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ABSTRACT

Introduction: Real-life patterns of anti-tumour necrosis
factor (anti-TNF) use remain largely unknown. We aimed
to investigate survival rates, clinical outcomes and costs
of anti-TNF agents in a large population of patients with
inflammatory bowel disease (IBD).

Methods: Health insurance data from 22,082 IBD patients
were provided by Achmea Healthcare. Time to anti-TNF
discontinuation, treatment intensification, corticosteroid
initiation and hospitalisation were analysed in patients
starting on anti-TNF treatment from January 2008 until
December 2014. Treatment regimens were analysed at
different time points.

Results: In this cohort, 855 and 1199 subjects started
infliximab and adalimumab treatment, respectively.
The median time to anti-TNF discontinuation was
6oo days (IQR 156-1693). The proportion of subjects
receiving intensified treatment increased over time
(infliximab at 3 vs. 24 months: 22.2% vs. 33.6%, p = 0.01;
adalimumab at 3 vs. 24 months: 10.5% vs. 19.3%,
p < o.oo01). Cessation of anti-TNF treatment was less
common in Crohn’s disease patients (HR o.79, p = 0.001)
and in patients receiving intensified treatment (HR
0.62, p = 0.001). Immunomodulator use was associated
with a longer time to corticosteroid initiation (HR 0.80,
p = 0.048), but not with longer drug survival (HR 0.99,
p = 0.617). Hospitalisation was more common in Crohn’s

patients (HR 1.49, p = o.o11). Corticosteroid initiation
was lower in Crohn’s patients (HR o.57, p < 0.001) and in

patients using infliximab (HR o.55, p < 0.001).

Conclusions: Discontinuation of anti-TNF therapy occurred
earlier than previously reported and was associated with
a diagnosis of ulcerative colitis and non-intensified
anti-TNF treatment. Immunomodulator use at the start of
anti-TNF treatment was associated with a longer time to
corticosteroid initiation, but not with longer drug survival.
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INTRODUCTION

The introduction of anti-tumour necrosis factor (anti-TNF)
antibodies has revolutionised the therapy of Crohn’s
disease and ulcerative colitis, collectively known as
inflammatory bowel disease (IBD). Anti-TNF agents are
able to induce and maintain remission in IBD patients.*¢
Infliximab was registered in the Netherlands for Crohn’s
disease in 1999 and for ulcerative colitis in 2006 and
adalimumab was registered in the Netherlands for
Crohn’s disease and ulcerative colitis in 2007 and 2012,
respectively.

The clinical management of IBD patients with anti-TNF
agents is complicated by primary and secondary
non-response. Approximately 30% of patients do
not respond to anti-TNF induction therapy (primary
non-responders),”” and up to half of initial responders
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will gradually lose response over time (secondary
non-responders)."#" Primary and secondary non-response
are related to low serum drug concentrations and the
development of anti-drug antibodies.’>" The proportion of
IBD patients with a durable response to anti-TNF treatment
in a reallife setting has been investigated in relatively
small cohorts.’o™

Several strategies are used to prevent and treat primary
and secondary non-response to anti-TNF agents. Firstly,
combination therapy (consisting of an anti-TNF agent
combined with an immunomodulator) is more effective
compared with anti-TNF monotherapy,?® which can (at
least partly) be explained by reduced anti-drug antibody
formation.>* Secondly, loss of response can often be
managed by increasing the dose and/or decreasing the
dosing interval of the anti-TNF agent.?> Thirdly, loss
of response to anti-TNF agents, especially when this is
related to anti-drug-antibody formation, can be overcome
by switching to another anti-TNF agent,** or by adding
an immunomodulator if a patient is receiving anti-TNF
monotherapy.

It is unknown how many IBD patients receive combination
therapy and how often anti-TNF treatment is intensified in
daily practice. Furthermore, associated treatment outcomes
and drug costs of anti-TNF agents in a large real-life
population are relatively unknown. Van der Valk et al.
studied IBD health care and medication costs in a Dutch
cohort of 2252 patients in 2011. Bernstein et al. assessed
costs of IBD management in a large real-life Canadian
cohort in 2005 and 2006, but they did not specifically
focus on anti-TNF use and related treatment outcomes.>+
The aim of the present study was to investigate: (i) drug
survival rates of anti-TNF agents, (ii) clinical outcomes of
anti-TNF therapy, and (iii) drug costs of TNF blockers in a
large population consisting of approximately 22,000 Dutch
IBD patients.

METHODS

Database

Health insurance claims data were provided by Achmea
Healthcare, the largest health insurance provider in the
Netherlands. Data were available from 2008 to 2014
on approximately 2.7 million insured persons in 2008,
gradually increasing to approximately 4.2 million insured
persons in 2014. This population is a representative sample
of the urbanised area of the Netherlands.

Data collection

The following data were collected from subjects who
received IBD-related healthcare between 2008 and 2014
(observation period).

Background information: year of birth, gender, number
of days insured by Achmea per year, year of death (if
applicable), start and stop date of the insured period.
IBD-related healthcare: diagnosis (Crohn’s disease or
ulcerative colitis) and treatment setting (inpatient or
outpatient).

IBD-related medication use: administration/dispensation
date, dose and costs of infliximab, adalimumab,
corticosteroids (prednisone or budesonide), thiopurines
(azathioprine, G6-mercaptopurine or G6-tioguanine)
and methotrexate. Data on infliximab use was available
from 2012 to 2014 due to a different reimbursement
system before 2012. Prior to 2012, infliximab costs were
reimbursed as part of hospital care, thus treatment details
were not specified in healthcare claims before 2012. As of
2012, infliximab costs are directly reclaimed by pharmacies
based on specific dosages and dispensation dates.
Comorbidity: documented healthcare claims for psoriatic
arthritis, ankylosing spondylitis, psoriasis and rheumatoid
arthritis.

