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Tofacitinib Treatment Safety in Moderate to Severe Ulcerative 
Colitis: Comparison of Observational Population Cohort Data 
From the IBM MarketScan® Administrative Claims Database 
With Tofacitinib Trial Data

Jeffrey R. Curtis, MD, MS, MPH,* Miguel Regueiro, MD,† Huifeng Yun, PhD,* Chinyu Su, MD,‡ Marco DiBonaventura, 
PhD,§ Nervin Lawendy, PharmD,‡ Chudy I Nduaka, MD,‡ Nana Koram, PhD, MPH,§ Joseph C. Cappelleri, PhD, 
MPH,¶ Gary Chan, PharmD,§ Irene Modesto, MD, PhD,§ and Gary R. Lichtenstein, MD‖

Background: Tofacitinib is an oral, small molecule Janus kinase inhibitor for the treatment of ulcerative colitis (UC). We aimed to estimate the overall 
incidence of safety events in patients with UC in a real-life population cohort for comparison with the tofacitinib UC clinical trial program.

Methods: Clinical trial-like criteria were applied to an IBM MarketScan® claims database population-based cohort (n = 22,967) of patients 
with UC (October 2010 to September 2015) to identify a UC trial-like cohort treated with tumor necrosis factor inhibitors (TNFi; n = 6366) to 
compare with the tofacitinib UC clinical trial cohort (n = 1157).

Results: Incidence rates (events per 100 patient-years; [95% confidence interval]) in the UC trial-like cohort were as follows: serious infections, 
3.33 (2.73–4.02); opportunistic infections (OIs; excluding herpes zoster [HZ]), 1.45 (1.06–1.93); HZ, 1.77 (1.34–2.29); malignancies (excluding 
nonmelanoma skin cancer [NMSC]), 0.63 (0.43–0.90); NMSC, 1.69 (1.35–2.10); major adverse cardiovascular events (MACE), 0.51 (0.31–0.79); 
pulmonary embolism (PE), 0.54 (0.30–0.89); deep vein thrombosis (DVT), 1.41 (1.00–1.93); and gastrointestinal perforations, 0.31 (0.16–0.54). 
Compared with the UC trial-like cohort, tofacitinib-treated patients had numerically lower incidence rates for serious infections (1.75 [1.27–
2.36]), OIs (excluding HZ; 0.16 [0.04–0.42]), NMSC (0.78 [0.47–1.22]), PE (0.16 [0.04–0.41]), and DVT (0.04 [0.00–0.23]), and a higher rate for 
HZ (3.57 [2.84–4.43]); rates for malignancies (excluding NMSC), MACE, and gastrointestinal perforations were similar.

Conclusions: When acknowledging limitations of comparing claims data with controlled clinical trial data, incidence rates for HZ among 
TNFi-treated patients in the UC trial-like cohort were lower than in the tofacitinib UC clinical trial cohort; rates for serious infections, OIs, 
NMSC, PE, and DVT were numerically higher.
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INTRODUCTION
For patients with ulcerative colitis (UC), existing data 

suggest an increased prevalence of many types of infection and 
certain malignancies.1, 2 These are important safety consider-
ations for patients, due to immunosuppression associated with 
the disease itself3, 4 and the immunosuppressant therapies5, 6  
used to treat UC, which include biologic therapies (such as 
tumor necrosis factor inhibitors [TNFi], anti-integrins, and in-
terleukin-12/23 antagonists). Accordingly, there is a need for 
representative epidemiological data with which to compare and 
contrast safety outcomes from controlled clinical trials of new UC 
therapies, particularly in the absence of head-to-head comparative 
clinical studies.1, 2 Contextualization of safety data for new UC 
therapies with safety data of therapies that represent the current 
standard of care (ie, TNFi) is of particular importance.

Tofacitinib is an oral, small molecule Janus kinase inhibitor 
for the treatment of UC. The tofacitinib UC clinical trial program 
reported the efficacy and safety of tofacitinib in patients with mod-
erate to severe UC in a randomized controlled setting as induction 
therapy7, 8 (one 8-week phase 2 study [A3921063, NCT00787202] 
and two 8-week phase 3 studies [OCTAVE Induction 1 and 2, 
NCT01465763 and NCT01458951]), and as maintenance therapy (a 
52-week phase 3 study for clinical responders in OCTAVE Induction 
1 and 2 [OCTAVE Sustain, NCT01458574]).8 The long-term safety 
and efficacy of tofacitinib in patients with UC is being evaluated in 
an ongoing, open-label, long-term extension (OLE) study (OCTAVE 
Open, NCT01470612).9 With the exception of a higher rate of herpes 
zoster (HZ) infection in tofacitinib-treated patients, compared with 
placebo-treated patients, integrated safety analyses of tofacitinib in 
the OCTAVE clinical trial program suggested a safety profile similar 
to that reported in clinical trials of biologic therapies used to treat 
UC, albeit not from head-to-head studies.10

