinib doses were 1.99 [95% CI 1.37–2.79] in the 
Overall [Dec 2016] Cohort and 1.69 [95% CI 1.26–2.21] in 
the Overall plus P3b/4 [2020] Cohort [Figure 1B]. In total, 
serious infections were reported in 52 patients in the Overall 
plus P3b/4 [2020] Cohort; 10/52 and 42/52 serious infections 
occurred in patients receiving PD tofacitinib 5 and 10  mg 
BID, respectively. In the Overall plus P3b/4 [2020] Cohort, 
the following serious infection event terms were reported 
more than once: serious HZ [eight events; reported in seven 
patients], anal abscess [four events; reported in four patients], 
appendicitis [three events; reported in three patients], upper 
respiratory tract infection [three events; reported in three pa-
tients], urinary tract infection [three events; reported in three 
patients], Clostridioides difficile infection [two events; re-
ported in two patients] and influenza [two events; reported in 
two patients]. No serious infections resulted in death.

The results of univariate analyses of risk factors for ser-
ious infections in the Overall plus P3b/4 [2020] Cohort 
are shown in Supplementary Table 2. Higher BMI was as-
sociated with an increased risk of serious infections in the 
Overall plus P3b/4 [2020] Cohort in multivariable analysis 
[Supplementary Figure 2A].

3.5  Incidence of HZ in the tofacitinib UC clinical 
programme, by cohort
The incidence of HZ [non-serious and serious] in all cohorts 
has been reported previously.7,9 HZ rates in the Induction 
and Maintenance Cohorts are shown in Figure 1C. IR for 
HZ in the Overall [Dec 2016] Cohort was 4.07 [95% CI 
3.14–5.19]. In the Overall plus P3b/4 [2020] Cohort, HZ was 
reported in 95 patients [22/95 and 73/95 in patients receiving 
PD tofacitinib 5 and 10 mg BID, respectively]; the overall IR 
for HZ was 3.30 [95% CI 2.67–4.04; Figure 1C]. In total, 
seven [0.6%] patients had serious HZ infection [of whom one 
patient was receiving PD tofacitinib 5 mg BID, and six pa-
tients were receiving PD tofacitinib 10 mg BID].

A previous analysis of risk factors for HZ, using data from the 
Overall plus P3b/4 [2020] Cohort, identified older age, lower 
body weight, geographical region [North America vs Europe] 
and prior TNFi failure as significant risk factors for HZ.9

3.6  Incidence of opportunistic infections in the 
tofacitinib UC clinical programme, by cohort
Opportunistic infections in the Induction and Maintenance 
Cohorts are detailed in Figure 1D. IRs for opportunistic 

http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjac141#supplementary-data
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Figure 1. Incidence of [A] deaths,a [B] serious infections,b,c [C] HZ [non-serious and serious],b [D] opportunistic infections,b,d,e and [E] HZ opportunistic 
infections,b,d by cohort.aFor the Induction and Maintenance Cohorts, events that occurred >28 days after the last dose of the study drug were excluded; 
for the Overall [Dec 2016] and Overall plus P3b/4 [2020] Cohorts, all events, including those outside the 28-day risk period, were included.bEvents 
that occurred >28 days after the last dose of the study drug were excluded.cDefined as any infection AE that requires hospitalization or parenteral 
antimicrobials, or meets other criteria that require the infection to be classified as a serious AE.dAdjudicated events; for the Overall plus P3b/4 
[2020] Cohort, N = 922 and N = 1124 for the PD tofacitinib 10 mg BID and tofacitinib all groups, respectively [excludes phase 2 study data, as the 
phase 2 induction study took place prior to the establishment of the adjudication committees].eExcludes tuberculosis and HZ with two adjacent 
dermatomes.fIncludes data previously reported by Sandborn et al.7; the previously reported Overall [Dec 2016] Cohort included data from OCTAVE Open 
up to December 2016 [≤4.4 years of exposure].gThe Overall plus P3b/4 [2020] Cohort includes final data from OCTAVE Open [final data cut-off: August 
24, 2020], and data from RIVETING [interim data cut-off: February 20, 2020; ≤7.8 years of exposure].hIncludes data previously reported by Winthrop  
et al.10iIncludes data previously reported by Winthrop et al.9AE, adverse event; BID, twice daily; CI, confidence interval; HZ, herpes zoster; IR, incidence 
rate [unique patients with events/100 PY of exposure]; N, number of patients treated in the treatment group; n, number of unique patients with a 
particular AE; PD, predominant dose; PY, patient-years.
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infections with all tofacitinib doses were 1.28 [95% CI 
0.79–1.96] in the Overall [Dec 2016] Cohort and 1.03 [95% 
CI 0.70–1.46; Figure 1D] in the Overall plus P3b/4 [2020] 
Cohort. In the Overall plus P3b/4 [2020] Cohort, opportun-
istic infections were reported in 31 patients, 23 of whom were 
receiving PD tofacitinib 10  mg BID. In total, 26 of the 31 
opportunistic infections were HZ [IR 0.86, 95% CI 0.56–
1.26; Figure 1E]. Non-HZ opportunistic infections included 
one case of pulmonary mycosis in a patient receiving PD 
tofacitinib 5 mg BID, and two cases of cytomegalovirus in-
fection [one case of cytomegalovirus hepatitis and one case 
of histoplasmosis] in patients receiving PD tofacitinib 10 mg 
BID.

