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IMPORTANCE An increased risk of lymphoma has been reported among patients receiving
thiopurines for inflammatory bowel disease (IBD). The risk of lymphoma associated
with anti–tumor necrosis factor (TNF) agents either alone or in combination with
thiopurines is uncertain.

OBJECTIVE To assess the risk of lymphoma associated with thiopurines and anti-TNF agents,
used alone or in combination, for the management of IBD.

DESIGN, SETTING, AND PARTICIPANTS Nationwide cohort study based on French National
Health Insurance databases. Patients aged 18 years or older identified with IBD were included
from January 1, 2009, through December 31, 2013, and followed up until December 31, 2015.

EXPOSURES At each time of the follow-up, patients were categorized as being exposed
to thiopurine monotherapy, anti-TNF monotherapy, or combination therapy,
or being unexposed.

MAIN OUTCOMES AND MEASURES The primary outcome was incident lymphoma.

RESULTS Among the 189 289 patients included (54% women; median age, 43 years
[interquartile range, 32-56 years]) and followed up for a median of 6.7 years, 123 069 were
never exposed during follow-up, 50 405 were exposed to thiopurine monotherapy, 30 294
to anti-TNF monotherapy, and 14 229 to combination therapy. Overall, 336 lymphoma cases
occurred: 220 in unexposed patients (incidence rate [IR] per 1000 person-years, 0.26; 95%
CI, 0.23-0.29), 70 in patients exposed to thiopurine monotherapy (IR, 0.54; 95% CI,
0.41-0.67), 32 in patients exposed to anti-TNF monotherapy (IR, 0.41; 95% CI, 0.27-0.55),
and 14 in patients exposed to combination therapy (IR, 0.95; 95% CI, 0.45-1.45). In a
multivariable Cox model, compared with unexposed patients, the risk of lymphoma was
higher among those exposed to thiopurine monotherapy (adjusted hazard ratio [aHR], 2.60;
95% CI, 1.96-3.44; P < .001), anti-TNF monotherapy (aHR, 2.41; 95% CI, 1.60-3.64; P < .001),
or combination therapy (aHR, 6.11; 95% CI, 3.46-10.8; P < .001). The risk was higher
in patients exposed to combination therapy vs those exposed to thiopurine monotherapy
(aHR, 2.35; 95% CI, 1.31-4.22; P < .001) or anti-TNF monotherapy (aHR, 2.53; 95% CI,
1.35-4.77; P < .001).

CONCLUSIONS AND RELEVANCE Among adults with IBD, the use of thiopurine monotherapy
or anti-TNF monotherapy was associated with a small but statistically significant increased
risk of lymphoma compared with exposure to neither medication, and this risk was
higher with combination therapy than with each of these treatments used alone.
These findings may inform decisions regarding the benefits and risks of treatment.
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T he management of inflammatory bowel diseases
(IBDs) has been rapidly evolving in the past 2 decades.
The efficacy of thiopurines and tumor necrosis factor

antagonists (anti-TNFs) has been assessed by numerous
trials, most of which have demonstrated clinical benefits.1,2

Thiopurines are effective in maintaining the remission of
both Crohn disease and ulcerative colitis.1 Anti-TNF agents
are superior to azathioprine in patients with Crohn disease
not previously treated with thiopurines2 and are approved in
patients with moderate to severe Crohn disease or ulcerative
colitis for whom thiopurines have not resulted in disease
control.3,4 Furthermore, combination therapy with anti-TNF
agents and thiopurines seems to be more effective than
monotherapy in patients with IBD who have not been treated
previously with either thiopurines or anti-TNF agents.2,5 It is
less clear whether combination therapy is superior to anti-
TNF monotherapy in patients exposed to thiopurines.6

These drugs have potential severe adverse effects. In par-
ticular, thiopurines are associated with an increased risk of
lymphoma.7-9 However, it is unclear whether anti-TNF agents
are associated with an increased risk of lymphoma or whether
the increased risk reported in patients treated with anti-TNF
agents is explained by past or concomitant exposure to
thiopurines.10-13 In addition, the risk of lymphoma associ-
ated with combination therapy remains largely unknown,8,13

although anti-TNF agents and thiopurines are increasingly pre-
scribed concomitantly. A recent study estimated that 18.3% of
patients diagnosed as having Crohn disease in the past 5 years
in France had received combination therapy.14

The aim of the current study was to assess the associa-
tion of thiopurines and anti-TNF agents, when used alone or
in combination, with subsequent risk of lymphoma, using data
from a large nationwide observational cohort study of French
patients with IBD treated with thiopurines and/or anti-TNF
agents or neither between 2009 and 2015.