Real-world data are important to aid in the interpretation 
of outcomes derived from the tofacitinib UC clinical trial pro-
gram and to further characterize the safety profile of tofacitinib 
treatment. The IBM MarketScan® databases are a group of ad-
ministrative databases, compiled and maintained by Truven 
Health Analytics, that contain inpatient and outpatient claims, 
outpatient prescription claims, clinical utilization records, and 
health expenditure data from patients in the United States.11 
This family of databases contains de-identified patient-level 
health data (medical, drug, and dental), productivity (work-
place absence, short- and long-term disability and workers’ 
compensation), laboratory results, health risk assessments, 
hospital discharges, and electronic medical records. Data are 
contributed by large employers, managed care organizations, 
hospitals, electronic medical record providers, Medicare, and 
Medicaid.12

In this population-based descriptive study, we utilized 
data from the IBM MarketScan® claims database to estimate 
the prevalence of comorbidities and background incidence 
rates for safety events of interest (serious infections, oppor-
tunistic infections [OIs; excluding HZ], HZ, malignancies 

[excluding nonmelanoma skin cancer (NMSC)], NMSC, major 
adverse cardiovascular events [MACE], pulmonary embolism 
[PE], deep vein thrombosis [DVT], and gastrointestinal [GI] 
perforations) in a cohort of adults with moderate to severe UC 
in a real-world setting. Data from the MarketScan® observa-
tional database were used to compare and contrast previously 
reported safety observations from the tofacitinib UC clinical 
trial program,10 including contextualization of tofacitinib UC 
clinical trial safety data vs observational safety data for TNFi 
therapies.

METHODS

Study Design
This was a retrospective, descriptive study of US med-

ical claims and pharmacy records data from patients diagnosed 
with UC from the IBM MarketScan® claims database for the 
period October 1, 2010, to September 30, 2015.

Patient Analysis
From the IBM MarketScan® claims database, a 

population-based cohort of patients with UC was identified 
using the following selection criteria: patients were 18  years 
or older with a diagnosis of UC, as defined by International 
Classification of Diseases, 9th Revision (ICD-9) code 556.X 
(but excluding ICD-9 code 556.4). Two separate diagnoses of 
UC were required at different points in time, with at least one 
made by a gastroenterologist. To identify patients with mod-
erate to severe UC, eligible patients were restricted to those 
who were receiving or had received infliximab, adalimumab, 
golimumab, or vedolizumab; patients who were receiving or 
had received azathioprine, 6-mercaptopurine, methotrexate, 
tacrolimus, or cyclosporine; or patients who received more than 
4000 mg of prednisone-equivalent oral systemic corticosteroids 
in the 6 months before the start of follow-up. Patients were also 
required to have at least 12 months of database enrollment be-
fore the index date (defined as the latest date that a patient sat-
isfied all eligibility criteria), with no more than a 30-day gap in 
health care and pharmacy coverage. The follow-up period was 
defined from the index date to the earliest of either the date of 
death, date of lost medical or pharmacy coverage, or end of the 
study period.

From a population-based cohort of patients with UC 
selected from the MarketScan® claims database, a UC trial-like co-
hort was established using key trial-like selection criteria similar 
to those used in the phase 3 tofacitinib OCTAVE clinical trials.8 
The exclusion criteria applied were prior diagnosis of infection 
with HIV (ICD-9 codes 042, 0420-0422, 0429-0433, 0439-0440, 
and 0449), hepatitis B or C virus (ICD-9 codes 0702, 07020-07023, 
0703, 07030-07033, 07041, 07044, 07051, 07054, and 07070-07071), 
diagnoses of cancer (excluding NMSC; detailed criteria for identi-
fication of malignancies are provided in the supplementary data), 
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Crohn’s disease (gastroenterologist-diagnosed), prior surgery for 
UC, recent bowel surgery (within 6 months; identified based on 
ICD-9 and Current Procedural Terminology [CPT] codes), history 
of colectomy, solid organ transplantation, bone marrow trans-
plantation, advanced kidney disease (ICD-9 codes 585.3, 585.4, 
585.5, and 585.6), advanced liver disease (ICD-9 code 789.5), he-
patic encephalopathy (ICD-9 code 572.2), or esophageal varices 
(ICD-9 codes 456.0, 456.1, and 456.2).

The index date was defined as the first date of prescrip-
tion or administration of a new UC treatment in the pharmacy 
or procedure data after the population-based cohort index date, 
with no prior use of that therapy. The follow-up was defined 
from the index date to the earliest of the date of death, date of 
lost medical or pharmacy coverage, end of the study period, 
first outcome occurrence, or treatment switch or discontinua-
tion. The baseline period was defined as the 12-month period 
before the index date.

New drug use exposure (ie, patients naïve to the drug 
or drug class before exposure) to the following categories of 
drugs was identified: immunomodulators/immunosuppres-
sants (azathioprine, 6-mercaptopurine, oral or subcutaneous 
methotrexate, oral or intravenous [IV] tacrolimus, and oral 
or IV cyclosporine); biologics, including TNFi (adalimumab, 
infliximab, and golimumab); and vedolizumab. These ana-
lyses were performed before the approval of ustekinumab 
or tofacitinib for the treatment of UC.13, 14 A  patient could 
only be counted as a new user once per drug category; how-
ever, it was possible for a patient to be considered a new user 
for multiple drug categories (eg, a patient with new drug 
use exposure identified for azathioprine, 6-mercaptopurine, 
adalimumab, and vedolizumab would be included once in the 
immunomodulators/immunosuppressants category and once in 
the biologic category).