Outcomes

The primary outcome was anti-TNF drug survival (i.e.
time from start of anti-TNF therapy to discontinuation).
Secondary outcomes included time to anti-TNF dose
intensification, time to corticosteroid initiation and
time to IBD-related hospitalisation in anti-TNF starters
and analysis of potential determinants for time to drug
discontinuation, treatment intensification, hospitalisation,
and corticosteroid initiation. Moreover, treatment intervals,
dosing regimens and drug costs of anti-TNF therapy were
analysed.

Classifications, definitions, calculations and selection
criteria

All analyses were performed on patients aged = 18 years
at the end of the observation period. Patients who received
their first infliximab infusion > 16 weeks after the start of
the observation period were considered to be infliximab
starters. Patients who received their first pharmacy
dispensation of adalimumab > 6 months after start of
the observation period were considered adalimumab
starters. These cut-offs were based on the assumption that
infliximab intervals are unlikely to exceed a 16-week period
and that the amount of dispensed adalimumab vials is
unlikely to cover a treatment period longer than 6 months.
In order to distinguish between patients starting on
anti-TNF monotherapy or combination therapy, pharmacy
dispensations of immunomodulators and anti-TNF agents
were divided into semesters. Anti-TNF starters receiving a
prescription for an immunomodulator in the first semester
of anti-TNF treatment were defined as patients using
combination therapy.
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An infliximab dose adaptation was defined as a dose
increase or decrease of at least 50 mg and/or an increase or
decrease in the treatment interval between two infusions
of = 25%. Infliximab discontinuation was defined as a
definitive treatment stop or an infusion interval of > 16
weeks. Infliximab restart was defined as at least one
infliximab infusion after treatment discontinuation.
Adalimumab dosing regimens were based on the average
amount of adalimumab provided at each dispensation
(amount dispensed in mg divided by the time until
next dispensation). Adalimumab dosing regimens were
categorised into < 40 mg every other week, 40 mg
every other week, 40 mg every week and > 40 mg every
week based on the following cut-offs: < 15 mg per week,
15-30 mg per week, 30-6o mg per week and > 6o mg per
week, respectively. Adalimumab dose adaptations were
defined as a change in dosing regimen category that was
maintained for at least two consecutive dispensations.
Adalimumab discontinuation was defined as a definite
treatment stop or when the average amount of adalimumab
that was dispensed by the pharmacy was < 10 mg per
week. Adalimumab restart was defined as at least one
adalimumab dispensation after discontinuation.

Time to drug discontinuation, treatment intensification,
hospitalisation, out of hospital and in-hospital
corticosteroid initiation (prednisone and budesonides)
were analysed in all patients who started on anti-TNF
therapy within the observation period. For all survival
analyses, patients were censored on 31 December 2014,
at time of death or at the time of an interruption of
the insured period (i.e. if patients switched to another
health insurance provider). In order to analyse time to
corticosteroid initiation, hospitalisation and treatment
intensification, patients were also censored at the time of
anti-TNF discontinuation.

Corticosteroid use during anti-TNF induction therapy
(4 weeks for adalimumab and 6 weeks for infliximab)
was used as a cut-off point for analysing time to
corticosteroid initiation. Because the definitions of
infliximab and adalimumab treatment intensification
were not comparable, time to treatment intensification was
analysed for both agents separately.

Average anti-TNF treatment intervals and dosages were
determined in patients who started on anti-TNF treatment
during the observation period at 3, 6, 12 and 24 months
after treatment initiation if they were not censored and still
receiving the same anti-TNF agent. Mean infliximab dose
relative to body weight was estimated using an average
body weight of Dutch men and women of 7o kilogram.2¢
Drug costs of each anti-TNF dispensation were provided by
Achmea. Total anti-TNF costs were calculated as the sum
of all dispensations within the observation period and for
each year separately.

Statistical analysis

All analyses were performed using SPSS 23.0 (IBM,
Chicago, Illinois). Descriptive statistics were used to study
cohort characteristics. Observed periods are presented
in person-years. Comparisons between groups of not
normally distributed dichotomous data were performed
using Fisher’s exact tests. Survival data are presented
as Kaplan-Meier curves. Univariate and multivariate
analysis of time to event data was performed using
Cox proportional hazards regression. The proportional
hazards assumption was tested using visual inspection of
log minus log survival plots. The threshold for statistical
significance was set at p < 0.05.

Ethical approval

All provided data were completely anonymised. Data
were requested and obtained through official procedures.
Therefore, no ethical approval was required.

RESULTS

Cohort characteristics

A total of 22,082 patients who received IBD-related
care between 2008 and 2014 were identified. The total
observation period comprised 131,134 person-years. Cohort
characteristics are provided in table 1. From 2008 to
2014, 1498 patients were treated with adalimumab, and
1671 patients were treated with infliximab between 2012
and 2014. The proportion of patients receiving anti-TNF
treatment increased from 17% in 2012 to 19.7% in 2014
(infliximab and adalimumab combined). In this period,
476 out of 2929 (16.3%) patients had received both
infliximab and adalimumab. From 2008 to 2014, 24%
of IBD patients receiving an anti-TNF agent also received
care (indicated by a documented health insurance claim)
for at least one other disease for which anti-TNF agents
are indicated, such as psoriatic arthritis, ankylosing
spondylitis, psoriasis or rheumatoid arthritis.