Methods
Data Sources
This study was conducted using the French National Health
Insurance claim database known as SNIIRAM (Système
National d’Information Interrégimes de l’Assurance Maladie).
This system covers the entire French population with various
health insurance plans based on individuals’ employment
status. The general health insurance plan covers employees
in the industry, business, and service sectors; public service
employees; and students, accounting for approximately 88%
of the French population. Only claims reimbursed from the
general health insurance plan were considered because of
their availability and quality. This database contains indi-
vidual, anonymous data on sociodemographic characteristics
(eg, sex, age, and date of death) and all medical claims since
2008, including dispensed drugs with date of delivery, labo-
ratory tests, and outpatient medical care. The database also
contains medical information on the presence of any serious
and costly long-term disease giving entitlement to 100%
health insurance coverage based on the French National

Health Insurance list of 30 eligible chronic conditions,15 with
information on diagnosis encoded in the International Statis-
tical Classification of Diseases and Related Health Problems,
Tenth Revision (ICD-10) and date of disease onset. Informa-
tion on affiliation to the Complementary Universal Health
Insurance scheme, a system providing free access to health
care for people whose annual income is lower than 50% of
the poverty threshold in France, is also available.

An anonymous, unique identifier for each individual links
SNIIRAM information to the national hospital discharge data-
base (Programme Médicalisé Des Systèmes D’information
[PMSI]). The PMSI includes information about every admis-
sion at a public hospital or in a private clinic in France since
2006, either for an inpatient stay or ambulatory care. Diagno-
ses (recorded using their ICD-10 codes) and treatments, either
medical or surgical, provided during hospital stays are avail-
able. The SNIIRAM and PMSI databases have been described
and used for epidemiological research previously.16-20

This study was approved by the French Data Protection Su-
pervisory Authority (Commission Nationale de l’Informatique
et des Libertés). Given that data are anonymous, no informed
consent is required for studies based on French medicoad-
ministrative databases.

Study Population
All patients aged 18 years or older and diagnosed as having
IBD before December 31, 2013, were included. Based on infor-
mation from SNIIRAM and PMSI, an individual was consid-
ered diagnosed as having IBD either if he or she was eligible
for 100% health insurance coverage for serious and costly
long-term diseases with a diagnosis of Crohn disease (ICD-10
code K50) or ulcerative colitis (ICD-10 code K51), or if he or
she had at least 2 hospital discharge diagnoses including
ICD-10 codes K50 or K51 or 1 hospital discharge diagnosis
including ICD-10 codes K50 or K51 along with a pharmacy
claim for an IBD medication including aminosalicylates,
enteral budesonide, thiopurines, or anti-TNF agents. When
ICD-10 codes of IBD subtype differed between SNIIRAM and
PMSI or across various hospital discharge diagnoses, the
most recent code was considered.

Key Points
Question Is exposure to thiopurines and anti–tumor necrosis
factor (TNF) agents, used alone or in combination, associated with
an increased risk of lymphoma in patients with inflammatory
bowel disease (IBD)?

Findings In this cohort study of 189 289 patients with IBD, the
risk of incident lymphoma was significantly higher in patients
exposed to thiopurine monotherapy, anti-TNF monotherapy, or
combination therapy compared with those who were unexposed.
The risk was higher in patients exposed to combination therapy
compared with thiopurine or anti-TNF monotherapy.

Meaning The use of thiopurine monotherapy or anti-TNF
monotherapy in patients with IBD was associated with a small but
statistically significant increased risk of lymphoma, and this risk
was higher with combination therapy than with each of these
treatments used alone.
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The date of IBD diagnosis was defined as the earliest date
between the first hospital discharge diagnosis of IBD avail-
able in the PMSI and the date of IBD onset as registered for
eligibility for full reimbursement of care in the SNIIRAM.
Prevalent cases were defined as an IBD diagnosis provided
before January 1, 2009, and incident cases as an IBD di-
agnosis issued between January 1, 2009, and December 31,
2013. This cohort has been extensively described in a previ-
ous study.14

To avoid potentially confounding factors that may have
increased the risk of lymphoma, organ transplant recipients,
HIV-infected patients, and patients with a history of cancer
including lymphoma were excluded (Figure). Individuals
with a diagnosis of cancer or lymphoma within 3 months
following their IBD diagnosis were also excluded to mini-
mize the possible inclusion of nonincident cases. In ad-
dition, these patients follow different therapeutic manage-
ment strategies.21,22 Furthermore, patients with a single
hospital discharge diagnosis of IBD and no pharmacy claim
for IBD medication, who were considered to have an uncer-
tain IBD diagnosis, were excluded. Patients were followed up
from January 1, 2009, or the date of their IBD diagnosis,
whichever occurred first, until the first of the following
events: death, any cancer diagnosis, or December 31, 2015.