From the UC trial-like cohort, a subpopulation was 
selected in which patient follow-up was truncated to 12 months 
(post-index date) to mimic the study treatment duration 
from the tofacitinib maintenance study (OCTAVE Sustain).8 
Follow-up for the 12-month UC trial-like cohort was the same 
as for the UC trial-like cohort, but it included up to a maximum 
of 365 days after the index date instead of up to the end of the 
study period.

Tofacitinib Ulcerative Colitis Clinical Trial 
Overall Cohort

The tofacitinib UC clinical trial overall cohort included 
1157 patients who received tofacitinib 5 mg twice daily or 
tofacitinib 10 mg twice daily in the tofacitinib UC clinical 
trial program (phase 2 and phase 3 induction studies, a phase 
3 maintenance study, and an ongoing OLE study; data as of 
September 2018).8, 10 The majority (n = 971) of the tofacitinib 
UC clinical trial overall cohort received tofacitinib  10  mg 
twice daily.10 Incidence rates for safety events of interest in 
the tofacitinib UC clinical trial overall cohort were calculated 

based on the number of unique patients with ≥1 event per 100 
patient-years (PY) of exposure.

Study Outcomes and Analyses
For the UC trial-like cohort, the following safety events of 

interest were reported (stratified by drug exposures of interest): 
serious infections (viral, bacterial, and fungal), OIs (excluding 
HZ), HZ, malignancies (excluding NMSC), NMSC, MACE 
(defined as myocardial infarction, stroke, or heart failure death 
in hospital), PE (defined as any inpatient diagnosis code of PE 
where the discharge disposition was that the patient had ex-
pired [died], or with subsequent administration or prescription 
of outpatient anticoagulant medication within 0–60 days of di-
agnosis code), DVT (defined as any inpatient hospitalization or 
outpatient diagnosis code of DVT, where [if  hospitalized] the 
discharge disposition was that the patient had expired [died], or 
with subsequent outpatient administration or prescription of 
anticoagulant medication within 0–60 days of diagnosis code), 
and GI perforations. Serious infections were defined based on 
an inpatient primary discharge diagnosis of selected ICD-9 
codes. Herpes zoster was defined as ICD-9 code 053 (inpatient 
discharge diagnosis code or outpatient physician evaluation 
and management encounter diagnosis code). Detailed criteria 
for identification of OIs, malignancies (excluding NMSC), 
NMSC, MACE, PE, DVT, and GI perforations are reported 
in the supplementary data. Gastrointestinal perforations were 
identified based on either (1) an inpatient diagnosis code that 
contained GI perforation or (2) an inpatient diagnosis code that 
suggested GI perforation without specific mention of GI per-
foration, when coupled with a GI surgery CPT code during the 
same hospitalization.

Statistical Analyses
Incidence rates (patients with events per 100 PY) for 

safety events of interest in the UC trial-like cohort were calcu-
lated based on the number of new events divided by the sum of 
the duration of patient exposures from the index date to cen-
soring date during the risk period.

Associated 2-sided 95% confidence intervals (CIs) for in-
cidence rates were calculated based on an assumed Poisson dis-
tribution.15, 16 For malignancies (excluding NMSC) and NMSC, 
age-adjusted incidence rates in the UC trial-like cohort were 
calculated using the 2000 US Surveillance, Epidemiology, and 
End Results (SEER)17 population by 10  years of age for the 
standardization.

Given the descriptive nature of this study, neither hypo-
thesis testing nor multivariable modeling was performed. No 
imputation for missing data points was performed. Sensitivity 
analyses were conducted using alternative definitions for serious 
infections, NMSC, and GI perforation (see supplementary data 
online for alternative definitions).

All statistical analyses were performed using SAS version 
9.4 (SAS Institute).
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Ethical Considerations
All patient data were in compliance with the Health Insurance 

Portability and Accountability Act confidentiality requirements. 
The study received Institutional Review Board approval from the 
University of Alabama at Birmingham, Birmingham, AB, USA.

RESULTS

Patients and Baseline Characteristics
Figure  1 shows the selection of patients for the UC 

trial-like cohort. A  total of 22,967 patients with UC met the 

inclusion criteria for the overall population-based cohort. After 
application of the trial-like selection criteria, 13,163 treatment 
episodes were identified (ie, occurrences of patients newly 
initiating one or more UC therapies and meeting the selection 
criteria for inclusion in the trial-like cohort), and a total of 6366 
unique patients contributed at least one treatment episode and 
were included in the UC trial-like cohort.

Baseline characteristics for the UC trial-like cohort are pre-
sented in Table 1. Baseline characteristics among patients were 
similar among patients initiating immunomodulators/immuno-
suppressants, biologics, and TNFi. Baseline characteristics for the 
overall MarketScan® UC population-based cohort are presented 

FIGURE 1. Selection of the UC trial-like cohort. aAdalimumab, infliximab, golimumab, and vedolizumab. bAzathioprine, 6-mercaptopurine, meth-
otrexate, tacrolimus (oral or IV), and cyclosporine (oral or IV). cA patient could only be counted as a new user once per drug category; however, it 
was possible for a patient to be considered a new user for multiple drug categories. Abbreviations: HBV, hepatitis B virus; HCV, hepatitis C virus; HIV, 
human immunodeficiency virus; N, number of patients; NE, number of treatment episodes.
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in Supplementary Table 1. Baseline characteristics of patients 
who received tofacitinib 5 mg twice daily and tofacitinib 10 mg 
twice daily in OCTAVE Sustain and in the tofacitinib UC clinical 
trial overall cohort are presented in Supplementary Table 2.