Anti-TNF use

Infliximab

Of the patients receiving IBD-related care, the proportion
that were treated with infliximab increased from 10.3%
in 2012 to 11.3% in 2014. In these patients, yearly
drug costs of infliximab treatment were € 17.4 million
in 2012, increasing to € 19.7 million in 2014. At the
start of infliximab therapy, the proportion of patients
receiving combination therapy was 60.4%, of whom
the vast majority received azathioprine (66.5%)
or 6-mercaptopurine (26.6%). The proportion of patients
receiving combination therapy was comparable in 2012
(59.0%), 2013 (61.0%) and 2014 (61.4%).
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Table 1. Cohort characteristics

2008 2009 2010
Number of insured 2,747,095 3,151,065 3,123,626
patients
Number of patients 7732 9166 9680
receiving IBD-related
care
CD (n,%*) 3533 (457%) 4218 4484
(46.0%) (46.3%)
UC (n,%%) 4199 4948 5196
(54-3%) (54.0%) (53.7%)
Age* (mean, SD) 46 (18) 47 (17) 47 (17)
Males (n, %*) 3485 4166 4337
(45-1%) (45-5%) (44-8%)
Deceased (n, %%) 87 (1.1%) III (1.29%) 119 (1.2%)
Receiving infliximab NA NA NA
(n, %%)
. CD (n,%7) NA NA NA
. UC (n,%3%) NA NA NA
Receiving adalimumab 248 (3.2%) 396 (4.3%) 539 (5.6%)
(n, %%)
« CD (n,%") 221 (6.3%) 356 (8.4%) 479 (10.7%)

« UC (n,%") 27 (0.6%) 40 (0.8%)

*of patients receiving IBD-related care; fof CD patients; fof UC patients.

60 (1.2%)

20I1 2012 2013 2014
3,074,985 3,144,339 4,412,107 4,248,903
10,090 10,604 11,227 10,666
4637 4926 5189 4901
(46.0%) (46.5%) (46.2%) (45-9%)
5453 5678 6038 5765
(54.0%) (53-5%) (53-8%) (54-1%)
48 (17) 49 (17) 50 (17) 51(17)
4514 4703 4992 4783
(44.7%) (44-4%) (44-5%) (44.8%)

149 (1.5%) 182 (1.7%) 198 (1.8%) 189 (1.8%)

NA 1093 1223 1206 (11.3%)
(10.3%) (10.9%)

NA 786 (16.0%) 861 (16.6%) 846 (17.3%)

NA 307 (5.4%) 362 (6.0%) 360 (6.2%)

621 (6.2%) 710 (6.7%) 834 (7.4%) 896 (8.4%)

501 (12.0%) 682 (13.1%) 720 (14.7%)

176 (3.1%)

534 (11.5%)

87 (1.6%) 119 (2.1%) 152 (2.5%)

IBD = inflammatory bowel disease; CD = Crohn’s disease; UC = ulcerative colitis; NA = data not available.

During the observation period, 20,252 infliximab
infusions were administered. In total 855 patients
(550 Crohn’s disease, 305 ulcerative colitis) started on
infliximab within the observation period. The distribution
of infliximab administration intervals in these patients
over time is shown in figure 1. The proportion of patients
receiving infliximab maintenance treatment with an
infusion interval between 77 and 9 weeks decreased with
longer treatment duration (treatment interval between 7
and 9 weeks at 3 months vs. 24 months: 72.3% vs. 60.9%,
p = 0.02). The proportion of patients receiving infliximab
with an infusion interval shorter than 7 weeks increased
with longer treatment duration (treatment interval < 7
weeks at 3 months vs. 24 months: 22.2% vs. 33.6%,
p = o.o1). No clinical factors were significantly associated
with time to infliximab intensification (i.e. decreased
infusion intervals) in univariable and multivariable
analysis (table 2). No change in mean infliximab dose
per kg bodyweight was observed over time (3 months vs.
24 months: 5.8 [SD 1.8] vs. 5.7 [SD 2.1], p = 0.64).

Adalimumab

Of patients receiving IBD-related care, the proportion
who were treated with adalimumab increased from 3.2%
in 2008 to 8.4% in 2014. From 2008 to 2014, 121,406
adalimumab syringes were dispensed with a median of
6o (IQR 28 - 118) syringes per patient. Yearly drug costs
of adalimumab treatment increased from € 3.2 million in
2008 to € 13 million in 2014. At the start of adalimumab
treatment, the proportion of patients receiving combination
therapy was 52.5%, of whom the vast majority received
azathioprine (64.4%) or G-mercaptopurine (18.1%).
The proportion of patients starting adalimumab combined
with an immunomodulator increased from 42.1% to 51.5%
between 2008 and 2014.