The results of univariate analyses of risk factors for oppor-
tunistic infections in the Overall plus P3b/4 [2020] Cohort are 
shown in Supplementary Table 3. Lower body weight, lower 
baseline absolute neutrophil count [ANC], history of diabetes 
and prior TNFi failure were significant risk factors for oppor-
tunistic infections in multivariable analysis [Supplementary 
Figure 2B].

3.7  Incidence of malignancies in the tofacitinib 
UC clinical programme, by cohort
Malignancies [excluding NMSC] and NMSC in the Induction 
and Maintenance Cohorts are detailed in Figure 2A and B, 
respectively. Malignancies [excluding NMSC] were reported 
in eight [0.7%] patients in the Overall [Dec 2016] Cohort [IR 
0.48, 95% CI 0.21–0.95] and 26 [2.3%] patients in the Overall 
plus P3b/4 [2020] Cohort [IR 0.84, 95% CI 0.55–1.24; Figure 
2A]. In total, 21 of the 26 patients who experienced malig-
nancies [excluding NMSC] in the Overall plus P3b/4 [2020] 
Cohort were receiving PD tofacitinib 10 mg BID. The most 
frequently reported malignancy [excluding NMSC] was colo-
rectal cancer, which occurred in four patients—all were re-
ceiving PD tofacitinib 10 mg BID [Supplementary Table 4]; the 
duration of UC was ≥10 years for three of the four patients. 
Other malignancies [excluding NMSC] included one case each 
of acute myeloid leukaemia, Bowen’s disease, diffuse large B-cell 
lymphoma, Epstein-Barr virus-associated lymphoma, essential 
thrombocythaemia, hepatic angiosarcoma, leiomyosarcoma, 
oesophageal adenocarcinoma, renal cell carcinoma, penile 
dysplasia and vulvar cancer; two cases of cervical dysplasia, 
cholangiocarcinoma, lung cancer and malignant melanoma; 
and three cases of breast cancer. Additional details of malig-
nancy events and incidence in the Overall plus P3b/4 [2020] 
Cohort are shown in Supplementary Table 4.

NMSC was reported in 11 patients in the Overall [Dec 
2016] Cohort [IR 0.67, 95% CI 0.33–1.19], and 22 pa-
tients in the Overall plus P3b/4 [2020] Cohort [IR 0.73, 95% 
0.45–1.10; Figure 2B]. Of the 22 patients with NMSC, five 
and 17 were receiving PD tofacitinib 5 and 10 mg BID, re-
spectively. There were 16 patients with basal cell carcinoma 
[four patients receiving PD tofacitinib 5 mg BID; 12 patients 
receiving PD tofacitinib 10  mg BID], and 11 patients with 
squamous cell carcinoma [two patients receiving tofacitinib 
5  mg BID; nine patients receiving tofacitinib 10  mg BID] 
[Supplementary Table 4]. Five patients experienced both basal 
cell carcinoma and squamous cell carcinoma [one patient re-
ceiving PD tofacitinib 5 mg BID and four patients receiving 
PD tofacitinib 10 mg BID].

