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ABSTRACT

BACKGROUND: Inflammatory bowel dis-
ease (IBD) increases the risk of venous
thromboembolism (VTE) by 2 to 3 times.
We compared the reduction in risk of inci-
dent VTE associated with use of tumour
necrosis factor-o. (TNF-o) inhibitors ver-
sus nonbiologic immunomodulatory
agents in patients with IBD.

METHODS: This observational cohort
study used data from public (Medicaid,
2000-2010; Medicare, 2007-2013) and pri-
vate (Optum Clinformatics, 2004-2013)
health insurance programs in the United
States. We included a total of 21671
patients who had IBD without a prior diag-
nosis of cancer or VTE. The exposure of
interest was treatment initiation with

V

enous thromboembolism (VTE), which includes deep
vein thrombosis and pulmonary embolism, has been
identified as a major public health challenge in the

TNF-a. inhibitor or nonbiologic (azathio-
prine, mercaptopurine, methotrexate,
cyclosporine). The outcome of interest
was admission to hospital with VTE as the
principal diagnosis. We used Cox propor-
tional hazard regression models to esti-
mate hazard ratios (HRs) separately for
each database after risk adjustment for
more than 50 covariables using propensity
score fine stratification. We used inverse
variance meta-analytic methods to pool
the adjusted HRs across the 3 databases.

RESULTS: We included a total of 5173
patients who started TNF-o inhibitor
therapy (1439 in the Medicaid database,
1480 in Medicare and 2254 in Optum
Clinformatics) and 16498 who initiated

a nonbiologic agent (5041 in Medicaid,
5166 in Medicare, 6291 in Optum Clin-
formatics). The adjusted pooled HR for
VTE risk with TNF-o inhibitor versus a
nonbiologic agent was 0.78 (95% confi-
dence interval [CI] 0.60 to 1.02). The HR
was lower in patients with Crohn dis-
ease (pooled HR 0.62, 95% Cl 0.44 to
0.86) and younger patients (18-44 yr;
pooled HR 0.55, 95% CI 0.34 to 0.87).

INTERPRETATION: We did not find a sta-
tistically significant association between
risk of VTE and use of TNF-a inhibitors,
relative to nonbiologics, in patients with
IBD overall. However, an association was
evident for patients younger than 45
years and those with Crohn disease.

tion in current practice guidelines to use VTE prophylaxis for
patients with IBD who have been admitted to hospital.*°
Although the precise mechanism for increased VTE risk in IBD

United States owing to its common occurrence,! high case-
fatality rates? and large annual economic burden (US$7 billion to
US$10 billion).® The incidence rate of VTE is between 1 and 1.5
per 1000 person-years in Western populations;** however, the
incidence of VTE is reported to be 2 to 3 times higher among
patients with inflammatory bowel disease (IBD), including Crohn
disease and ulcerative colitis, than among age- and sex-matched
patients without IBD.® This observation led to the recommenda-

is unknown, a leading hypothesis is that the chronic activity of
inflammatory pathways in patients with IBD may trigger pro-
coagulant states, resulting in a heightened risk of clot forma-
tion.!* Tumour necrosis factor-o. (TNF-o), a pro-inflammatory
cytokine involved in the pathogenesis of IBD, activates coagula-
tion pathways.'? Blockade of TNF-o. with monoclonal antibodies
has been shown to reduce markers of coagulation and fibrinol-
ysis and to lead to reduced clot formation and normalization of
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clot lysis profiles.’®** However, it is not known whether use of
TNF-o. inhibitors reduces major VTE events in patients with IBD
to a greater extent than use of other (nonbiologic) immunomod-
ulatory treatments.

Therefore, we compared the risk of incident VTE in patients
with IBD who initiated treatment with a TNF-o. inhibitor or a non-
biologic agent, using data from 3 large health insurance data-
bases in the US. We hypothesized that the risk of VTE in these
patients would be lower with the use of TNF-o inhibitors than
with nonbiologic agents.