A total of 1199 subjects (940 Crohn’s disease, 259
ulcerative colitis) started on adalimumab treatment within
the observation period. The distribution of adalimumab
administration intervals among these subjects over time
is shown in figure 2. The proportion of patients receiving
40 mg adalimumab every other week decreased with
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Figure 1. Distribution of infliximab infusion intervals
over time
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Figure 2. Distribution of adalimumab treatment
intervals over time
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Table 2. Univariable and multivariable Cox proportional hazards regression analysis of time to anti-TNF

treatment intensification

Univariable analysis
HR (95% CI)
Adalimumab

Crohn’s disease (vs ulcerative colitis) 0.73 (0.43-1.24)

Male gender 1.06 (0.70-1.59)
Combination treatment at initiation 1.13 (0.75-1.69)
Infliximab

Crohn’s disease (vs ulcerative colitis) 1.07 (0.72-1.57)
Male gender 1.39 (0.96-2.00)
Combination treatment at initiation 0.78 (0.54-1.13)

HR = hazard rate; CI = confidence interval.

longer treatment duration (at 3 months vs. 24 months:
81.5% vs. 71.2%, p < o.oo1), whereas the proportion of
patients who received intensified adalimumab treatment
(i-e. = 40 mg every week) increased with longer treatment
duration (at 3 months vs. 24 months: 10.5% vs. 19.3%, p <
0.001). No clinical factors were significantly associated
with time to adalimumab intensification in univariable and
multivariable analysis (table 2).

Drug survival

Median time to anti-TNF treatment discontinuation
was 6oo days (IQR 156-1693 days). At 6, 12 and
24 months after initiation of anti-TNF treatment, the
proportion of patients receiving continuous treatment
with anti-TNF agents was 72.5% (95% CI 70.5-74.5),
61.5% (95% CI 59.1-63.9) and 45.6% (95% CI 43.1-48.1),
respectively. Univariable and multivariable analysis of

p-value HR (95% CI) p-value
0.246 0.72 (0.43-1.23) 0.232
0.779 1.07 (0.71-1.61) 0.743
0.560 1.15 (0.76-1.72) 0.511
0.746 1.10 (0.74-1.63) 0.634
0.081 1.4 (0.97-2.03) 0.073
0.192 0.78 (0.54-1.13) 0.197

factors associated with time to drug discontinuation
are shown in table 3. Patients with Crohn’s disease
were less likely to stop anti-TNF treatment compared
with ulcerative colitis patients (hazard ratio [HR] 0.79
[95% CI 0.69-0.91], p = o.001). Patients who received
anti-TNF treatment intensification were less likely to
discontinue their treatment (HR 0.62 [95% CI 0.47-0.82],
p = o.oo1). A trend was observed towards a higher
discontinuation rate in patients receiving infliximab
compared with adalimumab (HR 1.14 [95% CI 0.99-1.34],
P
anti-TNF therapy was not associated with longer drug
survival (HR 0.99 [96% CI 0.87-1.11]). Kaplan-Meier
curves of time to anti-TNF discontinuation are shown

0.071). Combination treatment at initiation of

in figure 3. The proportion of patients who restarted
infliximab or adalimumab treatment within 6 months
after discontinuation was 19.2% and 21.4%, respectively.
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Table 3. Univariable and multivariable Cox proportional hazards regression analysis of time to drug

discontinuation

Univariable analysis

Multivariable analysis

HR (95% CI) p-value HR (95% CI) p-value
Crohn’s disease (vs ulcerative colitis) 0.79 (0.68-0.89) < 0.001 0.79 (0.69-0.91) 0.001
Male gender 0.92 (0.81-1.04) 0.173 0.92 (0.81-1.04) 0.172
Infliximab (vs adalimumab) 1.13 (0.99-1.28) 0.065 1.14 (0.99-1.30) 0.071
Combination treatment at initiation 1.00 (0.89-1.13) 0.94 0.99 (0.87-1.11) 0.617
Treatment intensification 0.61 (0.50-0.75) <0.001 0.62 (0.47-0.82) 0.001

HR = hazard rate; CI = confidence interval.

Figure 3. Kaplan-Meier curves of time to anti-TNF treatment discontinuation: a) Crohn’s disease vs. ulcerative

colitis; b) adalimumab vs. infliximab; c) standard treatment vs
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The proportion of patients restarting infliximab and
adalimumab within 12 months after cessation of anti-TNF
therapy was 24.3% and 33.4%, respectively (Appendix figure
1and 2).

IBD-related hospitalisation

Among patients who started on anti-TNF treatment within
the observation period, the cumulative proportion of
patients hospitalised for IBD-related problems was 9.2%
(95% CI 7.8-10.6), 13.7% (95% CI 11.9-15.5) and 19.8%
(95% CI 17.3-22.3), at 6, 12 and 24 months, respectively.
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Univariable and multivariable analysis of factors associated
with time to hospitalisation is provided in table 4. Crohn’s
disease was the only factor that was significantly associated
with hospitalisation (HR 1.49 [95% CI 1.10-2.03],
p = o.o11). A Kaplan-Meier plot of time to hospitalisation
is shown in figure 4.

Corticosteroid initiation

The cumulative proportion of patients receiving
corticosteroids after initiation of anti-TNF treatment was
14.4% (95% CI 12.4-16.4), 19.2% (95% CI 16.8-21.0)
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Table 4. Univariable and multivariable Cox proportional hazards regression analysis of time to hospitalisation

Univariable analysis

HR (95% CI)
Crohn’s disease (vs ulcerative colitis) 1.46 (1.08-1.98)
Male gender 0.972 (0.77-1.23)
Infliximab (vs adalimumab) 1.04 (0.82-1.33)
Combination treatment at initiation 0.83 (0.66-1.05)
Treatment intensification 1.26 (0.92-1.72)

HR =hazard rate; CI = confidence interval.