Exposure Definition
Anti-TNF agents included infliximab and adalimumab. Inflix-
imab is administered at hospitals or private clinics, whereas
adalimumab is dispensed by pharmacies. Thiopurines
(azathioprine and 6-mercaptopurine) are dispensed by phar-
macies, which are authorized to deliver 1 month supply of treat-
ment. Drug exposures were assumed to start the day of the drug
infusion or delivery. Patients who received infliximab were con-
sidered as being exposed during the 2 months following the
infusion, whereas those who received adalimumab or thiopu-
rines were considered as being exposed for 1 month following
the delivery.

At each time of the follow-up, patients were categorized
as being exposed to thiopurine monotherapy, anti-TNF
monotherapy, or combination therapy, or being unexposed.
During follow-up, patients could be exposed successively to
different lines of IBD treatment and could therefore contrib-
ute to more than 1 group of exposure. Combination therapy
corresponded to a concomitant exposure to thiopurines and
anti-TNF agents.

Covariates
Two groups of covariates were considered. Time-fixed covar-
iates were defined at cohort entry and included sex, age, IBD
type and duration (≥10 years, 0-9 years, and incident pa-
tients), affiliation to Complementary Universal Health Insur-
ance (free access to health care for people with low income),
exposure to methotrexate and aminosalicylates in the preced-
ing 6 months of cohort entry, and history of cardiovascular dis-
ease, cerebrovascular disease, chronic pulmonary disease,
chronic kidney disease, diabetes, cirrhosis, obesity, alcohol use
disorder, and smoking-related conditions defined based on
ICD-10 codes listed in eTable 1 in the Supplement.

Time-dependent covariates included the following indi-
cators of IBD activity: exposure to corticosteroids, IBD-
related hospitalization, and IBD-related surgery. At any change
in exposure group, status with respect to corticosteroid use and
IBD-related hospitalization and surgery was updated accord-
ing to information available within 6 months prior to the treat-
ment change.

Outcomes
The main outcome was incident lymphoma as defined by the
following ICD-10 codes: C81, C82, C83, C84, C85, and C86.
Based on information from SNIIRAM and PMSI, lymphoma
onset was defined by the presence of at least 2 items among
the following: (1) hospitalization with a discharge diagnosis
of lymphoma; (2) 100% health insurance coverage for serious
and costly long-term disease with a diagnosis of lymphoma;
(3) chemotherapy in conjunction with a lymphoma diagno-
sis; and (4) radiotherapy in conjunction with a lymphoma
diagnosis. Patients who had only been hospitalized or
received long-term disease status for lymphoma were classi-
fied as having an “uncertain lymphoma diagnosis.” The rel-
evant variable was categorized into Hodgkin lymphoma
(ICD-10 code C81) and non-Hodgkin lymphoma for other ICD
codes attributable to lymphoma.

Statistical Analyses
Cox proportional hazard regression models were used to esti-
mate crude and adjusted hazard ratios (aHRs) and their 95%
CIs comparing the risk of lymphoma according to treatment
exposure treated as a time-dependent covariate. HRs com-
paring patients of each exposure group (thiopurine mono-
therapy, anti-TNF monotherapy, or combination therapy)
with unexposed patients (either never exposed or previously
treated but no longer exposed) were first estimated. Then,
HRs associated with (1) exposure to anti-TNF monotherapy
vs thiopurine monotherapy; (2) exposure to combination
therapy vs thiopurine monotherapy; and (3) exposure to
combination therapy vs anti-TNF monotherapy were esti-
mated. In multivariable analysis, models were adjusted for
baseline and time-dependent covariates.

Figure. Flowchart of the Study Population With Inflammatory Bowel
Disease (IBD) Taken From the French National Health Insurance Databases

57 415 Excluded
1665 HIV infected

34 184 Uncertain IBD diagnosis (only 1
hospitalization for IBD and no
prescription for IBD drug)

1210 Organ transplant recipients
20 356 Cancer before inclusion or cancer

<3 mo after IBD diagnosis among
incident cases

246 704 Patients aged ≥18 y diagnosed
as having IBD before December
31, 2013

189 289 Included in the study
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The main analysis included patients with either preva-
lent or incident IBD. Analyses were conducted overall and
according to the type of lymphoma (Hodgkin/non-
Hodgkin). Additional analyses included analyses restricted
to patients with incident IBD and analyses stratified by sex,
age (18-34, 35-64, and ≥65 years), and IBD type (Crohn dis-
ease or ulcerative colitis).

Various sensitivity analyses were conducted using alter-
native assessment criteria for exposure and outcome, espe-
cially in case of occurrence of IBD treatment switches or
withdrawals during follow-up. First, to exclude incipient
lymphoma events, a lag period of 3 or 6 months following the
initiation of each line of thiopurines and/or anti-TNF agents
was introduced. Follow-up during these lag periods did not
account for person-years in the exposed nor the unexposed
groups. Second, analysis was restricted to the first line of IBD
treatment by censoring follow-up time after any treatment
switch or withdrawal. Third, to account for a potential per-
sisting risk of lymphoma after treatment discontinuation,
exposure time was extended for 3 or 6 months following
treatment switch or withdrawal. In addition, an analysis
including patients with an uncertain diagnosis of lymphoma
was also performed.