Incidence Rates for Safety Events of Interest
Crude incidence rates (patients with events per 100 PY) 

for safety events of special interest in the population-based co-
hort are presented in Supplementary Figure 1.

Serious infections
In the UC trial-like cohort, there were 37 serious infec-

tion events (defined as inpatient hospitalization in the primary 
position) among 2830 patients receiving immunomodulators/
immunosuppressants (incidence rate, 2.37; 95% CI, 1.67–3.27; 
Table 2). There were 107 serious infection events among 4420 
patients receiving any TNFi, with an incidence rate of 3.33 
(95% CI, 2.73–4.02; 3214.5 PY) in the UC trial-like cohort, 
compared with 1.75 (95% CI, 1.27–2.36; 2457.3 PY; 43 patients 
with serious infection events) in the tofacitinib UC clinical trial 
overall cohort (Table 3). In patients receiving any TNFi, the inci-
dence rates for serious infection events were numerically higher 
among patients who had prior TNFi exposure, compared with 
TNFi-naïve patients (3.63 [95% CI, 2.30–5.45] vs 3.25 [95% CI, 
2.60–4.03]). The incidence rate for patients receiving TNFi in 
combination with immunomodulators/immunosuppressants 
was 3.60 (95% CI, 2.41–5.17) vs 3.39 (95% CI, 2.59–4.36) for 
patients receiving TNFi alone. The incidence rate for patients 
receiving vedolizumab was 6.26 (95% CI, 1.29–18.28) based on 
48.0 PY of exposure.

Opportunistic infections (excluding herpes zoster)
In the UC trial-like cohort, there were 17 OI events (excluding 

HZ) identified among 2830 patients receiving immunomodulators/
immunosuppressants (incidence rate, 1.09; 95% CI, 0.63–1.74). 
There were 47 OI events among 4420 patients receiving any TNFi, 
with an incidence rate of 1.45 (95% CI, 1.06–1.93; 3243.4 PY) in 
the UC trial-like cohort, compared with 0.16 (95% CI, 0.04–0.42; 
2464.2 PY; four patients with OI events) in the tofacitinib UC clin-
ical trial overall cohort (Table 3). In patients receiving any TNFi, 
the incidence rate for OIs among TNFi-experienced patients was 
2.03 (95% CI, 1.08–3.48) vs 1.31 (95% CI, 0.90–1.82) for TNFi-
naïve patients. The incidence rate for patients receiving TNFi in 
combination with immunomodulators/immunosuppressants was 
1.35 (95% CI, 0.68–2.42) vs 1.41 (95% CI, 0.91–2.07) for patients 
receiving TNFi alone. The incidence rate for patients receiving 
vedolizumab was 2.08 (95% CI, 0.05–11.60) based on 48.0 PY of 
exposure.

Herpes Zoster
In the UC trial-like cohort, a total of 15 HZ events were 

identified among 2830 patients receiving immunomodulators/
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immunosuppressants (incidence rate, 0.9; 95% CI, 0.54–1.58). 
A total of 57 HZ events occurred among 4420 patients receiving 
any TNFi, with an incidence rate of 1.77 (95% CI, 1.34–2.29; 
3226.6 PY) in the UC trial-like cohort, compared with 3.57 
(95% CI, 2.84–4.43; 2325.1 PY; 83 patients with HZ events) in 
the tofacitinib UC clinical trial overall cohort (Table 3). In pa-
tients receiving any TNFi, the incidence rate for HZ was nu-
merically higher among TNFi-experienced patients (2.20; 95% 
CI, 1.20–3.70) vs TNFi-naïve patients (1.66; 95% CI, 1.20–2.24). 
The incidence rate for patients receiving TNFi in combination 
with immunomodulators/immunosuppressants was 2.49 (95% 
CI, 1.52–3.85) vs 1.52 (95% CI, 1.00–2.21) for patients re-
ceiving TNFi alone. The incidence rate for patients receiving 
vedolizumab was 0.00 (95% CI, 0.00–7.64) based on 48.3 PY 
of exposure.

Malignancies (excluding nonmelanoma 
skin cancer)

In the UC trial-like cohort, 18 malignancies (ex-
cluding NMSC) were recorded among 2830 patients receiving 
immunomodulators/immunosuppressants (incidence rate, 0.59; 
95% CI, 0.35–0.93). There were 31 malignancies (excluding 
NMSC) recorded among patients receiving any TNFi, with an 
incidence rate of 0.63 (95% CI, 0.43–0.90; 4894.6 PY) in the 
UC trial-like cohort, compared with 0.69 (95% CI, 0.40–1.11; 
2461.2 PY; 17 patients with malignancies [excluding NMSC]) in 
the tofacitinib UC clinical trial overall cohort (Table 3). In pa-
tients receiving any TNFi, the incidence rates for malignancies 
(excluding NMSC) were similar for TNFi-experienced (0.61; 
95% CI, 0.22–1.33) and TNFi-naïve (0.64; 95% CI, 0.41–0.94) 
patients. The incidence rate for patients receiving TNFi in com-
bination with immunomodulators/immunosuppressants was 
1.11 (95% CI, 0.56–1.99) vs 0.46 (95% CI, 0.24–0.81) for patients 
receiving TNFi alone. The incidence rate for patients receiving 
vedolizumab was 1.36 (95% CI, 0.03–7.56) based on 73.7 PY of 
exposure. Corresponding age-standardized rates of malignan-
cies (excluding NMSC) in the trial-like cohort were numerically 
similar to the crude incidence rates.