Figure 4. Kaplan-Meier curves of time to
hospitalisation: Crohn’s disease vs. ulcerative colitis
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and 27.2% (95%CI 24.1-30.3) at 6, 12 and 24 months,
respectively. Univariable and multivariable analysis of
factors associated with time to corticosteroid initiation
is provided in table 5. Patients with Crohn’s disease (HR
0.57 [95% CI 0.45-0.73] p < 0.001) and patients receiving
infliximab (HR o.55 [95% CI 0.42-0.72] p < 0.001) were

Multivariable analysis

p-value HR (95% CI) p-value
0.014 1.49 (1.10-2.03) 0.011
0.812 0.98 (0.77-1.24) 0.853
0.733 1.11 (0.86-1.43) 0.419
0.127 0.83 (0.65-1.04) 0.109
0.I51 1.24 (0.91-1.70) 0.178

less likely to receive treatment with corticosteroids.
Patients who received combination therapy at the time
of initiation of anti-TNF treatment used significantly
less corticosteroids as compared with patients receiving
anti-TNF monotherapy (HR 0.80 [95% CI 0.64-1.00]
p = 0.048). Kaplan-Meier plots of time to corticosteroid
initiation are depicted in figure 5.

DISCUSSION

To our knowledge, this study is the first to describe
real-life patterns of anti-TNF use and associated
treatment outcomes in a large IBD population in the
Netherlands. In this cohort of more than 22,000 Crohn’s
disease and ulcerative colitis patients, the proportion of
patients receiving infliximab or adalimumab increased
to approximately 20% in 2014 which accounted for
€ 327 million of drug costs. However, it is important
to note that drug costs of anti-TNF therapy decreased
substantially after the introduction of biosimilar infliximab
in the Netherlands in 2015. Anti-TNF discontinuation
occurred in approximately 40% of patients within the
first year after treatment initiation and this was associated

Table 5. Univariable and multivariable Cox proportional hazards regression analysis of time to corticosteroid

initiation
Univariable analysis
HR (95% CI)
Crohn’s disease (vs ulcerative colitis) 0.61 (0.48-0.77)
Male gender .15 (0.92-1.44)
Infliximab (vs adalimumab) 0.59 (0.45-0.76)
Combination treatment at initiation 0.67 (0.51-0.87)
Treatment intensification

1.07 (0.78-1.40)

HR = hazard rate; CI = confidence interval.

Multivariable analysis

p-value HR (95% CI) p-value
< 0.00I 0.57 (0.45-0.73) < 0.001
0.221 1.I3 (0.9I-1.42) 0.270
< 0.00I 0.55 (0.42-0.72) < 0.00I
0.002 0.80 (0.64-1.00) 0.048
0.673 .12 (0.82-1.53) 0.479
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Figure 5. Kaplan-Meier curves of time to
corticosteroid use: a) Crohn’s disease vs. ulcerative
colitis; b) adalimumab vs. infliximab; c) Anti-TNF
monotherapy vs combination therapy (i.e. anti-TNF
combined with an immunomodulator) at anti-TNF
initiation
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with a diagnosis of ulcerative colitis, infliximab use and
non-intensified anti-TNF treatment regimens. Thus, we
show here that the real-life anti-TNF discontinuation
rate is substantially higher than previously reported.
Moreover, we demonstrate that the proportion of IBD
patients receiving intensified anti-TNF treatment gradually
increases over time.

Anti-TNF discontinuation rates range from 5% to
23% at 12 months of follow-up according to different
studies.®?” There are several potential explanations for
these differences. Firstly, most of these studies concern
analyses of clinical trials and tertiary care cohorts,®"
which may not provide reliable estimates of real-life
drug survival. Furthermore, early discontinuation (due to
primary non-response or intolerance) may not have been
included in these estimates. On the other hand, we may
have overestimated the discontinuation rate due to the
definitions that were applied. These definitions could not
account for poor treatment adherence, short drug holidays
or episodic treatment strategies. This may also have
contributed to a higher proportion of patients restarting
the same anti-TNF agent within 12 months (24% and 33%
for infliximab and adalimumab, respectively). However,
we presume that the number of patients receiving episodic
treatment with TNF blockers is very low in this cohort,
since it is well known that scheduled continuous treatment
is the preferred treatment strategy.

Strikingly, immunomodulator use at the start of anti-TNF
treatment was not associated with a longer drug survival
or time to anti-TNF intensification. This is an unexpected
finding because combination therapy appears to be more
effective than either therapeutic agent alone, explained by
reduced immunogenicity, increased anti-TNF serum levels
and possible synergistic effects.2>

Nevertheless, several previous studies also found
no significant association between time to anti-TNF
intensification and concomitant immunomodulator use.?93"
We hypothesise that patients with more severe disease are
more likely to receive combination therapy. Consequently,
the potential beneficial effect of combination therapy
may be neutralised by patients’ poorer prognosis.
Furthermore, some patients in our cohort could have
been misclassified as patients who started on combination
therapy. We defined combination therapy at the time of
anti-TNF initiation as a pharmacy dispensation of an
immunomodulator in the same semester as the first
anti-TNF administration. As a result, some patients
may have already discontinued the immunomodulator
prior to anti-TNF initiation. However, we did find a
significantly longer time to corticosteroid initiation
in patients on combination therapy as compared with
anti-TNF monotherapy, which reflects the beneficial effect
of concomitant immunomodulator use.