All analyses were performed with SAS software version 9.3
(SAS Institute Inc). Statistical significance was defined as
P < .05; all alternative hypotheses were 2-sided.

Results
Between January 1, 2009, and December 31, 2013, 246 704
individuals were identified with IBD. Among them, 1665
were HIV positive, 1210 were organ transplant recipients,
20 356 had a history of cancer, and 34 184 had an uncertain
IBD diagnosis (Figure). A total of 189 289 individuals were
therefore included in the cohort, among whom 127 948 (68%)
had a prevalent IBD. The annual number of IBD incident
cases ranged between 11 411 and 13 212 from 2009 to 2013.
The median follow-up time was 6.7 years (interquartile range,
4.5-6.9 years).

Fifty-four percent of patients were women, and the
median age at cohort entry was 43 years (Table 1). During
follow-up, 123 069 patients (65%) remained persistently
unexposed, while 40 803 (22%) experienced both periods
of nonexposure and exposure to IBD treatments. Among
exposed patients, 50 405 (27%) were exposed at least
once to thiopurine monotherapy (mean exposure time, 17
months), 30 294 (16%) to anti-TNF monotherapy (19 months),
and 14 229 (7.5%) to combination therapy (8 months). At the
time of treatment initiation, 6% of patients initiating
thiopurine monotherapy had been previously exposed to
anti-TNF monotherapy (during 8 months on average) and
35% of patients initiating anti-TNF monotherapy had
been previously exposed to thiopurine monotherapy (12
months). At the time of initiation of combination therapy,
50% of patients had been previously exposed to thiopurine
monotherapy (7.5 months) and 43% to anti-TNF mono-
therapy (7 months).

Overall, 336 cases of lymphoma occurred: 220 in unex-
posed patients (incidence rate [IR] per 1000 person-years, 0.26;
95% CI, 0.23-0.29), 70 in patients exposed to thiopurine mono-
therapy (IR, 0.54; 95% CI, 0.41-0.67), 32 in patients exposed
to anti-TNF monotherapy (IR, 0.41; 95% CI, 0.27-0.55), and 14
in patients exposed to combination therapy (IR, 0.95; 95% CI,
0.45-1.45) (Table 2). Lymphoma occurred predominantly in
men (57%) at a median age of 60 years. Fifty four percent of
patients with lymphoma had Crohn disease, and the median
IBD duration at the time of lymphoma diagnosis was 8.5 years.
The most common lymphoma subtypes were nonfollicular
lymphoma (n = 130, 39%), including 83 patients with diffuse
large B-cell lymphoma; Hodgkin lymphoma (n = 55, 16%);
and follicular lymphoma (n = 41, 12%) (eTable 2 in the Sup-
plement). Hodgkin lymphoma accounted for 14% of all
lymphomas among unexposed patients, 19% among patients
exposed to thiopurines, 19% among patients exposed to anti-
TNF agents, and 43% among patients exposed to combina-
tion therapy (eTable 2 in the Supplement).

As compared with unexposed patients, the incidence of
lymphoma was higher among patients exposed to thiopurine
monotherapy, anti-TNF monotherapy, or combination
therapy, with absolute risk differences of 0.28, 0.15, and 0.69
per 1000 person-years, respectively (eFigure in the Supple-
ment). In multivariable analysis, compared with unexposed
patients, the risk of lymphoma was higher among those
exposed to thiopurine monotherapy (aHR, 2.60; 95% CI,
1.96-3.44; P < .001), anti-TNF monotherapy (aHR, 2.41; 95%
CI, 1.60-3.64; P < .001), or combination therapy (aHR, 6.11;
95% CI, 3.46-10.8; P < .001) (Table 3); the interaction across
treatment groups was not statistically significant (P = .94).
These increased risks associated with thiopurine mono-
therapy, anti-TNF monotherapy, and combination therapy
were observed both for non-Hodgkin lymphoma and Hodg-
kin lymphoma (Table 3), and corresponding HRs were of
similar magnitude when the analysis was restricted to the
61 341 patients with incident IBD (Table 3). Results were con-
sistent regardless of age, sex, and IBD type (eTable 3 in the
Supplement). Increasing age, male sex, Crohn disease diag-
nosis, and history of smoking-related conditions were also
independently associated with a higher risk of lymphoma
(eTable 4 in the Supplement).