The results of univariate analyses of risk factors for malig-
nancies [excluding NMSC] and NMSC in the Overall plus 
P3b/4 [2020] Cohort are shown in Supplementary Tables 5 

and 6, respectively. In multivariable analysis, disease duration 
and history of NMSC were significant risk factors for malig-
nancies [excluding NMSC] [Supplementary Figure 2C], and 
older age and history of NMSC were significant risk factors 
for NMSC [Supplementary Figure 2D].

3.8  Incidence of MACE in the tofacitinib UC 
clinical programme, by cohort
MACE in the Induction and Maintenance Cohorts are detailed 
in Figure 2C. There were four and nine patients with MACE 
in the Overall [Dec 2016] and Overall plus P3b/4 [2020] 
Cohorts, respectively. IRs for MACE with all tofacitinib 
doses were 0.24 [95% CI 0.07–0.62] in the Overall [Dec 
2016] Cohort and 0.29 [95% CI 0.13–0.55] in the Overall 
plus P3b/4 [2020] Cohort [Figure 2C]. Additional details of 
MACE incidence in the Overall plus P3b/4 [2020] Cohort 
are shown in Supplementary Tables 7 and 8. MACE in the 
Overall plus P3b/4 [2020] Cohort included one case of acute 
coronary syndrome, one case of acute myocardial infarction, 
one case of cerebellar haemorrhage, one case of myocardial 
infarction and one case of cerebrovascular accident [patients 
receiving tofacitinib 5 mg BID at the time of the event]; and 
one case of haemorrhagic stroke, one case of aortic dissection, 
one case of cardiac arrest and one case of cerebrovascular 
accident [patients receiving tofacitinib 10 mg BID at the time 
of the event]. All patients who experienced MACE had CV 
risk factors [four patients were smokers or ex-smokers; two 
patients had a BMI > 30 kg/m2; eight patients had a medical 
history of CV events; Supplementary Table 8].

The results of univariate analyses of risk factors for 
MACE in the Overall plus P3b/4 [2020] Cohort are shown 
in Supplementary Table 9. Older age was a significant risk 
factor for MACE in multivariable analysis [Supplementary 
Figure 2E].

In the Overall plus P3b/4 [2020] Cohort, 74 [6.4%] pa-
tients were receiving lipid-lowering agents at baseline; 90 
[7.8%] patients began receiving lipid-lowering agents, and 22 
[1.9%] patients had an increase in their dose of lipid-lowering 
agents [Supplementary Table 10].