Methods

Data sources and study design

We conducted an observational cohort study using health insur-
ance claims data from Medicaid (2000-2010), Optum Clinformat-
ics (2004-2013) and Medicare (parts A, B and D; 2007-2013) data-
bases. These data sources contain comprehensive longitudinal
information on patient demographic characteristics, coded inpa-
tient and outpatient diagnoses and procedures, and outpatient
prescription dispensings for their enrollees.*®

Study cohorts

We identified patients with IBD from each of the 3 data sources
after 180 days of continuous enrolment, based on at least 2 out-
patient diagnoses or 1 inpatient diagnosis of Crohn disease
(International Classification of Diseases, 9th Revision [ICD-9]
code 555.xx) or ulcerative colitis (ICD-9 code 556.xx) and at least
1 filled prescription for either a TNF-a inhibitor (infliximab,
adalimumab, certolizumab or golimumab) or a nonbiologic
agent (mercaptopurine, azathioprine, methotrexate or cyclo-
sporine) within 365 days after diagnosis of IBD.*® We did not
include patients taking steroids in the nonbiologic group,
because steroid treatment is more likely to be used over the
short term to induce remission in patients with actively flaring
IBD, whereas other nonbiologics are more likely to be used
throughout the course of IBD, similar to the use of TNF-a inhib-
itors. We included only patients who filled a new prescription for
TNF-a inhibitor or a nonbiologic agent after 180 days of not
using either class of medication.’” The date of filling this new
prescription was defined as the index date. We excluded
patients who started an agent from both exposure groups on
the same index date, to prevent mixing of exposure effects on
the risk of VTE. We further required that patients identified as
having IBD have no recorded cancer or VTE diagnosis any time
before the index date and no anticoagulant use in the 180-day
period preceding the index date, to allow us to focus on IBD-
related incident VTE events. Appendix 1 (available at www.cmaj.
ca/lookup/suppl/doi:10.1503/cmaj.161485/-/DC1) summarizes
the study design and provides the number of patients who initi-
ated each study drug.

Drug exposure and follow-up

Patients were classified as having initiated a TNF-o inhibitor or a
nonbiologic agent on the basis of the index prescription. The
follow-up for VTE began on the day after the index date. For the

primary analysis, we used an “as-treated” follow-up approach,
whereby follow-up was stopped for patients who either filled a
prescription for a drug in the other exposure group or discon-
tinued the index exposure. Discontinuation was defined as no
record of a subsequent prescription of the index medication
class for 3 successive months, after accounting for the number
of days of exposure provided by the most recent prescription. As
a secondary approach, we conducted an intention-to-treat
analysis in which patients were followed in their index exposure
group, regardless of treatment change or discontinuation. With
both the as-treated and intention-to-treat approaches, we trun-
cated follow-up at the first of outcome occurrence, health insur-
ance disenrolment, death or the most recent date of data avail-
ability. The intention-to-treat analysis was considered a
secondary follow-up approach, because it is prone to exposed
person-time misclassification in observational studies of
patients receiving routine care, for whom treatment discontinu-
ations are frequent.®

Outcome measurement

The outcome of VTE was defined as a composite end point of
incident pulmonary embolism or deep vein thrombosis
recorded on hospitalization claims as the principal discharge
diagnosis. In a secondary approach, we defined VTE based on
primary diagnosis codes from inpatient or outpatient claims as
also including mild cases. The ICD-9 codes used to identify VTE
(summarized in Appendix 2, available at www.cmaj.ca/lookup/
suppl/doi:10.1503/cmaj.161485/-/DC1) have had high positive
predictive values in administrative claims databases (in the
range of 65% to 95%).° We used a probabilistic sensitivity analy-
sis to evaluate the impact of potential misclassification of the
outcomes on our results® (described in detail in Appendix 3,
available at www.cmaj.ca/lookup/suppl/doi:10.1503/
cMaj.161485/-/DC1).

Covariables

We identified a large number of covariables, which were mea-
sured in the 180-day baseline period preceding each patient’s
index date, unless otherwise specified. These consisted of demo-
graphic characteristics (age, sex, geographic region and race [not
available in the Optum Clinformatics database]), variables
related to IBD severity, other VTE risk factors, comorbidities, con-
comitant use of other drugs and markers of intensity of health
care use. Table 1 contains the full list of covariables considered
in this analysis. Because we did not have direct information avail-
able regarding IBD activity, such as the Crohn’s Disease Activity
Index or Simple Clinical Colitis Activity Index (for ulcerative coli-
tis), we undertook a sensitivity analysis to evaluate the effect of
unmeasured confounding on our reported estimates?! (described
in detail in Appendix 4, available at www.cmaj.ca/lookup/suppl/
doi:10.1503/cmaj.161485/-/DC1).