The risk of lymphoma did not differ between patients
exposed to thiopurine monotherapy and those exposed to
anti-TNF monotherapy (aHR, 0.93; 95% CI, 0.60-1.44;
P = .93), but was higher in patients exposed to combination
therapy vs those exposed either to thiopurine monotherapy
(aHR, 2.35; 95% CI, 1.31-4.22; P < .001) or anti-TNF mono-
therapy (aHR, 2.53; 95% CI, 1.35-4.77; P < .001) (Table 4).
Among patients exposed to anti-TNF agents, the risk of lym-
phoma did not statistically differ between adalimumab and
infliximab (absolute risk difference, 0.04 per 1000 person-
years; aHR, 0.95; 95% CI, 0.47-1.90; P = .97).

Results regarding thiopurine monotherapy and anti-TNF
monotherapy remained unchanged in the various sensitivity
analyses, with aHR associated with thiopurine monotherapy
ranging from 2.47 (95% CI, 1.89-3.24) to 2.70 (95% CI, 1.94-
3.75) and aHR associated with anti-TNF monotherapy
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ranging from 2.48 (95% CI, 1.61-3.82) to 2.65 (95% CI, 1.56-
4.49) (eTable 5 in the Supplement). The increased risk of
lymphoma associated with combination therapy was consis-
tent across all sensitivity analyses, with aHR ranging from
4.69 (95% CI, 2.04-10.74) to 6.70 (95% CI, 4.01-11.2), except
in the analysis censoring time after any treatment switch or
withdrawal, which provided an aHR of 2.54 (95% CI, 0.34-
19.21) (P = .82) (eTable 5 in the Supplement).

Discussion
In this study based on a large nationwide cohort of patients
with IBD, exposure to thiopurine monotherapy, anti-TNF
monotherapy, or combination therapy was associated with

an increased risk of lymphoma compared with exposure to
neither of these treatments. The risk of lymphoma associated
with anti-TNF monotherapy did not differ from that with
thiopurine monotherapy, whereas this risk was higher with
combination therapy than with thiopurine or anti-TNF
monotherapy. Although these differences in the risk of lym-
phoma were significant in relative terms, their absolute mag-
nitude of less than 1 case per 1000 person-years should be
considered against the potential benefit of successful treat-
ment of IBD.

Several studies have reported an increased risk of lym-
phoma associated with thiopurines.7-9 A meta-analysis esti-
mated a standardized incidence rate of lymphoma associ-
ated with thiopurines of 2.80 (95% CI, 1.82-4.32) in
population-based studies,23 which is consistent with the HR

Table 1. Characteristics of Patients at Cohort Entry, Overall and by Exposure Group

Characteristic
Overall, No. (%)
(N = 189 289)

Exposure Group, No. (%)
Never Exposed
to Thiopurines
or Anti-TNF Agents
During Follow-up
(n = 123 069)a

Exposed to
Thiopurine
Monotherapy
(n = 50 405)a

Exposed to
Anti-TNF
Monotherapy
(n = 30 294)a

Exposed to
Combination
Therapy
(n = 14 229)a

Age, median (IQR), y 43 (32-56) 46 (35-59) 37 (27-48) 33 (25-44) 31 (24-42)

Age groups, y

18-34 57 692 (31) 28 631 (23) 22 104 (44) 15 095 (50) 8139 (57)

35-64 108 074 (57) 74 740 (61) 25 357 (50) 14 027 (46) 5749 (40)

≥65 23 523 (12) 19 838 (16) 2944 (6) 1172 (4) 341 (2)

Sex

Male 86 506 (46) 56 342 (46) 23 167 (46) 13 355 (44) 6531 (46)

Female 102 783 (54) 68 867 (54) 27 238 (54) 16 939 (56) 7698 (54)

Diagnosis of IBD

Crohn disease 95 537 (51) 51 322 (42) 32 488 (64) 22 309 (74) 10 199 (72)

Ulcerative colitis 93 752 (49) 71 887 (58) 17 917 (36) 7985 (26) 4030 (28)

Disease duration, y

≥10 41 933 (23) 29 699 (22) 9098 (18) 5153 (17) 2032 (14)

0-9 86 015 (45) 55 076 (45) 23 541 (47) 14 087 (47) 6443 (45)

Incident 61 341 (32) 38 434 (32) 17 766 (35) 11 054 (36) 5754 (41)

Affiliation to
Complementary Universal
Health Insuranceb

17 283 (9.0) 9679 (7.9) 5618 (11) 4033 (13) 1985 (14)

Comorbiditiesc

Diabetes 12 523 (6.6) 9440 (7.7) 2431 (4.8) 1176 (3.9) 468 (3.3)

Chronic pulmonary disease 11 338 (6.0) 7814 (6.3) 2561 (5.1) 1708 (5.6) 670 (4.7)