3.9  Incidence of VTEs in the tofacitinib UC clinical 
programme, by cohort
DVT and PE in the Induction and Maintenance Cohorts are 
detailed in Figure 2D and E, respectively. In the Overall [Dec 
2016] Cohort, with all tofacitinib doses, there were no pa-
tients with DVT and four [0.3%] patients with PE [IR 0.28, 
95% CI 0.08–0.72]. In the Overall plus P3b/4 [2020] Cohort, 
with all tofacitinib doses, there was one patient with DVT 
[IR 0.03, 95% CI 0.00–0.18] and six patients with PE [IR 
0.19, 95% CI 0.07–0.42]; all were receiving tofacitinib 
10 mg BID [Figure 2D and E]. Additional details of thrombo-
embolic events and incidence in the Overall plus P3b/4 [2020] 
Cohort are shown in Supplementary Tables 11 and 12. The 
patient with DVT was diagnosed following a long-haul 
flight and had been treated for an infected leg wound sus-
tained in a recent motorcycle accident. Patients with PE had 
the following notable medical history: one patient had a 
history of prior DVT and PE; one patient had a history of 
phlebothrombosis and stroke; one patient was receiving oral 
contraceptives for dysfunctional uterine bleeding; one patient 
had cholangiocarcinoma and metastases to the peritoneum 
[PE was the cause of death]; and two patients had no prior 
risk factors for PE.
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Figure 2 Incidence of [A] malignancies [excluding NMSC],a,b,c [B] NMSC,a,b,c [C] MACE,a,b,c [D] DVT,d,e [E] PEd,e and [F] GI perforations,b,c,d,f by cohort.aFor 
the Maintenance Cohort, events that occurred >28 days after the last dose of the study drug were excluded; for the Overall [Dec 2016] and Overall plus 
P3b/4 [2020] Cohort, all events, including those outside the 28-day risk period, were included.bAdjudicated events.cFor the Overall plus P3b/4 [2020] 
Cohort, N = 922 and N = 1124 for the PD tofacitinib 10 mg BID and tofacitinib all groups, respectively [excludes phase 2 study data, as the phase 2 
induction study took place prior to the establishment of the adjudication committees].dEvents that occurred >28 days after the last dose of the study 
drug were excluded.eVTEs included adjudicated events from OCTAVE Open and RIVETING plus selected events from phase 2/3 studies from the 
Narrow Standardized MedDRA query for embolic and thrombotic events.fGI perforation excludes preferred terms of pilonidal cyst, perirectal abscess, 
rectal abscess, anal abscess, perineal abscess and any preferred terms containing the term fistula.gIncludes data previously reported by Sandborn  
et al.7; the previously reported Overall [Dec 2016] Cohort included data from OCTAVE Open up to December 2016 [≤4.4 years of exposure].hThe Overall 
plus P3b/4 [2020] Cohort includes final data from OCTAVE Open [final data cut-off: August 24, 2020], and data from RIVETING [interim data cut-off: 
February 20, 2020; ≤7.8 years of exposure].AE, adverse event; BID, twice daily; CI, confidence interval; DVT, deep vein thrombosis; GI, gastrointestinal; 
IR, incidence rate [unique patients with events/100 PY of exposure]; MACE, major adverse cardiovascular events; N, number of patients treated in the 
treatment group; n, number of unique patients with a particular AE; MedDRA, Medical Dictionary for Regulatory Activities; NMSC, non-melanoma skin 
cancer; PD, predominant dose; PE, pulmonary embolism; PY, patient-years; VTE, venous thromboembolic event.
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The results of univariate analyses of risk factors for VTEs 
in the Overall plus P3b/4 [2020] Cohort are shown in 
Supplementary Table 13. In multivariable analysis, race was 
the only covariate that significantly increased the risk of VTEs 
in the Overall plus P3b/4 [2020] Cohort [with Black patients 
at a higher risk of VTEs vs White patients; Supplementary 
Figure 2F].

3.10  Incidence of GI perforations in the tofacitinib 
UC clinical programme, by cohort
GI perforations in the Induction and Maintenance Cohorts 
are detailed in Figure 2F. There were three patients with GI 
perforations in the Overall [Dec 2016] Cohort [IR 0.18, 
95% CI 0.04–0.53], and three patients with GI perforations 
in the Overall plus P3b/4 [2020] Cohort [IR 0.10, 95% CI 
0.02–0.28; Figure 2F]; two patients were receiving tofacitinib 
10 mg BID [one case each of intestinal perforation and GI 
perforation], and one patient was receiving tofacitinib 5 mg 
BID [complicated appendicitis].

The results of univariate analyses of risk factors for GI per-
forations in the Overall plus P3b/4 [2020] Cohort are shown 
in Supplementary Table 14. Higher baseline high-density 
lipoprotein [HDL] was associated with a reduced risk of 
GI perforations in the Overall plus P3b/4 [2020] Cohort in 
multivariable analysis [Supplementary Figure 2G], although 
patient numbers were low [n = 3].

3.11  Laboratory abnormalities in the Overall plus 
P3b/4 [2020] Cohort
Laboratory abnormalities reported in patients in the Overall 
plus P3b/4 [2020] Cohort are detailed in Table 3. Across 
treatment groups, in patients with UC, the most frequent 
laboratory abnormality reported was creatine kinase eleva-
tion [IR 5.06, 95% CI 4.25–5.98], followed by anaemia [IR 
2.66, 95% CI 2.10–3.32] and lymphopaenia [IR 1.46, 95% 
CI 1.06–1.96]. The laboratory abnormality associated with 
the most discontinuations was lymphopaenia [ten patients in 
total; 8/10 were receiving PD tofacitinib 10 mg BID].