Statistical analysis

We stratified all of the statistical analyses by data source. We
report crude incidence rates of VTE for both exposure groups,
crude differences in incidence rate and crude incidence rate
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Table 1 (part 1 of 2): Baseline characteristics (crude data)* of patients with IBD initiating TNF-c. inhibitor or nonbiologic

agent

Characteristic

Demographic

Age, yr, mean + SD

Ethnicity, white, %

Ethnicity, black, %

Sex, female, %

Type of IBD

Crohn disease, %

Ulcerative colitis, %

Other IBD-related medication use in past 6 mo
Cumulative use of 5-ASA compound, d, mean + SD

Cumulative oral steroids, mg prednisone
equivalent, mean + SD

IBD-related health care utilization in past 6 mo
No. hospital admissions with IBD, mean + SD
No. of gastroenterologist visits, mean + SD
Variables indicating IBD severity
Anemia, %

Blood transfusion, %

Clostridium difficile infection, %

Active fistulizing or internal penetrating disease, %
Malnutrition, %

Obstructing or stricturing disease, %

Total parenteral nutrition, %

Volume depletion, %

Intra-abdominal surgical procedures, %
Other risk factors for VTE

Extremity fractures, %

Pregnancy, %

Cardiovascular surgical procedures, %
Obstetric surgical procedures, %
Musculoskeletal surgical procedures, %
Non-oral contraceptives, %

Oral contraceptives, %

Hormone replacement therapy, %
Comorbidities

Myocardial infarction, %

Angina, %

Chronic obstructive pulmonary disease, %
Cerebrovascular events, %

Heart failure, %

Diabetes mellitus, %

Hyperlipidemia, %

Hypertension, %

Obesity, %

Rheumatoid arthritis, %

Smoking, %

Medicaid

TNF-o inhibitor
n=1439

32.3+11.1
73.4
17.6
69.2

87.6
12.4

32.1+50.2
770.3+1386.9

0.3+£0.6

Not available

22.0
&3
1.2
7.2
85

11.7
2.4

18.1

20.0

1.6
7.4
6.3
1.8
%5
2.7
83
25

0.6
1.8
16.8
5
18
6.2
73
15.8
6.2
5.6
21.0

Nonbiologic
n=5041

33.3+11.6
68.1
18.0
66.2

74.4
25.6

43.7+59.4
1030.7 £1073.5

0.4+0.7

Not available

24.5
4.2
13
6.2
83

125
2.1

17.6

25.2

1.6
6.6
SN
24
1.0
32
8.8
2.6

0.5
1.8
18.9
1.6
1.8
7.6
9.7
159
515
3.7
17.6

Medicare

TNF-o inhibitor
n=1480

53.3+16.8
85.1
10.7
62.6

7.2
22.8

45.4 +66.5
794.9 £1221.9

0.3£0.7

Not available

35.7
6.0
2.5
7.8
6.6

15.1
24

25.9

198

25
1.2
25
1.0
0.9

2.7
5.0

16
45
28.8
4.9
5.6
21.8
443
50.5
121
176
27.5

Nonbiologic
n=5166

61.2+153
87.4
7.8
65.4

515
42.5

55.2+74.5
737.2+£2376.4

0.2+£0.5

Not available

33.4
5.0
3.2
3.4
4.2

12.1
17

22.5

18.4

32
0.5
6.3
0.5
17

1.2
5.6

2.8
7.6
334
73
10.0
27.8
60.2
64.0
12.8
14.3
19.8

Optum Clinformatics

TNF-o inhibitor
n=2254

37.0+12.6
Not available
Not available

53.4

76.2
23.8

46.4+67.4
869.4+1231.7

0.3+0.6
55+6.0

232
2.6
2.1
7.1
83

12.1
211

153

30.1

0.9
2:3)
4.6
0.7
0.6
19
11.2
2.1

0.4
1.1
13.0
0.8
0.6
5.6
16.6
17.0
4.6
7.1
11.1

Nonbiologic
n=6291

BOICESISID
Not available
Not available

51.6

58.0
42.0

62.4+75.4
872.9+1197.0

0.2+0.5
45+53

19.3
19
1.6
4.7
2.0
L
1.2

12.1

30.4

11
1.4
3.2
0.6
0.9
1.8
10.7
3.2

0.6
i3
11.7
0.8
1.0
6.7
20.6
18.9
4.6
39
8.7
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Table 1 (part 2 of 2): Baseline characteristics (crude data)* of patients with IBD initiating TNF-c. inhibitor or nonbiologic

agent
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Medicaid Medicare Optum Clinformatics