Nonmelanoma skin cancer 
In the UC trial-like cohort, there were 50 NMSC events iden-

tified among 2830 patients receiving immunomodulators/immuno-
suppressants (incidence rate, 1.65; 95% CI, 1.22–2.17). There were 
82 NMSC events among patients receiving any TNFi, with an inci-
dence rate of 1.69 (95% CI, 1.35–2.10; 4841.9 PY) in the UC trial-like 
cohort, compared with 0.78 (95% CI, 0.47–1.22; 2427.3 PY; 19 pa-
tients with NMSC events) in the tofacitinib UC clinical trial overall 
cohort (Table 3). In patients receiving any TNFi, the incidence rates 
for NMSC were numerically higher among patients who had prior 
TNFi exposure, compared with TNFi-naïve patients (2.17 [95% 
CI, 1.34–3.31] vs 1.58 [95% CI, 1.21–2.02]). The incidence rate for 
patients receiving TNFi in combination with immunomodulators/ TA
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immunosuppressants was 2.67 (95% CI, 1.74–3.91) vs 1.43 (95% CI, 
1.01–1.98) for patients receiving TNFi alone. The incidence rate for 
patients receiving vedolizumab was 0.00 (95% CI, 0.00–4.99) based 
on 73.9 PY of exposure. Corresponding age-standardized rates of 
NMSC in the UC trial-like cohort were numerically similar to the 
crude incidence rates.

Major adverse cardiovascular events 
In the UC trial-like cohort, there were 18 MACE events 

identified among 2830 patients receiving immunomodulators/
immunosuppressants (incidence rate, 0.87; 95% CI, 0.51–1.37). 
There were 20 MACE events among patients receiving any TNFi, 
with an incidence rate of 0.51 (95% CI, 0.31–0.79; 3903.3 PY) in 
the UC trial-like cohort, compared with 0.28 (95% CI, 0.11–0.59; 
2459.3 PY; seven patients with MACE events) in the tofacitinib 
UC clinical trial overall cohort (Table  3). Among patients re-
ceiving any TNFi, the incidence rate for MACE in patients with 
prior TNFi exposure was 0.25 (95% CI, 0.03–0.92) vs 0.58 (95% 
CI, 0.34–0.91) for TNFi-naïve patients. The incidence rate for pa-
tients receiving TNFi in combination with immunomodulators/
immunosuppressants was 0.88 (95% CI, 0.38–1.73) vs 0.56 (95% 
CI, 0.29–0.99) for patients receiving TNFi alone. The incidence 
rate for patients receiving vedolizumab was 0.00 (95% CI, 0.00–
5.60) based on 65.8 PY of exposure.

Pulmonary embolism 
In the UC trial-like cohort, there were seven PE events 

identified among 2771 patients receiving immunomodulators/
immunosuppressants (incidence rate, 0.34; 95% CI, 0.14–0.71). 
There were 15 PE events among patients receiving any TNFi, 
with an incidence rate of  0.54 (95% CI, 0.30–0.89; 2785.3 PY) 
in the UC trial-like cohort, compared with 0.16 (95% CI, 0.04–
0.41; 2468.6 PY; four patients with PE events) in the tofacitinib 
UC clinical trial overall cohort (Table 3). Among patients re-
ceiving any TNFi, the incidence rate for PE in patients with 
prior TNFi exposure was 0.26 (95% CI, 0.01–1.43; based on 
one PE event) vs 0.58 (95% CI, 0.32–0.98) for TNFi-naïve pa-
tients. The incidence rate for patients receiving TNFi in com-
bination with immunomodulators/immunosuppressants was 
0.21 (95% CI, 0.01–1.17) vs 0.67 (95% CI, 0.35–1.17) for pa-
tients receiving TNFi alone. The incidence rate for patients re-
ceiving vedolizumab was 0.00 (95% CI, 0.00–15.05) based on 
24.5 PY of exposure.

Deep vein thrombosis
In the UC trial-like cohort, there were 15 DVT events 

identified among 2771 patients receiving immunomodulators/
immunosuppressants (incidence rate, 0.74; 95% CI, 0.41–1.21). 
There were 39 DVT events among patients receiving any TNFi, 
with an incidence rate of 1.41 (95% CI, 1.00–1.93; 2769.1 PY) in 
the UC trial-like cohort, compared with 0.04 (95% CI, 0.00–0.23; 
2472.6 PY; one patient with DVT event) in the tofacitinib UC 

clinical trial overall cohort (Table 3). Among patients receiving 
any TNFi, the incidence rate for DVT in patients with prior 
TNFi exposure was 0.52 (95% CI, 0.06–1.86) vs 1.55 (1.09–2.14) 
for TNFi-naïve patients. The incidence rate for patients receiving 
TNFi in combination with immunomodulators/immunosuppres-
sants was 2.57 (95% CI, 1.33–4.49) vs 1.23 (95% CI, 0.77–1.86) 
for patients receiving TNFi alone. The incidence rate for patients 
receiving vedolizumab was 0.00 (95% CI, 0.00–15.05) based on 
24.5 PY of exposure.