4. Discussion
This integrated analysis of safety data from all phase 2/3/OLE 
and phase 3b/4 studies in the global tofacitinib UC clinical 
programme included data with up to 7.8 years and 2999.7 
PY of tofacitinib exposure and represents the most compre-
hensive analysis of tofacitinib safety in patients with UC to 
date. In the Induction and Maintenance Cohorts, the propor-
tions of patients who experienced AEs, serious AEs and dis-
continuations due to AEs were generally similar in patients 
receiving placebo or tofacitinib. With the exception of HZ, 
IRs for AEs of special interest were generally <2.0 in the 
Overall plus P3b/4 [2020] Cohort. In addition, the IRs for 
deaths and AEs of special interest with all tofacitinib doses in 
the Overall plus P3b/4 [2020] Cohort were generally similar 
to the IRs previously reported in the Overall [Dec 2016] 
Cohort (data ≤4.4 years; total exposure 1612.8 PY),7 which 
includes an additional 3.4 years of observation and 1386.9 
PY of exposure, thus demonstrating that the safety profile 
of tofacitinib remained consistent with increased extent and 
length of exposure. The most frequent laboratory abnormality 
was creatine kinase elevation. Elevated creatine kinase levels 
are associated with clinically significant AEs such as rhabdo-
myolysis;11 however, there were no cases of rhabdomyolysis in 

this analysis. Lymphopaenia was the laboratory abnormality 
associated with the most discontinuations.

With the exception of HZ, the IRs for AEs of special 
interest reported in this analysis are generally consistent with 
the IRs reported for other UC treatments, including biological 
therapies.12 A population-based descriptive study of real-
world data found that the IR for serious infections with any 
TNFi was 3.33 [95% 2.73–4.02],12 which was higher than 
the IR for serious infections reported here for the Overall plus 
P3b/4 [2020] Cohort. Higher BMI was a risk factor for ser-
ious infections in the Overall plus P3b/4 [2020] Cohort. In 
addition, a previous analysis reported that rates of serious 
infections were numerically higher in patients from OCTAVE 
Induction 1 and 2 with BMI ≥30 kg/m2 at baseline, compared 
with those with BMI < 30 kg/m2 at baseline. This trend was 
not observed in patients from OCTAVE Sustain, although 
interpretation of these findings was limited by low patient 
numbers.13 BMI ≥30 kg/m2 is an indicator of obesity,14 which 
has been shown to be associated with infectious disease in 
the general population,15 and in patients with inflammatory 
bowel disease [IBD].16 However, a previous analysis of pa-
tients with IBD receiving biological therapy reported that 
obesity was not associated with an increased risk of serious 
infections.17

In the Induction Cohort, the IR for HZ was numerically 
higher in patients receiving tofacitinib 10  mg BID com-
pared with placebo. In the Maintenance Cohort, IRs for HZ 
[non-serious and serious] were numerically higher with both 
tofacitinib doses than with placebo. IRs for HZ in the Overall 
[Dec 2016]7 and Overall plus P3b/4 [2020]9 Cohorts were 
generally similar between predominant tofacitinib doses, 
and IRs remained stable over time. In the Overall plus P3b/4 
[2020] Cohort, the IR for HZ [3.30, 95% CI 2.67–4.04] 
was lower than the IR for HZ previously reported with all 
tofacitinib doses in the Overall [Dec 2016] Cohort,7 but 
higher than the IR for HZ with any TNFi in a previous real-
world analysis [1.77, 95% CI 1.34–2.29].12 Increased rates of 
HZ with tofacitinib and other JAK inhibitors vs TNFi have 
also been reported in previous analyses of data from clinical 
trials and real-world data for patients with immune-mediated 
inflammatory diseases including UC.18–22 A previous analysis 
of HZ risk in the Overall plus P3b/4 [2020] Cohort identi-
fied older age and prior TNFi failure as significant risk fac-
tors for HZ [as previously identified], as well as lower weight 
and geographical region [North America vs Europe].9 In the 
PD tofacitinib 10 mg BID or tofacitinib all groups, IRs for 
HZ in the Overall plus P3b/4 [2020] Cohort were numeric-
ally higher in patients with vs without baseline corticosteroid 
use; however, baseline corticosteroid use was not a significant 
risk factor for HZ. In the USA, use of non-live, adjuvant re-
combinant subunit zoster vaccine (RZV) is recommended for 
those receiving low-dose immunomodulatory therapy (e.g. 
prednisone <20 mg/day or equivalent; or inhaled or topical 
corticosteroids).23 RZV has the potential to impact the future 
risk of HZ in patients with UC receiving JAK inhibitors, and 
the clinical efficacy and safety of RZV are currently being 
evaluated in patients with UC receiving tofacitinib.24