A diagnosis of ulcerative colitis was associated with a
shorter time to anti-TNF discontinuation and corticosteroid
initiation. This could reflect lower response rates to
anti-TNF agents in ulcerative colitis compared with
Crohn’s disease patients. Although head-to-head studies
are lacking, it has been suggested that anti-TNF agents
may be more effective in Crohn’s disease as compared
with ulcerative colitis.3* In line with this notion, previous
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studies have found higher rates of anti-TNF treatment
intensification in ulcerative colitis compared with Crohn’s
disease patients.?93' A possible explanation for this
difference is a higher inflammatory burden and a higher
drug clearance in ulcerative colitis patients.’>93 However,
we did not find a significant association between time
to treatment intensification and a diagnosis of ulcerative
colitis. Furthermore, other studies found no difference
in time to infliximab discontinuation between Crohn’s
disease and ulcerative colitis.>

It is currently unclear if infliximab or adalimumab is
superior for the treatment of IBD because head-to-head
studies are lacking. Results from meta-analyses and
several studies show conflicting results.3+4* A population
study in IBD patients showed no difference in efficacy
between these two agents.+ In our study, infliximab
use was associated with a reduced risk of corticosteroid
initiation compared with adalimumab. However, the
difference in cut-off point between adalimumab and
infliximab that we used for time to corticosteroid initiation
(an induction period of 4 and 6 weeks, respectively) might
have influenced the results. Nevertheless, this finding has
also been reported previously in another administrative
claims database study that consisted of 1400 ulcerative
colitis patients starting anti-TNF therapy.s Furthermore,
no difference in time to hospitalisation was found, and
a trend towards a higher drug discontinuation rate was
seen in infliximab users compared with adalimumab.
We postulate that the small difference in discontinuation
rate could be explained by the fact that IBD patients
with severe disease requiring hospitalisation are more
likely to receive treatment with infliximab.4> Disease
severity at the start of anti-TNF treatment could not be
assessed in our database, which can cause potential bias
for the comparison of the two agents. Hence, based on
our results we cannot draw firm conclusions with regard
to differences in therapeutic efficacy between infliximab
and adalimumab. An ongoing study will determine if
higher induction and maintenance doses of adalimumab
will improve the outcome in ulcerative colitis patients
(NCT02065622).

The present study cohort is a representative sample of
the Dutch IBD population, consisting of both second
and third line patients. More than 22,000 IBD patients
receiving IBD-related care between 2008 and 2014 were
included. Long-term data from large population-based
cohorts allow for robust analyses of patterns of drug
use. However, this study has several limitations. Firstly,
adalimumab use was based on the amount of drug that
was dispensed by pharmacists to patients. Therefore,
actual drug use, premature drug discontinuation,
therapeutic compliance and variation in drug dispensing
rates because of logistical reasons (such as lost drug)

could not be assessed. Secondly, the definitions that
were used for patient selection and classification (such as
selection of anti-TNF starters, anti-TNF discontinuation,
combination therapy, treatment intensification and
corticosteroid initiation) may have resulted in selection
bias. Thirdly, relevant clinical information such as disease
location, behaviour and severity or reasons for anti-TNF
discontinuation and corticosteroid initiation could not be
obtained. In addition, surgical interventions could not be
evaluated since detailed data on IBD-related surgery were
not available. Furthermore, the Dutch health insurance
claims system does not allow for a diagnosis of unspecified
IBD. Consequently, all IBD cases were categorised as either
Crohn’s disease or ulcerative colitis, while approximately
8% of the Dutch IBD population is diagnosed with
unspecified IBD.# Despite these limitations, this study
contributes to the knowledge on the use of anti-TNF agents
and is the first to describe patterns of anti-TNF use in a
large real-life population in the Netherlands.

CONCLUSION

The proportion of IBD patients receiving anti-TNF
treatment increased to almost 20% in 2014, which is a
major cost driver. Discontinuation of anti-TNF agents
appears to occur earlier than previously reported, which
was associated with a diagnosis of ulcerative colitis and
non-intensified anti-TNF treatment regimens, but not
with combination therapy. However, immunomodulator
use at the start of anti-TNF treatment was associated with
a longer time to corticosteroid initiation.

ACKNOWLEDGEMENTS

We thank Hugo Smeets and Anne Hollinga from Achmea
healthcare for providing us with the database.

Conference presentations

Part of this work was presented at: Digestive Disease
Week 2016, San Diego; ECCO congress 2016, Amsterdam;
UEGW 2016, Vienna; ECCO Congress 2017, Barcelona;
Digestive Disease Week 2017, Chicago.

DISCLOSURES

S.J.A Bots has served as speaker for Abbvie, Merck, Sharp
& Dome, Takeda, Jansen Cilag, Pfizer and Tillots.

CY. Ponsioen has served as advisor for Abbvie, Takeda;
has received research grants from Takeda; has received
speaker’s fees from Abbvie, Takeda, and Dr. Falk Pharma

Bots et al. Patterns of anti-TNF use in IBD.

DECEMBER 2017, VOL. 75, NO. 10

440



The Netherlands Journal of Medicine

G.R. D’'Haens has served as advisor for Abbvie, Ablynx,
Amakem, AM Pharma, Avaxia, Biogen, Bristol Meiers

Squibb, Boerhinger Ingelheim, Celgene, Celltrion, Cosmo,

Covidien, Ferring, DrFALK Pharma, Engene, Galapagos,

Gilead, Glaxo Smith Kline, Hospira, Immunic, Johnson

and Johnson, Lycera, Medimetrics, Millenium/Takeda,

Mitsubishi Pharma, Merck Sharp Dome, Mundipharma,

Novonordisk, Pfizer, Prometheus laboratories/Nestle,

Protagonist, Receptos, Robarts Clinical Trials, Salix,

Sandoz, Setpoint, Shire, Teva, Tigenix, Tillotts, Topivert,

Versant and Vifor and received speaker fees from Abbvie,

Ferring, Johnson and Johnson, Merck Sharp Dome,

Mundipharma, Norgine, Pfizer, Shire, Millenium/Takeda,
Tillotts and Vifor.
M. Léwenberg has served as speaker and/or principal

investigator for Abbvie, Covidien, Dr. Falk, Ferring

Pharmaceuticals, Merck Sharp & Dohme, Receptos,

Takeda, Tillotts and Tramedico. He has received research
grants from AbbVie, Merck Sharp & Dohme, Achmea
healthcare and ZonMW.