Cardiovascular disease 9659 (5.1) 7233 (5.9) 1862 (3.7) 1043 (3.4) 390 (2.7)

Smoking-related conditions 5537 (2.9) 3110 (2.5) 1725 (3.4) 1327 (4.4) 554 (3.4)

Cerebrovascular disease 3546 (1.9) 2763 (2.2) 627 (1.0) 323 (1.0) 139 (1.0)

Alcohol use disorder 3066 (1.6) 2153 (1.7) 1216 (1.4) 709 (1.5) 285 (1.3)

Obesity 2736 (1.4) 1821 (1.5) 1040 (1.2) 720 (1.5) 284 (1.3)

Chronic kidney disease 1728 (0.9) 1283 (1.0) 317 (0.6) 222 (0.7) 66 (0.5)

Cirrhosis 815 (0.4) 567 (0.5) 146 (0.3) 141 (0.5) 43 (0.3)

Other IBD medicationsd

Aminosalicylates 77 217 (41) 55 259 (45) 20 475 (41) 11 116 (37) 5310 (37)

Corticosteroids 22 261 (11.8) 12 036 (10) 10 412 (21) 7483 (25) 4066 (29)

Methotrexate 2609 (1.4) 1121 (0.9) 284 (0.5) 1487 (4.9) 183 (1.3)

IBD-related complicationsd

Hospitalization for IBD 6861 (3.6) 1660 (1.3) 7941 (16) 5701 (19) 4029 (28)

Surgery related to IBD 354 (0.2) 0 1443 (2.9) 1499 (5.0) 970 (6.8)

Abbreviations: IBD, inflammatory
bowel disease; IQR, interquartile
range; TNF, tumor necrosis factor.
a The total number is more than

189 289 as 1 patient could be
included in more than 1 group
of exposure.

b Free access to health care for people
with an annual income less than
50% of the poverty threshold.

c Defined based on International
Statistical Classification of Diseases
and Related Health Problems, Tenth
Revision codes listed in eTable 1
in the Supplement.

d As registered within 6 mo before
cohort entry.
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Table 3. HRs Comparing the Risk of Lymphoma in Patients Exposed to Thiopurine Monotherapy, Anti-TNF Monotherapy, and Combination Therapy
vs Unexposed Patients

Lymphoma Type

Exposed to
Thiopurine Monotherapy
vs Unexposed to
Thiopurines or
Anti-TNF Agents

Exposed to
Anti-TNF Monotherapy
vs Unexposed to
Thiopurines or
Anti-TNF Agents

Exposed to
Combination Therapy
vs Unexposed to
Thiopurines or
Anti-TNF Agents

Crude HR
(95% CI)

Adjusted HR
(95% CI)a

Crude HR
(95% CI)

Adjusted HR
(95% CI)a

Crude HR
(95% CI)

Adjusted HR
(95% CI)a

All Patients

All lymphoma 2.06 (1.58-2.70) 2.60 (1.96-3.44) 1.57 (1.08-2.28) 2.41 (1.60-3.64) 3.60 (2.10-6.19) 6.11 (3.46-10.8)

Hodgkin lymphoma 2.78 (1.45-5.33) 2.83 (1.37-5.84) 2.21 (0.92-5.35) 2.23 (0.81-6.13) 11.4 (4.76-27.2) 12.1 (4.46-33.1)

Non-Hodgkin lymphoma 1.95 (1.45-2.62) 2.57 (1.90-3.49) 1.47 (0.97-2.22) 2.48 (1.58-3.89) 2.38 (1.17-4.84) 4.48 (2.15-9.34)

Patients With Incident IBD

All lymphoma 1.58 (0.84-3.00) 2.35 (1.16-4.75) 0.98 (0.39-2.48) 1.49 (0.54-4.12) 3.14 (1.13-8.71) 5.90 (1.79-19.4)

Abbreviations: HR, hazard ratio; IBD, inflammatory bowel disease; TNF, tumor
necrosis factor.
a Multivariable Cox model adjusted for baseline characteristics including sex,

age, affiliation to Complementary Universal Health Insurance, IBD diagnosis

and duration, exposure to methotrexate and aminosalicylates, comorbidities
and time-dependent covariates including exposure to corticosteroids, and
IBD-related hospitalizations and surgical procedures.