TNF-o inhibi Nonbiologic TNF-ainhibitor ~ Nonbiologic TNF-o inhibitor Nonbiologic
Characteristic n=1439 n=5041 n=1480 n=5166 n=2254 n=6291
Concurrent medications
Antiplatelet agents, % 0.4 0.5 3.2 5.4 0.5 0.9
ASA, % 0.7 1.2 0 0 0.4 0.4
COX-2 inhibitors, % &l 4.2 3.4 S8} 1.8 2.4
Nonselective NSAIDs, % 14.3 17.1 17.6 18.6 10.2 8.8
Opioids, % 54.6 51.4 57.7 42.8 43.3 323
Statins, % 2.5 3.6 19.2 28.4 4.5 7.2
Health care use factors
No. of office visits, mean + SD 5.0+4.5 44+3.8 7.1+£5.1 6.8+4.8 54+3.9 4.8+3.5
No. of emergency department visits, mean + SD 13+21 1.2+2.0 1.2+24 09+19 0.6+1.2 0.4+0.9
No. of distinct drugs used, mean + SD 7.7+6.1 8.0+6.1 10.1+6.2 9.8+5.9 6.7+4.9 6.2+4.6

Note: ASA = acetylsalicylic acid , COX = cyclo-oxygenase, IBD = inflammatory bowel disease, NSAID = nonsteroidal anti-inflammatory drug, SD = standard deviation, TNF = tumour

necrosis factor, VTE = venous thromboembolism.

*Data after propensity score weighting are presented in Appendix 5 (available at www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj.161485/-/DC1). Other patient characteristics that were
balanced between the 2 treatment groups by inclusion in the propensity score model but not shown in this table were geographic region; calendar year; alcohol abuse; psoriatic
arthritis; multiple sclerosis; serious bacterial or opportunistic infection; and use of angiotensin-converting enzyme inhibitors, angiotensin-receptor blockers, diuretics, calcium-
channel blockers, oral hypoglycemic agents, insulin, nonstatin lipid-lowering agents and natalizumab. Race information was not recorded in the Optum Clinformatics database, and

information on specialist visits was not available in the Medicare and Medicaid databases.

ratios, along with 95% confidence intervals (Cls), comparing the
unadjusted rates of VTE in the TNF-a inhibitor group and the
nonbiologic group.

We used propensity score methods to account for potential
confounding. Propensity scores, which were defined as the pre-
dicted probability of receiving a TNF-a inhibitor conditional
upon patients’ covariable constellations, were calculated sepa-
rately for each data source using multivariable logistic regression
models that included the covariables described above and the
calendar year of the index date as independent variables. We
trimmed the non-overlapping portions of the propensity score
distributions to exclude noncomparable patients and created 50
propensity score strata, based on the distribution of propensity
scores in the exposed patients.?? We then weighted unexposed
patients proportional to the distribution of exposed patients in
the stratum into which they fell. Balance achieved after weight-
ing was shown with standardized differences.?®* We used
weighted Cox proportional hazard models to estimate the
adjusted hazard ratios (HRs) between TNF-o inhibitor use and
the risk of VTE. We also determined adjusted risk differences
between the 2 treatment groups at 12 months,?* along with 95%
Cls constructed using nonparametric bootstrap sampling with
500 samples. The proportional hazards assumption was tested
using Schoenfeld residuals for the treatment variable.?> All analy-
ses were conducted in SAS software, version 9.4 (SAS Institute).

After conducting individual patient-level analysis in each
database, we pooled the adjusted HRs for TNF-a inhibitors
versus nonbiologics across the 3 data sources using inverse
variance-weighted random-effects meta-analytic methods (with
Cochrane Manager R [RevMan] software) to provide a summary
estimate. As a sensitivity analysis, we also determined pooled

estimates after excluding 1 data source at a time, to rule out the
possibility of estimates from 1 of the 3 data sets highly influenc-
ing the pooled estimates.

Subgroup analysis

We defined several subgroups of interest: patients with active
IBD (defined as ongoing use of steroids or a hospital admission
during the baseline period with IBD as the principal diagnosis),®
2 strata by IBD subtype (Crohn disease and ulcerative colitis) and
3 strata defined by patient age (18-44 yr, 45-64 yr, = 65 yr).%* To
account for confounding in these subgroup analyses, we used
fine stratification based on the propensity score, with models
built separately within each subgroup in each database.

Ethics approval
The use of the de-identified databases described above was
approved by the Institutional Review Board of Brigham and
Women'’s Hospital.