Gastrointestinal perforations
In the UC trial-like cohort, there were four GI perforations 

identified among 2830 patients receiving immunomodulators/
immunosuppressants (incidence rate, 0.19; 95% CI, 0.05–0.49). 
There were 12 GI perforations among 4420 patients receiving 
any TNFi, with an incidence rate of 0.31 (95% CI, 0.16–0.54; 
3915.1 PY) in the UC trial-like cohort, compared with 0.12 
(95% CI, 0.03–0.36; 2465.0 PY; three patients with GI per-
forations) in the tofacitinib UC clinical trial overall cohort 
(Table  3). Among patients receiving TNFi, the incidence rate 
for GI perforations in patients with prior TNFi exposure was 
0.13 (95% CI, 0.00–0.71) vs 0.35 (95% CI, 0.18–0.63) for TNFi-
naïve patients. The incidence rate for patients receiving TNFi 
in combination with immunomodulators/immunosuppressants 
was 0.44 (95% CI, 0.12–1.12) and 0.28 (95% CI, 0.10–0.61) for 
patients receiving TNFi alone. The incidence rate for patients 
receiving vedolizumab was 0.00 (95% CI, 0.00–5.60) based on 
65.8 PY of exposure.

Impact of Duration of Exposure on Outcomes
For most outcomes and categories of prior treatment expo-

sure, incidence rates were numerically slightly higher when limiting 
the follow-up time to 1 year (ie, in the 12-month UC trial-like co-
hort), compared with using all of the follow-up time (ie, in the UC 
trial-like cohort; Table 2). However, 95% CIs typically overlapped 
when comparing the UC trial-like cohort and the 12-month UC 
trial-like cohort. Figure 2 shows incidence rates for safety events of 
special interest in patients receiving any TNFi in the MarketScan® 
12-month UC trial-like cohort alongside incidence rates in the 
12-month tofacitinib maintenance study (OCTAVE Sustain). In 
general, the same pattern was observed for the comparison of the 
uncensored UC trial-like cohort vs the tofacitinib UC clinical trial 
overall cohort, with a numerically higher rate of serious infections 
and OIs (excluding HZ) in the 12-month UC trial-like cohort, a nu-
merically higher rate of HZ in the tofacitinib maintenance cohort, 
and similar rates for malignancies (excluding NMSC), NMSC, 
MACE, PE, DVT, and GI perforations.

DISCUSSION
This large retrospective cohort study of  adult patients 

from the IBM MarketScan® database generated important 
contextualizing information regarding the epidemiological 
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clinical trial overall cohort (Table 3). Among patients receiving 
any TNFi, the incidence rate for DVT in patients with prior 
TNFi exposure was 0.52 (95% CI, 0.06–1.86) vs 1.55 (1.09–2.14) 
for TNFi-naïve patients. The incidence rate for patients receiving 
TNFi in combination with immunomodulators/immunosuppres-
sants was 2.57 (95% CI, 1.33–4.49) vs 1.23 (95% CI, 0.77–1.86) 
for patients receiving TNFi alone. The incidence rate for patients 
receiving vedolizumab was 0.00 (95% CI, 0.00–15.05) based on 
24.5 PY of exposure.

Gastrointestinal perforations
In the UC trial-like cohort, there were four GI perforations 

identified among 2830 patients receiving immunomodulators/
immunosuppressants (incidence rate, 0.19; 95% CI, 0.05–0.49). 
There were 12 GI perforations among 4420 patients receiving 
any TNFi, with an incidence rate of 0.31 (95% CI, 0.16–0.54; 
3915.1 PY) in the UC trial-like cohort, compared with 0.12 
(95% CI, 0.03–0.36; 2465.0 PY; three patients with GI per-
forations) in the tofacitinib UC clinical trial overall cohort 
(Table  3). Among patients receiving TNFi, the incidence rate 
for GI perforations in patients with prior TNFi exposure was 
0.13 (95% CI, 0.00–0.71) vs 0.35 (95% CI, 0.18–0.63) for TNFi-
naïve patients. The incidence rate for patients receiving TNFi 
in combination with immunomodulators/immunosuppressants 
was 0.44 (95% CI, 0.12–1.12) and 0.28 (95% CI, 0.10–0.61) for 
patients receiving TNFi alone. The incidence rate for patients 
receiving vedolizumab was 0.00 (95% CI, 0.00–5.60) based on 
65.8 PY of exposure.