Table 4. HRs Comparing the Risk of Lymphoma in Patients Exposed to Anti-TNF Monotherapy or Combination Therapy vs Thiopurine Monotherapy
and in Patients Exposed to Combination Therapy vs Anti-TNF Monotherapy

Lymphoma Type

Exposed to
Anti-TNF Monotherapy
vs Exposed to
Thiopurine Monotherapy

Exposed to
Combination Therapy
vs Exposed to
Thiopurine Monotherapy

Exposed to
Combination Therapy
vs Exposed to
Anti-TNF Monotherapy

Crude HR
(95% CI)

Adjusted HR
(95% CI)a

Crude HR
(95% CI)

Adjusted HR
(95% CI)a

Crude HR
(95% CI)a

Adjusted HR
(95% CI)a

All Patients

All lymphoma 0.76 (0.50-1.16) 0.93 (0.60-1.44) 1.75 (0.98-3.10) 2.35 (1.31-4.22) 2.30 (1.23-4.31) 2.53 (1.35-4.77)

Hodgkin lymphoma 0.80 (0.30-2.14) 0.79 (0.28-2.20) 4.10 (1.55-10.8) 4.29 (1.62-11.3) 5.14 (1.65-16.0) 5.44 (1.72-17.2)

Non-Hodgkin lymphoma 0.75 (0.47-1.20) 0.96 (0.59-1.56) 1.22 (0.58-2.56) 1.74 (0.82-3.69) 1.62 (0.74-3.59) 1.81 (0.81-4.00)

Patients With Incident IBD

All lymphoma 0.62 (0.22-1.76) 0.64 (0.22-1.87) 1.98 (0.64-6.14) 2.51 (0.78-8.13) 3.20 (0.86-12.0) 3.95 (1.01-15.5)

Abbreviations: HR, hazard ratio; IBD, inflammatory bowel disease; TNF, tumor
necrosis factor.
a Multivariable Cox models adjusted for baseline characteristics including sex,

age, affiliation to Complementary Universal Health Insurance, IBD diagnosis

and duration, exposure to methotrexate and aminosalicylates, comorbidities
and time-dependent covariates including exposure to corticosteroids, and
IBD-related hospitalizations and surgical procedures.

Table 2. Incidence of Lymphoma According to Exposure Group

Lymphoma Type

Overall
(1 060 336 PY)

Unexposed to Thiopurines
or Anti-TNF Agents
(838 611 PY)

Exposed to
Thiopurine Monotherapy
(129 743 PY)

Exposed to
Anti-TNF Monotherapy
(77 229 PY)

Exposed to
Combination Therapy
(14 753 PY)

No. of
Events

IR per 1000 PY
(95% CI)

No. of
Events

IR per 1000 PY
(95% CI)

No. of
Events

IR per 1000 PY
(95% CI)

No. of
Events

IR per 1000 PY
(95% CI)

No. of
Events

IR per 1000 PY
(95% CI)

All Patients

All lymphoma 336 0.32
(0.28-0.35)

220 0.26
(0.23-0.29)

70 0.54
(0.41-0.67)

32 0.41
(0.27-0.55)

14 0.95
(0.45-1.45)

Hodgkin lymphoma 55 0.05
(0.04-0.07)

30 0.03
(0.02-0.04)

13 0.10
(0.05-0.15)

6 0.08
(0.02-0.14)

6 0.41
(0.08-0.74)

Non-Hodgkin lymphoma 281 0.27
(0.21 -0.33)

190 0.23
(0.20-0.26)

57 0.44
(0.33-0.55)

26 0.34
(0.21-0.47)

8 0.54
(0.16-0.92)

Patients With Incident IBDa

All lymphoma 69 0.27
(0.21-0.33)

48 0.24
(0.17-0.31)

12 0.39
(0.17-0.61)

5 0.24
(0.03-0.45)

4 0.79
(0.01-1.57)

Hodgkin lymphoma 13 0.05
(0.02-0.08)

10 0.06
(0.03-0.09)

1 0.04
(0.0-0.10)

0 0 2 0.40
(0.0-0.95)

Non-Hodgkin lymphoma 56 0.22
(0.16-0.28)

38 0.19
(0.13-0.25)

11 0.36
(0.15-0.57)

5 0.24
(0.03-0.45)

2 0.40
(0.0-0.95)

Abbreviations: IBD, inflammatory bowel disease; IR, incidence rate; PY, person-years; TNF, tumor necrosis factor.
a Patients with incident IBD account for 254 927 PY of follow-up overall: 198 555 as unexposed, 30 698 as exposed to thiopurine monotherapy, 20 637 as exposed

to anti-TNF monotherapy, and 5037 as exposed to combination therapy.
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of 2.60 (95% CI, 1.96-3.44) found in the present study. As in
previous studies, the most common lymphoma subtypes
were diffuse large B-cell lymphoma, Hodgkin lymphoma,
and follicular lymphoma.12