In the Overall plus P3b/4 [2020] Cohort, the majority of 
opportunistic infections were HZ, and non-HZ opportunistic 
infections were infrequent. Risk factors for opportunistic in-
fections in the Overall plus P3b/4 [2020] Cohort were lower 
body weight, lower baseline ANC, history of diabetes and 
prior TNFi failure. It is possible that some patients with lower 
body weight may have been suffering from malnutrition, 

http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjac141#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjac141#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjac141#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjac141#supplementary-data
http://academic.oup.com/ecco-jcc/article-lookup/doi/10.1093/ecco-jcc/jjac141#supplementary-data
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which has been identified as a risk factor for opportunistic in-
fections in patients with IBD.25 In contrast to these findings, a 
previous analysis of infection risk reported that a higher ANC 
was associated with an increased risk of infections in patients 
with IBD and in the general population.16 Diabetes has been 
identified as a risk factor for infections in patients with IBD,26 
as has use of TNFi.25,26

In the Overall plus P3b/4 [2020] Cohort, 26 patients had 
malignancies [excluding NMSC; IR 0.84, 95% CI 0.55–1.24], 
and 22 patients had NMSC [IR 0.73, 95% CI 0.45–1.10]. 
There were four patients with colorectal cancer [all re-
ceiving PD tofacitinib 10 mg BID]. The IRs for malignancies 
[excluding NMSC] and NMSC reported here for tofacitinib 
were similar to those previously reported for TNFi in an ana-
lysis of real-world data (IR 0.63, 95% CI 0.43–0.90 and IR 
1.69, 95% CI 1.35–2.10 for malignancies [excluding NMSC] 
and NMSC, respectively).12 In this analysis, risk factors for 
malignancies [excluding NMSC] in the Overall plus P3b/4 
[2020] Cohort were longer disease duration and history of 
NMSC, and risk factors for NMSC were older age and history 
of NMSC. Patients with long-standing IBD have an increased 
risk of malignancies, including colorectal cancer,5,27 and older 

age was previously identified as a risk factor for NMSC in 
an analysis of data from the Overall Cohort [May 2019 in-
terim data cut; up to 6.8 years of exposure],28 and also in an 
analysis of patients with IBD receiving thiopurines.29 History 
of NMSC was identified as a risk factor for subsequent ma-
lignancy in an analysis of data from the general population.30

Nine patients experienced MACE in this analysis [IR 
0.29, 95% CI 0.13–0.55]. The MACE IR reported here for 
tofacitinib was similar to that previously reported for TNFi in 
patients with UC in an analysis of real-world data [IR 0.51, 
95% CI 0.31–0.79].12

Previously, a prospective, head-to-head safety trial of 
tofacitinib 5 or 10 mg BID vs TNFi in patients with rheuma-
toid arthritis [RA] aged ≥50 years ≥1 additional CV risk factor 
was carried out (ORAL Surveillance [NCT02092467]).31 
Evaluation of the co-primary endpoints demonstrated that 
rates of MACE and malignancies [excluding NMSC] were 
higher with tofacitinib vs TNFi, as were rates of key sec-
ondary endpoints [mortality, serious infections and VTEs].31 
These findings resulted in regulatory safety communications 
and updates to the product label including US Prescribing 
Information and Boxed Warning.32,33 Risk factors for MACE 

Table 3. Laboratory abnormalities in the Overall plus P3b/4 [2020] Cohort

 PD tofacitinib 5 mg BID [N = 202] PD tofacitinib 10 mg BID [N = 955] Tofacitinib All [N = 1157] 

Creatine kinase elevation, n [%] 30 [14.9] 108 [11.7] 138 [12.3]

IR [95% CI]a 4.16 [2.81–5.94] 5.39 [4.42–6.50] 5.06 [4.25–5.98]

  Discontinuations due to 
creatine kinase elevation, 
n [%]b

1 [3.3] 2 [1.9] 3 [2.2]

Anemia, n [%]
IR [95% CI]c

12 [5.9]
1.55 [0.80–2.71]

66 [6.9]
3.06 [2.37–3.89]

78 [6.7]
2.66[2.10–3.32]