The other authors have no potential conflicts of interest

to report.

Grant support: No external funding was obtained.

REFERENCES

Peyrin-Biroulet L, Deltenre P, de Suray N, et al. Efficacy and safety of
tumor necrosis factor antagonists in Crohn’s disease: meta-analysis of
placebo-controlled trials. Clin Gastroenterol Hepatol. 2008;6:644-53.

Rutgeerts P, Sandborn W/|, Feagan BG, et al. Infliximab for induction
and maintenance therapy for ulcerative colitis. N Engl | Med.
2005;353:2462-76.

Song Y-N, Zheng P, Xiao J-H, et al. Efficacy and safety of adalimumab
for the Crohn’s disease: a systematic review and meta-analysis of
published randomized placebo-controlled trials. Eur ) Clin Pharmacol.
2014;70:907-14.

Thorlund K, Druyts E, Mills EJ, et al. Adalimumab versus infliximab for the
treatment of moderate to severe ulcerative colitis in adult patients naive
to anti-TNF therapy: an indirect treatment comparison meta-analysis.
) Crohns Colitis. 2014;8:571-81.

Léwenberg M, de Boer NK, Hoentjen F. Golimumab for the treatment of
ulcerative colitis. Clin Exp Gastroenterol. 2014;7:53-9.

Ben-Bassat O, lacono A, Irwin SP, et al. Tu1327a Golimumab for Treatment
of Moderate to Severe Anti-TNF Refaractory Crohn’s Disease: Open Label
Experience. Gastroenterology. 2012;142:S-804.

Volonaki E, Mutalib M, Kiparissi F, et al. Adalimumab as a second-line
biological therapy in children with refractory ulcerative colitis. Eur |
Gastroenterol Hepatol. 2015;27:1425-8.

Ben-Horin S, Chowers Y. Review article: loss of response to anti-TNF
treatments in Crohn’s disease. Aliment Pharmacol Ther. 2011;33:987-95.

Ma C, Huang V, Fedorak DK, et al. Outpatient Ulcerative Colitis Primary
Anti-TNF Responders Receiving Adalimumab or Infliximab Maintenance
Therapy Have Similar Rates of Secondary Loss of Response. | Clin
Gastroenterol. 2015;49:675-82.

. Peters CP, Eshuis EJ, Toxopeiis FM, et al. Adalimumab for Crohn’s disease:

long-term sustained benefit in a population-based cohort of 438 patients.
J Crohns Colitis 2014;8:866-75.

Eshuis EJ, Peters CP, van Bodegraven AA, et al. Ten Years of Infliximab for
Crohn'’s Disease. Inflamm Bowel Dis. 2013;19:1622-30.

. Ainsworth MA, Bendtzen K, Brynskov ]. Tumor necrosis factor-alpha

binding capacity and anti-infliximab antibodies measured by fluid-phase

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

radioimmunoassays as predictors of clinical efficacy of infliximab in
Crohn’s disease. Am ] Gastroenterol. 2008;103:944-8.

Baert F, Noman M, Vermeire S, et al. Influence of immunogenicity on
the long-term efficacy of infliximab in Crohn’s disease. N Engl | Med.
2003;348:601-8.

. Ben-Horin S, Yavzori M, Katz L, et al. The immunogenic part of infliximab

is the F(ab’)2, but measuring antibodies to the intact infliximab molecule
is more clinically useful. Gut. 2011;60:41-8.

Hanauer SB, Wagner CL, Bala M, et al. Incidence and importance of
antibody responses to infliximab after maintenance or episodic treatment
in Crohn’s disease. Clin Gastroenterol Hepatol. 2004;2:542-53.

. Karmiris K, Paintaud G, Noman M, et al. Influence of trough serum levels

and immunogenicity on long-term outcome of adalimumab therapy in
Crohn’s disease. Gastroenterology. 2009;137:1628-40.

Maser EA, Villela R, Silverberg MS, et al. Association of Trough Serum
Infliximab to Clinical Outcome After Scheduled Maintenance Treatment
for Crohn’s Disease. Clin Gastroenterol Hepatol. 2006;4:1248-54.

. Seow CH, Newman A, Irwin SP, et al. Trough serum infliximab: a

predictive factor of clinical outcome for infliximab treatment in acute
ulcerative colitis. Gut. 2010;59:49-54.

. Brandse JF, Mathot RA, van der Kleij D, et al. Pharmacokinetic Features

and Presence of Antidrug Antibodies Associate With Response to
Infliximab Induction Therapy in Patients With Moderate to Severe
Ulcerative Colitis. Clin Gastroenterol Hepatol. 2016;14:251-8.e2.

Colombel JFF, Sandborn W/|, Reinisch W, et al. Infliximab, Azathioprine,
or Combination Therapy for Crohn’s Disease. N Engl | Med.
2010;362:1383-95.

Vermeire S, Noman M, Van Assche G, et al. Effectiveness of concomitant
immunosuppressive therapy in suppressing the formation of antibodies
to infliximab in Crohn’s disease. Gut. 2007;56:1226-31.