The risk of lymphoma associated with anti-TNF agents
remains unclear.24 Monotherapy with anti-TNF agents was
not associated with an increased risk of malignancy, includ-
ing lymphoma, in meta-analyses of randomized clinical
trials25,26 nor in a nationwide Danish cohort study.10 In con-
trast, a study based on the Kaiser Permanente database
reported that the use of anti-TNF agents was associated with
an increased risk of lymphoma.12 However, most patients in
the study had been previously exposed to thiopurines, there-
fore, no clear conclusion could be drawn. In the present
study, restricting the analysis to the first line of IBD treat-
ment, and thus considering only sequences of anti-TNF
agents occurring in the absence of previous exposure to thio-
purines, did not modify the HR of lymphoma associated with
anti-TNF agents, thus providing further evidence for an asso-
ciation of anti-TNF agents with an increased risk of lym-
phoma. In addition, results were consistent for adalimumab
and infliximab. Because anti-TNF agents impair the function
of NK cells and negatively affect antilymphoma activity,27

there is a biological plausibility for the association of anti-
TNF agents with an increased risk of lymphoma.

The higher risk of lymphoma found in patients exposed
to combination therapy compared with either thiopurine or
anti-TNF monotherapy suggests that the increased risks asso-
ciated with each of these treatments used alone may accu-
mulate when they are combined. Additional evidence for
such a cumulative phenomenon was provided in the analysis
considering nonexposed patients as the comparison group:
the value of the HR estimate for combination therapy
(ie, 6.11), which was very close to the product of the corre-
sponding HR estimates for thiopurine monotherapy and anti-
TNF monotherapy (2.60 × 2.41, ie, 6.27), and the absence of
interaction between thiopurines and anti-TNF agents, which
suggests that the association of each of these treatments with
the risk of lymphoma remains of the same magnitude
whether they are used alone or in combination. Of note, com-
bination therapy was generally initiated in patients previ-
ously exposed to thiopurine or anti-TNF monotherapy, sug-
gesting that the increased risk found in patients with
combination therapy may result from past exposure rather
than from the combination therapy itself. However, results of
the various sensitivity analyses intended to distinguish
between current and past exposures were largely similar to
those of the main analysis. There was one exception in the
sensitivity analysis restricted to the first line of IBD treat-
ment, which did not show an increased risk of lymphoma in
patients exposed to combination therapy, although this
analysis was limited because it was based on only 2524
person-years of follow-up and a single case of lymphoma.

Strengths
This study had several strengths. First, the database is com-
prehensive in that it includes all medical prescriptions and
hospital stays for IBD in France. Second, by examining a

national database of patients with IBD over a 5.5-year period,
this study included a large number of patients treated with
anti-TNF therapy, either alone or in combination with thiopu-
rines. This allowed study of the association of each drug indi-
vidually and the combination of the drugs with lymphoma
incidence. A total of 336 patients with lymphoma was identi-
fied, including 70 in patients exposed to thiopurines. By
comparison, a meta-analysis included 93 patients with lym-
phoma, including 24 exposed to thiopurines.23

Limitations
This study had several limitations. First, including pa-
tients with prevalent IBD at cohort entry, who had possibly
been previously exposed to IBD treatment but had no his-
tory of cancer, may have selected the most resistant indi-
viduals and thus resulted in an underestimation of the asso-
ciation between exposure to IBD treatments and the risk of
lymphoma. However, analysis restricted to patients with
incident IBD provided similar results, suggesting that such
a selection bias, if any, was limited. Second, there was no
clinical validation of the SNIIRAM and PMSI data for
the diagnosis of IBD and lymphoma. However, IBD incidence
rates in this cohort were similar to those reported in pre-
vious studies.14 In addition, the identification of lymphoma
cases included a combination of criteria based on diag-
noses and indicators of therapeutic management recorded
in the SNIIRAM and PMSI databases, and results were con-
sistent when using an alternative definition of lymphoma.
Misclassification of lymphoma subtype between Hodgkin
and non-Hodgkin lymphoma could not be ruled out, particu-
larly for Hodgkin-like disease wrongly encoded as Hodgkin
lymphoma.28

Third, because combination therapy is often used in
severe forms of IBD, the association of combination therapy
with an increased risk of lymphoma may reflect a role of
the burden of inflammation rather than of treatment.29

This hypothesis cannot be excluded, although available
data did not provide evidence of an independent role of
IBD on the risk of lymphoma.30,31 Fourth, as this study was
based on administrative databases, clinical information,
such as disease activity, smoking history, or Montreal pheno-
type, were not available. Fifth, the duration of follow-up
under combination therapy in the study was relatively short
(8 months on average) and the absolute number of events
was small (14 events), resulting in wide confidence intervals.
Future studies will be necessary to assess the risks of lym-
phoma associated with these therapies over longer follow-up.

Conclusions
Among adults with IBD, the use of thiopurine monotherapy
or anti-TNF monotherapy was associated with a small but
statistically significant increased risk of lymphoma compared
with exposure to neither medication, and this risk was higher
with combination therapy than with each of these treatments
used alone. These findings may inform decisions regarding
benefits and risks of treatment.
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