  Discontinuations due to 
anaemia, n [%]b

1 [8.3] 5 [7.2] 6 [7.4]

Lymphopenia, n [%]
IR [95% CI]d

12 [5.9]
1.53 [0.79–2.68]

32 [3.4]
1.43 [0.98–2.02]

44 [3.8]
1.46 [1.06–1.96]

  Discontinuations due to 
lymphopaenia, n [%]b

2 [16.7] 8 [25.0] 10[22.7]

Neutropaenia, n [%]
IR [95% CI]e

5 [2.5]
0.63 [0.20–1.47]

5 [0.5]
0.22 [0.07–0.51]

10 [0.9]
0.33 [0.16–0.60]

  Discontinuations due to 
neutropaenia, n [%]b

0 [0.0] 1 [20.0] 1 [10.0]

Acute renal failure, n [%]
IR [95% CI]c

1 [0.5]
0.12 [0.00–0.69]

9 [0.9]
0.40 [0.18–0.76]

10 [0.9]
0.33 [0.16–0.60]

  Discontinuations due to 
acute renal failure, n [%]b

0 [0.0] 1 [11.1] 1 [10.0]

Rhabdomyolysis, n [%]
IR [95% CI]c

0 [0.0]
0.00 [0.00–0.46]

0 [0.0]
0.00 [0.00–0.16]

0 [0.0]
0.00 [0.00–0.12]

  Discontinuations due to 
rhabdomyolysis, n [%]b

0 [0.0] 0 [0.0] 0 [0.0]

aCreatine kinase elevation included any event coded to the MedDRA preferred term blood creatine phosphokinase increased; Phase 2 study data were not 
included in evaluation of creatine kinase elevation; N = 922 and N = 1124 for the PD tofacitinib 10 mg BID and tofacitinib all groups, respectively.
bFor discontinuations due to laboratory abnormalities, proportions were calculated based on the number of patients with an abnormality in a treatment 
group.
cLaboratory abnormalities of anaemia, acute renal failure and rhabdomyolysis were analysed based on events coded to the SMQs of haematopoietic 
erythropaenia, acute renal failure and rhabdomyolysis/myopathy, respectively.
dLymphopaenia included any event coded to the preferred terms lymphopaenia and lymphocytopaenia neonatal, B lymphocyte count decreased, lymphocyte 
count decreased or T-lymphocyte count decreased.
eNeutropaenia included any event coded to the higher-level term neutropaenia, or the preferred terms granulocyte count decreased or neutrophil count 
decreased.
BID, twice daily; CI, confidence interval; IR, incidence rate [unique patients with events/100 PY of exposure]; MedDRA, Medical Dictionary for Regulatory 
Activities; N, number of patients treated in the treatment group; n, number of unique patients in each category; PD, predominant dose; PY, patient-years; 
SMQ, Standardized MedDRA Query.
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and malignancies [excluding NMSC] in ORAL Surveillance 
included age ≥65  years and smoking status [with ever 
smokers at higher risk than never smokers].34,35 To enrich for 
CV risk and ensure enough events accrued, patients in ORAL 
Surveillance had to be aged ≥50 years with one or more add-
itional CV risk factor. Patients enrolled in the UC clinical pro-
gramme were generally younger than in ORAL Surveillance 
and were less likely to have smoked previously. While older 
age was a risk factor for MACE in patients with UC, this 
covariate was not associated with an increased risk of ma-
lignancy, and smoking status was not a risk factor for either 
endpoint in this analysis, although the numbers of patients 
with these events in which to evaluate risk factors were low 
in the UC programme.

A previous analysis of data from the Overall Cohort [up to 
6.1 years of exposure] reported five patients with VTEs (one 
with DVT [IR 0.04, 95% CI 0.00–0.23] and four with PE [IR 
0.16, 95% CI 0.04–0.41]).36 In this analysis [up to 7.8 years of 
exposure], there were seven patients with VTEs in the Overall 
plus P3b/4 [2020] Cohort (one with DVT [IR 0.03, 95% CI 
0.00–0.18] and six with PE [IR 0.19, 95% CI 0.07–0.42]). 
Black patients were at a greater risk of VTEs than White pa-
tients. The IRs for DVT and PE reported in this analysis were 
consistent with those previously reported in patients with UC 
(IR 0.07–0.30 and 0.04–0.20, respectively),37–39 and were also 
consistent with the results of an analysis of safety in 12 410 
patients with RA, psoriatic arthritis or psoriasis included in 
global tofacitinib development programmes, and observa-
tional data from the US Corrona registries for each disease.40 
This previous cross-indication analysis reported that the inci-
dence of VTEs was elevated in patients with vs without base-
line CV or VTE risk factors.40 In this analysis, Black patients 
had a higher risk of VTEs than White patients, and this is 
consistent with findings in the general population,41 although 
the number of patients with VTEs in this analysis was low.