Results

Study cohort selection and patient characteristics

Across the 3 data sources, we identified a total of 21671 patients
with IBD who initiated treatment with either a TNF-o. inhibitor
(5173 or 23.9%) or a nonbiologic agent (16498 or 76.1%) who did
not have a prior cancer diagnosis, VTE diagnosis or anticoagulant
use in the baseline period (Figure 1). In all 3 data sources, a
majority of the patients were women, with the Optum Clinfor-
matics cohort having a lower proportion of women than the
Medicare and Medicaid cohorts (4450/8545 [52.1%] v. 4306/6646
[64.8%] and 4334/6480 [66.9%], respectively). The average age
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was lowest in the Medicaid cohort (33.6 yr, standard deviation
[SD] 12.7 yr) and highest in the Medicare cohort (59.5 [SD 15.2]
yr). The proportion of patients with a diagnosis of Crohn disease
was higher in the Medicaid cohort than in the Medicare and
Optum Clinformatics cohorts (5012/6480 [77.3%] v. 4112/6646
[61.9%] and 5363/8545 [62.8%], respectively). There were some
appreciable differences in the characteristics of the 2 treatment
groups among the 3 data sources (Table 1 and Appendix 5 [avail-
able at www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj.161485/-/
DC1]). For example, the diagnosis of ulcerative colitis, the use of
acetylsalicylic acid medications and mean age were higher
among patients initiating nonbiologic agents, whereas the diag-
nosis of Crohn disease was more common among those initiating
TNF-o inhibitor. The propensity score stratification and weight-
ing approach rendered the 2 treatment groups comparable by
eliminating imbalances in all of the measured covariables (see
Figure 2 for standardized differences before and after propensity
score weighting; the propensity score distributions are shown in
Appendices 6-8, available at www.cmaj.ca/lookup/suppl/
doi:10.1503/cmaj.161485/-/DC1).

Risk of VTE

Crude incidence rates (reported per 100 person-years) for VTE
were similar for the 2 treatment groups in the Medicare and
Optum Clinformatics cohorts (2.52 [95% CI 1.86 to 3.36] and 2.58

Study flow

Patients = 18 yr with 2 outpatient or 1 inpatient IBD
claim + 1 filled prescription of TNF-a inhibitor or

nonbiologic agent after 6 mo continuous
enrolment in respective health plan

Excluded: Prevalent users of TNF-a
inhibitor or nonbiologic agent

New users of TNF-a inhibitor
or nonbiologic

Excluded: Prior diagnosis
of cancer

New users of TNF-a inhibitor or
nonbiologic without cancer

Excluded: prior diagnosis of VTE
or anticoagulant use

New users of TNF-a inhibitor or

nonbiologic without cancer or VTE

Medicaid

n=15304

nonbio ~

[95% CI 2.19 to 3.04] in the Medicare cohort and 0.66 [95% CI 0.37
to 1.10] and 0.70 [95% CI 0.51 to 0.95] in the Optum Clinformatics
cohort for TNF-a inhibitor and nonbiologic groups, respectively),
whereas in the Medicaid cohort, the rate was somewhat lower for
the TNF-o inhibitor group (0.79 [95% Cl 0.34 to 1.55] and 1.31
[95% C1 0.98 to 1.72], respectively) (Table 2).

Figure 3 shows the cumulative incidence of VTE in the 2 treat-
ment groups adjusted for baseline covariables using propensity
score weighting. At 1 year, the adjusted risk differences between
TNF-o inhibitor and nonbiologic groups were -0.93% (95% ClI
-1.77% to -0.25%) in the Medicaid cohort, -0.09% (95% CI -1.31%
to 1.72%) in the Medicare cohort and -0.51% (95% ClI -1.42% to
0.20%) in the Optum Clinformatics cohort.

The adjusted HRs for use of TNF-o inhibitor versus nonbiologic
agent were 0.58 (95% Cl 0.27 to 1.23) in the Medicaid cohort, 0.87
(0.63 to 1.22) in the Medicare cohort and 0.66 (95% Cl 0.37 to 1.17)
in the Optum Clinformatics cohort, with a pooled HR of 0.78 (95%
C1 0.60 to 1.02) (Figure 4). Although the p values for the correlation
between Schoenfeld residuals and ranked event times did not
indicate violations of the proportional hazards assumption, the
cumulative incidence plots (Figure 3) indicated that hazards of VTE
for the 2 treatment groups crossed for the Medicaid and Medicare
cohorts early during follow-up (at 3.5 and 5 months, respectively).
Therefore, we used an extended Cox model with a Heaviside func-
tion to provide separate HRs in the early and late follow-up