Afif W, Loftus E V, Faubion WA, et al. Clinical utility of measuring
infliximab and human anti-chimeric antibody concentrations in patients
with inflammatory bowel disease. Am | Gastroenterol. 2010;105:1133-9.

Van der Valk ME, Mangen M-}, Leenders M, et al. Healthcare costs
of inflammatory bowel disease have shifted from hospitalisation and
surgery towards anti-TNFa therapy: results from the COIN study. Gut.
2014;63:72-9.

Bernstein CN, Longobardi T, Finlayson G, et al. Direct medical cost of
managing IBD patients: a Canadian population-based study. Inflamm
Bowel Dis. 2012;18:1498-508.

Smeets HM, de Wit NJ, Hoes AW. Routine health insurance data for
scientific research: potential and limitations of the Agis Health Database.
) Clin Epidemiol. 2011;64:424-30.

Statistics Netherlands StatLine. Statistics Netherlandshttp://statline.cbs.
nl (2016).

Van den Reek JMPA, Pijls PARR, Tummers M, et al. Adalimumab drug
survival in patients with psoriasis, Crohn’s disease, and rheumatoid
arthritis: Relevant differences using the same treatment. ] Am Acad
Dermatol 2016;74:177-9.

Panaccione R, Ghosh S, Middleton S, et al. Combination Therapy With
Infliximab and Azathioprine Is Superior to Monotherapy With Either Agent
in Ulcerative Colitis. Gastroenterology. 2014;146:392-400.€3.

O’Donnell S, Stempak JM, Steinhart AH, et al. Higher Rates of Dose
Optimisation for Infliximab Responders in Ulcerative Colitis than in
Crohn'’s disease. | Crohns Colitis. 2015;9:830-6.

Magro F, Rodrigues-Pinto E, Lopes S, et al. Earlier need of infliximab
intensification in ulcerative colitis than in Crohn’s disease. ] Crohns
Colitis. 2014;8:1331-2.

Taxonera C, Olivares D, Mendoza |L, et al. Need for infliximab dose
intensification in Crohn’s disease and ulcerative colitis. World |
Gastroenterol. 2014;20:9170-7.

Bizzarri B, Fornaroli F, de’ Angelis N, et al. Infliximab in a Paediatric
Population with Inflammatory Bowel Disease: an Important Achievement?
Am | Gastroenterol. 2008;103:5529.

Brandse JF, van den Brink GR, Wildenberg ME, et al. Loss of Infliximab
Into Feces Is Associated With Lack of Response to Therapy in Patients
With Severe Ulcerative Colitis. Gastroenterology. 2015;149:350-5.e2.

Singh S, Heien HC, Sangaralingham LR, et al. Comparative Effectiveness
and Safety of Anti-Tumor Necrosis Factor Agents in Biologic-Naive

Bots et al. Patterns of anti-TNF use in IBD.

DECEMBER 2017, VOL. 75, NO. 10

441



35.

36.

37

38.

The Netherlands Journal of Medicine

Patients with Crohn’s Disease. Clin Gastroenterol

2016;14:1120-1129.€6.

Hepatol.

Singh S, Heien HC, Sangaralingham LR, et al. Comparative effectiveness
and safety of infliximab and adalimumab in patients with ulcerative colitis.
Aliment Pharmacol Ther. 2016;43:994-1003.

Ananthakrishnan AN, Cagan A, Cai T, et al. Comparative Effectiveness
of Infliximab and Adalimumab in Crohn’s Disease and Ulcerative Colitis.

39.

40.

Singh S, Garg SK, Pardi DS, et al. Comparative Efficacy of Biologic Therapy
in Biologic-Naive Patients With Crohn Disease: A Systematic Review and
Network Meta-analysis. Mayo Clin Proc. 2014;89:1621-35.

Kestens C, van Oijen MGH, Mulder CLJ, et al. Adalimumab and Infliximab
Are Equally Effective for Crohn’s Disease in Patients Not Previously
Treated With Anti-Tumor Necrosis Factor-o. Agents. Clin Gastroenterol
Hepatol. 2013;11:826-31.

Inflamm Bowel Dis. 2016;22:880-5. 41. Van Assche G, Vermeire S, Ballet V, et al. Switch to adalimumab in
Osterman MT, Haynes K, Delzell E, et al. Comparative Effectiveness p?:senetzti\:/v::]ancjjrg:qri];ddg;/ﬁz;i:Zlogeudt l;);gjz:ltlzn?nce infliximab:
of Infliximab and Adalimumab for Crohn’s Disease. Clin Gastroenterol prosp ’ ’ 01:229-34-
Hepatol. 2014;12:811-7.€3. 42. Dignass A, Lindsay O, Sturm A, et al. Second European evidence-based
Danese S, Fiorino G, Peyrin-Biroulet L, et al. Biological Agents for zz::;rlsrf;:: t:r::rﬁgr?:i:hizdcrgl?t?:g:;]jrgOf:{l](;er;twe colitis part 2:
Moderately to Severely Active Ulcerative Colitis. Ann Intern Med. g ’ ’ 679911030
2014;160:704. 43. De Groof EJ, Rossen NGM, van Rhijn BD, et al. Burden of disease and
increasing prevalence of inflammatory bowel disease in a population-
based cohort in the Netherlands. Eur ] Gastroenterol Hepatol.
2016;28:1065-72.
APPENDIX

Appendix figure 1. Time to restart of adalimumab
after discontinuation
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