Previously, tofacitinib treatment was associated with gen-
erally reversible increases in serum lipids in patients with 
UC, but changes in lipid profiles were not associated with 
long-term increases in the risk of CV events.42 In this analysis, 
6.4% of patients in the Overall plus P3b/4 [2020] Cohort 
were receiving lipid-lowering agents at baseline; 1.9% of pa-
tients had an increase in their dose of lipid-lowering agents 
during the programme, and 7.8% of patients began receiving 
lipid-lowering agents during the programme. Elevated HDL 
at baseline was associated with a significantly reduced risk 
of GI perforations, although patient numbers with GI perfor-
ations were low. Previously, GI perforations were reported in 
three patients in the Overall [Dec 2016] Cohort,7 and no add-
itional GI perforations were observed with longer tofacitinib 
exposure in the Overall plus P3b/4 [2020] Cohort. To date, 
no GI perforations have been reported in patients with UC 
following treatment with upadacitinib [JAK1 inhibitor] in 
phase 3 studies after 8 weeks of treatment,43,44 although add-
itional analyses will be required to fully evaluate the safety of 
upadacitinib in patients with UC.

Following drug approval, post-marketing studies are an 
important aspect of monitoring the safety of a drug, especially 
in a real-world setting. A recent post-marketing study con-
ducted over a 27-month period after first marketing author-
isation of tofacitinib for UC in May 2018, and included data 
derived from spontaneous reports from healthcare profes-
sionals, patients and regulatory authorities, solicited reports 
from market research programme patient support groups, 

and previously published reports.45 The types of AEs and re-
porting rates of AEs were consistent with the known safety 
profile of tofacitinib.45 In addition, a recent meta-analysis of 
real-world data reported that the safety profile of tofacitinib 
was comparable to that reported previously in clinical trials.46 
Alongside the current analysis of all available clinical trial 
data to date, these findings suggest that the safety profile of 
tofacitinib in patients with UC has been consistent over time.

This integrated safety analysis has several limitations: only 
patients who initially participated in the OCTAVE clinical 
trials were included. In addition, due to study design, the ma-
jority [82.5%] of patients in the Overall plus P3b/4 [2020] 
Cohort received PD tofacitinib 10  mg BID, which limited 
between-group comparisons. Also, patients were permitted 
to switch tofacitinib dose during the OCTAVE Open and 
RIVETING studies, and therefore dose-dependency of IRs for 
AEs of special interest could not be firmly concluded in the 
Overall [Dec 2016] and Overall plus P3b/4 [2020] Cohorts. 
Moreover, compared with ORAL Surveillance, there was a 
relatively lower number of patients with high-risk profiles, 
and unlike ORAL Surveillance, the studies included in the UC 
clinical programme were not designed to be of sufficient size 
and duration to evaluate rare events or those with long la-
tency. Therefore, the risk of malignancies and MACE in pa-
tients with UC remains an important consideration.

In conclusion, this analysis of data from the global tofacitinib 
UC clinical programme included an additional 3.4 years of 
observation and 1386.9 PY of exposure, compared with re-
ported safety data,7 and the results were consistent with the 
known safety profile of tofacitinib. IRs for AEs of special 
interest were generally similar between dose groups, although 
dose-dependency could not be fully evaluated. IRs for AEs of 
special interest were similar to those reported in prior Overall 
Cohort analyses,7 and have remained stable over an extended 
period [up to 7.8 years; total exposure 2999.7 PY] with the 
inclusion of final data from OCTAVE Open and an interim 
analysis of data from the phase 3b/4 RIVETING study. These 
safety findings inform on the long-term use of tofacitinib 5 or 
10 mg BID in patients with moderately to severely active UC.
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