Medicare

n=28030

—— Excluded — Excluded Excluded
n=_8268 n=19337 n=20778
Y
n=7036 n=28693 n=9092
— Excluded — Excluded — Excluded
n=270 n=1177 n=274
Y Y \4
n=6766 n=7516 n=28818
— Excluded — Excluded — Excluded
n=286 n=870 n=273
\4 \ 4 Y
n=6480 n=6646 n=8545
Nonri = 1439 Nonri = 1480 Ninri = 2254
5041 Nponbio = 5166 Nponbio = 6291

Figure 1: Flow chart for patient selection. Note: IBD = inflammatory bowel disease, TNF = tumour necrosis factor, TNFi = tumour necrosis factor-o. inhibitor,

VTE =venous thromboembolism.
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A Demographic variables {
Age, yr 4

White race

Black race 4

Female -

Ter of IBD -

Crohn disease

Ulcerative colitis -

Other IBD-related medication use in last 6 mo
Cumulative days of 5-ASA compound use -
Cumulative oral steroids (mg prednisone equivalent) 4
IBD-related health care utilization in last 6 mo
Mean no. of hospitalizations with IBD 4

Mean no. of gastroenterologist visits

Variables indicating IBD severity -

Anemia -

Blood transfusion

Clostridium difficile infection 4

Active fistulizing or internal penetrating disease 4
Malnutrition -

Obstructing or stricturing disease -

Total parenteral nutrition -

Volume depletion -

Intra-abdominal surgical procedures 4

Other risk factors for VTE -

Extremity fractures

Pregnancy -

Cardiovascular surgical procedures -

Obstetric surgical procedures 4

Musculoskeletal sur%mal procedures 4

Non-oral contraceptives -

Oral contraceptives -

Hormone replacement therapy -

Comorbidities, comedications and health care use factors -
Myocardial infarction 4

Angina -

COPD +

Cerebrovascular events 4

Heart failure -

Diabetes mellitus 4

Hyperlipidemia -

Hypertension -

Obesity

Rheumatoid arthritis 4

Smoking

Antiplatelet agents

ASA -

COX-2 inhibitors 4

Nonselective NSAIDs

Opioids

Statins -

No. of office visits 4

No. of emergency department visits

No. of distinct drugs used

-50

T T T
-25 0 25
Standardized difference

Population Medicaid Medicare Optum

B Demographic variables {

Age, yr 4

White race 4

Black race -

Female 4

Type of IBD 4

Crohn disease -

Ulcerative colitis +

Other IBD-related medication use in last 6 mo -

Cumulative days of 5-ASA compound use -
Cumulative oral steroids (mg prednisone equivalent) -

IBD-related health care utilization in last 6 mo -

Mean no. of hospitalizations with 1BD 4

Mean no. of gastroenterologist visits 4

Variables indicating IBD severity -

Anemia

Blood transfusion 4

Clostridium difficile infection -

Active fistulizing or internal penetrating disease

Malnutrition -

Obstructing or stricturing disease -

Total parenteral nutrition +

Volume depletion 4

Intra-abdominal surgical procedures -

Other risk factors for VTE -

Extremity fractures 4

Pregnancy -

Cardiovascular surgical procedures -

Obstetric surgical procedures -

Musculoskeletal surgical procedures

Non-oral contraceptives -

Oral contraceptives 4

Hormone replacement therapy 4

Comorbidities, comedications and health care use factors -

Myocardial infarction -

Angina 4

COPD ~

Cerebrovascular events -

Heart failure 4

Diabetes mellitus -

Hyperlipidemia

Hypertension

Obesity +

Rheumatoid arthritis +

moking +

Antiplatelet agents 4

ASA 4

COX-2 inhibitors 4

Nonselective NSAIDs 4

Opioids 4

Statins 1

No. of office visits 4

No. of emergency department visits 4

No. of distinct drugs used 4

a
F Y
A

-50

-25 0 25
Standardized difference

Population Medicaid Medicare Optum

50

Figure 2: Balance in baseline characteristics before (A) and after (B) propensity score weighting among patients with inflammatory bowel disease (IBD)
initiating tumour necrosis factor-a. inhibitor or nonbiologic agent. The dotted vertical lines mark standardized differences of -10 or +10, which were
suggested by Austin?® as boundaries when evaluating balance. Note: ASA = acetylsalicylic acid, COPD = chronic obstructive pulmonary disease, COX =
cyclo-oxygenase, NSAID = nonsteroidal anti-inflammatory drug, VTE = venous thromboembolism.
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periods. The pooled HRs from this analysis were less precisely esti-
mated but were qualitatively similar to the main analysis (0.85
[95% C10.59 to 1.21] and 0.73 [95% Cl 0.47 to 1.15] for the early and
late periods, respectively; Appendix 9, available at www.cmaj.ca/
lookup/suppl/doi:10.1503/cmaj.161485/-/DC1). The pooled HR
was 0.90 (95% CI 0.75 to 1.10) for the intention-to-treat follow-up
approach and 0.85 (95% CI 0.69 to 1.04) for VTE defined on the
basis of inpatient or outpatient diagnosis (Figure 5).