Impact of Duration of Exposure on Outcomes
For most outcomes and categories of prior treatment expo-

sure, incidence rates were numerically slightly higher when limiting 
the follow-up time to 1 year (ie, in the 12-month UC trial-like co-
hort), compared with using all of the follow-up time (ie, in the UC 
trial-like cohort; Table 2). However, 95% CIs typically overlapped 
when comparing the UC trial-like cohort and the 12-month UC 
trial-like cohort. Figure 2 shows incidence rates for safety events of 
special interest in patients receiving any TNFi in the MarketScan® 
12-month UC trial-like cohort alongside incidence rates in the 
12-month tofacitinib maintenance study (OCTAVE Sustain). In 
general, the same pattern was observed for the comparison of the 
uncensored UC trial-like cohort vs the tofacitinib UC clinical trial 
overall cohort, with a numerically higher rate of serious infections 
and OIs (excluding HZ) in the 12-month UC trial-like cohort, a nu-
merically higher rate of HZ in the tofacitinib maintenance cohort, 
and similar rates for malignancies (excluding NMSC), NMSC, 
MACE, PE, DVT, and GI perforations.

DISCUSSION
This large retrospective cohort study of  adult patients 

from the IBM MarketScan® database generated important 
contextualizing information regarding the epidemiological 

safety profile of  therapies for the treatment of  moderate to 
severe UC, including immunomodulators/immunosuppres-
sants and biologic therapies. The large cohort size provided 
sufficient statistical power to generate robust incidence rates 
for a number of  safety outcomes relevant to advanced treat-
ments of  moderate to severe UC, allowing for qualitative 
comparability with the tofacitinib UC clinical trial pro-
gram. Consideration of  these findings alongside available 
data for tofacitinib and biologic therapies used to treat UC 
(ie, infliximab, adalimumab, golimumab, and vedolizumab) 
revealed similarities in terms of  the overall incidence rates 
for malignancies.18–21 The incidence rate for serious infec-
tions in the tofacitinib UC clinical trial program was numer-
ically lower than that observed in the observational cohorts 
for patients with UC studied in this analysis. Conversely, 
the rate of  HZ in the tofacitinib UC clinical trial program 
was approximately twice as high as that observed in the 
observational cohort.

Data from the MarketScan® UC trial-like observational 
cohort allowed for contextualization of safety data from the 
tofacitinib UC clinical trial program vs TNFi therapies or 
immunomodulators/immunosuppressants used to treat UC. 
The incidence rate for HZ among patients receiving any TNFi 
in the UC trial-like cohort was lower than the corresponding 
incidence rate in the tofacitinib UC clinical trial program. 
Conversely, incidence rates for serious infections, OIs (excluding 
HZ), NMSC, and DVT were numerically higher among patients 
receiving any TNFi in the UC trial-like cohort vs patients re-
ceiving tofacitinib in the UC clinical trial program. These find-
ings are generally consistent with comparisons of clinical trial 
data for tofacitinib and TNFi therapies, in which safety with 
tofacitinib seemed similar to that observed with TNFi therapies, 
with the exception of increased HZ incidence rate.10,  22–25 Similar 
to TNFi therapies, the incidence rate for HZ was numerically 
lower, and the incidence rates for other safety outcomes were nu-
merically higher, among patients receiving immunomodulators/

FIGURE 2. Incidence rates (patients with events per 100 PY) for serious infections, OIs (excluding HZ), HZ, malignancies (excluding NMSC), NMSC, 
MACE, PE, DVT, and GI perforations in the tofacitinib UC maintenance cohort (ie, data from the 52-week OCTAVE Sustain study) and the 12-month 
UC trial-like cohort of the MarketScan® analysis for patients receiving any TNFi.
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immunosuppressants in the UC trial-like cohort vs patients re-
ceiving tofacitinib in the UC clinical trial program.

Tofacitinib has been associated with increased risk of HZ; 
however, most HZ cases are noncomplicated, mild to moderate 
in severity, and manageable with standard antiviral therapy.26 
Furthermore, most patients with HZ during the tofacitinib 
clinical trials were able to continue tofacitinib treatment.26, 27

Safety events of interest and corresponding incidence 
rates varied according to patients’ prior medication expo-
sure. Patients previously exposed to TNFi therapies generally 
had higher incidence rates for most outcomes, compared with 
TNFi-naïve patients. Incidence rates for safety events of spe-
cial interest were numerically slightly higher in the 12-month 
UC trial-like cohort—where follow-up time was limited to 
12 months to mimic clinical trial conditions—than in the UC 
trial-like cohort. This may indicate a time-dependent risk for 
these events or may be due to physicians choosing not to con-
tinue therapy in patients who experience an event while using 
a particular treatment. It is also possible that greater systemic 
inflammation, which may coincide with new treatment initia-
tion, was associated with higher incidence rates for some events. 
Similarly, concomitant therapies, including corticosteroids, 
may be used more frequently and at higher doses around the 
time of starting a new therapy. Sensitivity analyses showed that 
the specific definitions used for serious infections, NMSC, and 
GI perforations had an impact on the number of events iden-
tified and corresponding incidence rates, with the variability 
most noticeable for alternative definitions of serious infections.