Subgroup analyses

In the subgroups of patients with Crohn disease and younger
age (18-44 yr), we found statistically significant reductions in
VTE risk with TNF-o. inhibitor treatment (pooled HR 0.62 [95% Cl
0.44 to 0.86] and 0.55 [95% CI 0.34 to 0.87], respectively). For
other subgroups, the differences were not statistically signifi-
cant (Figure 5).

Sensitivity analyses

The corrected relative risk estimates from the sensitivity analysis
evaluating the impact of outcome misclassification were in the
range of 0.53 to 0.61, suggesting that our main analysis may have
underestimated the true effect of TNF-a. inhibitor use on VTE risk
(Appendix 3). In a second set of sensitivity analyses, we observed
that unmeasured confounding by disease activity could have
altered our findings only if the proportion of patients with severe
disease was more than 2-fold higher in the reference group
(Appendix 4). Finally, we observed consistency in the direction of
all reported pooled estimates, regardless of the data sources com-
bined, which indicates a low potential that any data source had
undue influence in our pooled estimates (Appendix 10, available at
www.cmaj.ca/lookup/suppl/doi:10.1503/cmaj.161485/-/DC1).

Interpretation

VTE has emerged as an important comorbid complication in
patients with IBD.5 In this large observational study of more
than 21000 patients with IBD, we did not find a statistically sig-
nificant association between risk of VTE and use of TNF-o. inhib-
itors relative to nonbiologics in patients with IBD overall. How-
ever, the association between TNF-o. inhibitors and reduced VTE
risk was statistically significant for patients with Crohn disease
and for younger patients.

Our findings are consistent with prior hypothesis-generating
studies that reported a potential association between use of
TNF-o inhibitors and reduced VTE risk.1*?"-2 Qur data support the
notion that more aggressive control of inflammation in IBD by
means of TNF-a inhibition may lead to reductions in coagulation
and fibrinolysis, which ultimately could reduce the risk of VTE.
The observed protective association between TNF-o inhibitor
use and VTE was strongest for young patients, which suggests
that when IBD is the predominant risk factor for VTE, aggressive
inflammation control with TNF-o inhibitors may lead to clinically
significant VTE risk reduction.

Our study has important clinical implications. Increased VTE
incidence is a major cause of concern for patients with IBD,
because it has been associated with an approximately 50%
increase in length of hospital stay, an increase in hospitaliza-
tion costs of nearly US$25000 and a 2.1-fold increase in in-
hospital mortality.?® Although anticoagulant prophylaxis, as
recommended by clinical guidelines, should be a major empha-
sis during hospital admissions for IBD,>*° these data suggest
that more aggressive inflammation control with TNF-cot inhib-
itors in ambulatory patients has a potential role in reducing the

Table 2: Crude estimates for absolute and relative measures of VTE incidence in patients with inflammatory bowel disease

who started treatment with a TNF-a inhibitor or nonbiologic agent

No. of PYs of VTE
Data source and treatment patients follow-up events
Medicaid, 2000-2010
Nonbiologics 5041 3957 52
TNF-acinhibitors 1439 1015 <11*
Medicare, 2007-2013
Nonbiologics 5166 5726 148
TNF-acinhibitors 1480 1862 47
Optum Clinformatics, 2004-2013
Nonbiologics 6291 5964 42
TNF-acinhibitors 2254 2258 15
Overall
Nonbiologics 16 498 15647 242
TNF-acinhibitors 5173 5135 70

IR/100 PY IR difference/100 PY IR ratio
(95% Cl) (95% ClI) (95% Cl)
1.31(0.98to0 1.72) 1.00 (ref) 1.00 (ref)

0.79 (0.34 to 1.55)

2.58 (2.19 t0 3.04)
2.52 (1.86 10 3.36)

0.70 (0.51 t0 0.95)
0.66 (0.37 to 1.10)

1.55 (1.36 to 1.75)
1.36 (1.06 to 1.72)

-0.52 (-1.17t0 0.13)

1.00 (ref)
-0.06 (-0.89 t0 0.77)

1.00 (ref)
-0.04 (-0.44 t0 0.36)

1.00 (ref)
-0.19 (-0.56 t0 0.18)

Note: CI = confidence interval, IR = incidence rate, PY = person-year, TNF = tumour necrosis factor, VTE = venous thromboembolism.
*Actual number suppressed, as required by data-use agreement with the Centers for Medicare and Medicaid Services for counts below 11.