Venous thromboembolism (DVT and PE) has been 
identified to be an important potential risk of treatment with 
tofacitinib. In the MarketScan® UC trial-like cohort, the inci-
dence rate for DVT and PE in patients receiving any TNFi was 
numerically higher than that observed in the tofacitinib UC 
clinical trial overall cohort. In the tofacitinib UC clinical trial 
overall cohort, one patient had DVT and four had PE. All pa-
tients had received a predominant dose of tofacitinib 10 mg 
twice daily (average daily dose ≥15 mg) and had risk factors for 
venous thromboembolism alongside UC.28

A strength of  this analysis is the large number of  patients 
included in the UC trial-like cohort that provided sufficient 
statistical power to generate robust incidence rate estimates for 
the various outcomes assessed. A key limitation of  this anal-
ysis is that the algorithm for identifying UC was not validated 
by review of medical records, and thus misclassification of  the 
disease was possible. However, the selection criteria for the UC 
trial-like cohort required patients to have received biologic or 
immunosuppressant UC therapies or high-dose corticoster-
oids, decreasing the likelihood of  misclassification.

Patients’ lifetime medical history before enrollment was 
not available, which may also have led to misclassification of 
baseline covariates. Safety outcomes in this analysis were clas-
sified based on diagnosis codes and not the gold standard of 
medical record review, which may have resulted in possible 

misclassification. However, evidence on the agreement of diag-
nosis codes with medical records has demonstrated generally 
high agreement, with positive predictive values of 75%–95%.29–

31 Although validation of diagnosis codes with medical records 
has not to our knowledge been performed in patients with in-
flammatory bowel disease, multiple retrospective studies have 
utilized the IBM MarketScan® claims database to identify co-
horts of patients with inflammatory bowel disease.32–34

A limitation of the analyses of MACE, malignancies (ex-
cluding NMSC), NMSC, OIs, and GI perforations was that the 
definitions of these events used in the MarketScan® analysis 
were based on diagnosis codes, whereas in the tofacitinib UC 
clinical trial program, they were adjudicated by a blinded review 
committee. Thus, differences in rates of these events between the 
cohorts should be interpreted cautiously. A  limitation relating 
to the identification of MACE was that the definition employed 
did not capture deaths that occurred outside of a hospital set-
ting. In addition, as only in-hospital deaths were captured in the 
MarketScan® database, we did not evaluate mortality as a safety 
outcome of interest, as it would likely have been underestimated.

A further limitation is that claims data lack detail 
 regarding disease severity and rely on filled prescriptions as ev-
idence of  drug consumption. Patients electing to participate in 
a clinical trial may have somewhat more active disease, which 
is why we created the UC trial-like cohort of  new UC therapy 
initiators to reflect this circumstance for comparability. The 
potential for a healthy volunteer bias is also a concern for the 
generalizability of  trial results, in that patients who elected 
to participate in the trial may have fewer comorbidities than 
real-world patients, for example. This concern is borne out by 
comparing the prevalence of  hypertension and diabetes, which 
were more prevalent in the population-based cohort, com-
pared with the UC trial-like cohort.

Furthermore, health plan data do not capture medica-
tions acquired over the counter or as free samples. These data 
also reflect only one insured patient population, in this case 
commercially insured patients. For the analyses performed 
based on new drug use exposure, though we evaluated inci-
dence rates among patients taking any TNFi alone and with 
concomitant immunomodulators/immunosuppressants, we did 
not evaluate concomitant steroid use.

There were also limited data available for patients using 
vedolizumab, representing few PY of exposure, compared 
with other therapies, and this analysis predated the approval 
of ustekinumab or tofacitinib for the treatment of UC. When 
comparing data from the MarketScan® UC trial-like cohort 
with data from the tofacitinib UC clinical trial program, it 
should be acknowledged that the tofacitinib UC clinical trial 
program was a multinational trial, and there may be variations 
in the background regional incidence and fidelity of case ascer-
tainment for certain conditions (eg, NMSC, outpatient DVT). 
Finally, these analyses were descriptive, and no hypothesis 
testing or multivariable modeling was performed. Accordingly, 
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further studies are required to test hypotheses generated by 
these analyses.

A limitation of the venous thromboembolic event data is 
that outpatient DVT events in a clinical trial program are prob-
ably underascertained, and this can potentially lead to an un-
derestimation of the DVT rate in comparison to MarketScan®, 
a population-based cohort, or most other data sources where 
outpatient events are probably more completely captured. This 
will make DVT rates lower than in MarketScan®.

In conclusion, despite the aforementioned limitations, 
the characterization of  safety in the IBM MarketScan® claims 
database demonstrated that observed incidence rates for 
safety events of  interest in the observational cohorts varied 
depending on the specific definition used to identify them. 
Follow-up time also had an effect on observed incidence 
rates, with higher rates observed for safety events of  interest 
when limiting follow-up time to 12 months (ie, to mimic fol-
low-up time typical in the UC maintenance clinical trials). 
These population-based data were used as the basis for safety 
 characterization and comparison of  current and investiga-
tional therapeutic agents for the treatment of  moderate to 
 severe UC. Rates of  HZ observed among TNFi-treated pa-
tients in the population-based cohort of  patients with UC were 
lower than in the tofacitinib UC clinical trial cohort; rates of 
serious infections, OIs (excluding HZ), NMSC, and DVT were 
numerically higher in the population-based cohort. Rates of 
malignancies (excluding NMSC), MACE, PE, and GI perfor-
ations were numerically similar among TNFi-treated patients 
in the population-based cohort and the tofacitinib UC clinical 
trial cohort.
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