0.60 (0.29 to 1.26)

1.00 (ref)
0.98 (0.71 to 1.36)

1.00 (ref)
0.94 (0.52 to 1.69)

1.00 (ref)
0.88 (0.67 to 1.15)
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Figure 3: Cumulative incidence of venous thromboembolism among patients with
inflammatory bowel disease initiating tumour necrosis factor (TNF)-o. inhibitor or non-
biologic agent, adjusted for baseline characteristics through propensity score weight-
ing. Patients initiating a TNF-a inhibitor constituted the treatment group; those initiat-
ing a nonbiologic agent constituted the reference group.

IBD-attributable VTE risk. However, the risk-benefit
ratio for TNF-a inhibitor treatment could vary
depending upon the clinical scenario. For instance,
in young patients with IBD who are at higher VTE risk
because of very high disease activity, TNF-a inhibi-
tors may clearly be preferable over nonbiologic
agents, whereas in equivalent older patients, the
lack of convincing benefit in terms of VTE risk, com-
bined with a higher risk of serious adverse events
such as serious infections,*® could shift the ratio
toward risk over benefits. Moreover, drug selection
in IBD is complex and depends on many factors in
addition to VTE risk, most importantly, the expected
effectiveness in controlling active disease and the
risk of important adverse events, such as infections
and malignancies, in certain patients. Although the
potentially lower VTE risk that we observed in
younger patients and patients with Crohn disease is
an important clinical finding, eventual treatment
decisions should be based on a multitude of patient-
specific factors.

Strengths and limitations

Our study had several notable strengths. First, we
accounted for various confounding factors through
sound study design and rigorous statistical analysis.
Second, owing to a large sample size and inclusion
of patients from a wide age range, we were able to
separately evaluate the effect of TNF-a inhibitor use
on VTE risk in different age groups and to provide
important evidence of heterogeneous treatment
effect by age. Finally, we conducted a wide range of
sensitivity analyses to evaluate the robustness of
our findings.

The potential for residual confounding by indica-
tion is an important limitation of this study, as we
were unable to account for IBD disease activity, body
mass index or physical activity. However, we adjusted
for a large number of IBD-related covariables as proxy
variables for disease severity, as well as markers of
health care utilization, and evaluated the impact of
unmeasured confounding by disease activity on our
estimates in a sensitivity analysis.

Conclusion

This large nationwide observational study of
patients with IBD provides preliminary evidence of a
potential association between treatment with TNF-
ainhibitor and reduction in VTE risk among patients
younger than 45 years and patients with Crohn dis-
ease. Although future research confirming this find-
ing is recommended, this study adds to a growing
body of evidence that optimizing medical manage-
ment of IBD for better disease control could lead to
reductions in the comorbidities associated with IBD
and ultimately improve patients’ quality of life.
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Figure 4: Comparative risk of incident venous thromboembolism between patients with inflammatory bowel disease initiating tumour necrosis
factor-atinhibitor (TNF-I) and those initiating a nonbiologic agent. Note: Cl = confidence interval.

Analysis Hazard ratio (95% Cl)

<—Favours TNF-I | Favours nonbiologic————>

Main analysis 0.78 (0.60-1.02)
Secondary analyses
Intention-to-treat 0.90 (0.75-1.10)

Outpatient or inpatient VTE 0.85 (0.69-1.04)

Subgroup analyses
Active IBD 0.58 (0.25-1.30)

Crohn disease 0.62 (0.44-0.86)

Ulcerative colitis 1.05 (0.49-2.23)

Age 18—44 yr 0.55 (0.34-0.87)
Age 45—64 yr 0.84 (0.38-1.83)
Age =65 yr 1.33(0.89-1.98)
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Figure 5: Secondary and subgroup analyses for the comparative risk of incident venous thromboembolism (VTE) among patients with inflammatory bowel dis-
ease (IBD) initiating tumour necrosis factor-o. inhibitor (TNF-I) or nonbiologic agent. Hazard ratios for all subgroups were pooled after individual analysis of the
Medicaid, Medicare and Optum Clinformatics cohorts, except for the subgroup analysis involving patients 65 years of age or older; for that analysis, only the
Medicare cohort was included because the numbers of cases in the Medicaid and Optum Clinformatics cohorts were insufficient to conduct comparisons.
Note: CI = confidence interval.
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