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ABSTRACT

Objectives: The use of biologic therapy in inflammatory bowel disease (IBD) is likely to increase with
lower costs and more biologics and biosimilars becoming available. Our aim was to estimate the
trends in use of first-line biologics during the first year after diagnosis in a Norwegian IBD population
from 2010 to 2016.

Methods: Data were collected from the Norwegian National Patient Registry and Norwegian
Prescription Database. Patients defined as incident IBD cases between 2010 and 2016 were included
and followed for 12months. Patients were stratified by year of diagnosis to examine change over
time. Chi-square test was used for calculations on proportions. Time from diagnosis to first biologic
was calculated by Kaplan-Meier failure estimates.

Results: 14,645 patients were included, 5283 (36%) with Crohn’s disease (CD) and 9362 (64%) with
ulcerative colitis (UC). In the 2010 and 2016 cohort, the proportion initiating biologics increased from
17% to 33% (p <.001) for CD and 7% to 13% (p <.001) for UC. The most frequently used first-line bio-
logics were infliximab (CD: 64% and UC: 82%) and adalimumab (CD: 36% and UC: 15%). The highest
registered use of adalimumab was in the 2012 cohort (CD: 56% and UC: 39%). In the 2014-2016
cohorts, infliximab was the most used first-line biologic for both CD and UC.

Conclusions: The proportion of IBD patients initiating biologics within 12 months after diagnosis
increased between 2010 and 2016. The use of infliximab as first-line biologic increased after the
approval of biosimilar infliximab in 2013.
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Introduction early use of biologics (“top down” approach) for patients diag-
nosed with severe disease or risk of progression might alter dis-
ease outcome by inducing remission and reducing
corticosteroid use [8], delay the need for surgery [9] and reduce
health care costs [10]. In 2013, the European Medicines Agency
(EMA) approved the first biosimilar infliximab (CT-P13/Remsima,

Celltrion, Budapest, Hungary), which entered the market in

Inflammatory bowel disease (IBD), including Crohn’s disease
(CD) and ulcerative colitis (UC), are chronic immune-medi-
ated diseases in the gastrointestinal tract. Biologics have
been used in the treatment of moderate to severe IBD since
the late 1990s [1-3] and have traditionally been expensive
drugs. The use of biologics in IBD populations differs widely

between countries, ranging from low single digit percen-
tages and up to 30%, and strongly correlates with gross
domestic product (GDP) [4]. In Norway, the time from diag-
nosis to initiation of biologic therapy varies between regional
health authorities [5], demonstrating that treatment varies
both at a national and international level.

Current European guidelines recommend biologic treatment
if use of conventional therapy such as corticosteroids, 5-amino-
salisylic acids and immunomodulators fail, often referred to as
the “step up” approach [6,7]. There is evidence suggesting that

Norway in 2014 as a lower-cost alternative to originator inflixi-
mab (Remicade, Janssen Biologics, Leiden, The Netherlands).
Lower costs improve the cost-effectiveness of biologic therapy
[11] and may move biologics to an earlier line in therapy [12],
such as in the “top down” approach.

Both at patient and societal levels, real world data are
important for describing trends in the use of biologics over
time and evaluating the effects of increased use. We aimed
to assess if there was a change in the proportion of patients
receiving biologics within the first year after diagnosis and in
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the use of first-line biologics from 2010 to 2016 in a
Norwegian IBD population.

Materials and methods
Data and source population

The source population included all patients who received an
IBD diagnosis (International Statistical Classification of
Diseases 10th Revision [ICD-10] code K50 or K51) at least
once between 2008 and 2017 in the Norwegian National
Patient Registry (NPR). Data from the NPR were linked to the
Norwegian Prescription Database (NorPD) using unique per-
sonal identification numbers, which made it possible to fol-
low individual patients over time. NPR comprises all
information on inpatient and outpatient hospital contacts
including mandatory individual diagnosis codes and proced-
ure codes for both private and public hospitals. Expensive
drugs administered at or prescribed from hospitals are regis-
tered in the NPR after the Anatomical Therapeutic Chemical
Classification System (ATC). NorPD comprises information on
all dispensed drug prescriptions by Norwegian pharmacies
and dates back to 2004.

Case definition and study population

Patients with their first IBD code registration in the NPR
between 2010 and 2016 were included in the study and
were followed for 12months. Patients with an IBD code
registration between 2008 and 2009 were excluded due to
the risk of misclassifying prevalent cases as incident cases.
Patients diagnosed in 2017 were excluded due to follow-up
less than 12 months. In order to avoid including false positive
IBD cases, several IBD related events (hospital or prescription)
had to be present before a patient was included. Patients
were included as incident cases if they had two IBD hospital
events, or at least one IBD hospital event and at least two
IBD prescriptions [13]. Our definition of an IBD prescription
included pharmacy claims with ICD-code K50 or K51, ICPC-
code D94, and/or 5-ASA or budesonide prescriptions. The
date of diagnosis was set to the earliest record of an IBD
diagnosis in the NPR or an IBD prescription with a maximum
limit of 60 days prior to the first NPR event with an IBD diag-
nosis code. Patients with IBD prescriptions prior to the
60 days limit were excluded as incident cases. For patients
registered with both UC and CD, we used the last observed
ICD-10 code in the NPR to determine the diagnosis. Age was
only available as ten-year birth cohorts.

Biologics

All prescriptions of biologics (both intravenous (IV) and sub-
cutaneous (SC) administered drugs) are registered by their
ATC codes either in the NPR or the Nor-PD. Biologics
included in the analyses were infliximab, adalimumab, goli-
mumab, vedolizumab and natalizumab. All patients with at
least one registered event of biologic use after their first IBD
diagnosis were considered recipients of biologic therapy.

There were 102 patients included as incident IBD cases that
received biologic therapy for other diagnoses before their
first IBD diagnosis code and before the 60days limit. These
patients were included as incident IBD cases, but were
excluded as new treatment cases and were removed from
further analysis on biologic use (calculation of proportions
and time-to-event curves). Twelve patients were registered
with concurrent use of two different biologics at their first
biologic registration. This was interpreted as coding errors
because there was only one registration with double biologic
per patient. The patients were assigned to a biologic group
based on their following biologic registrations (Table ST,
Supplementary). Patients registered with either vedolizumab
or natalizumab as first-line biologic were reviewed manually
to check for potential errors. Natalizumab has not been
approved as treatment for IBD and was therefore omitted
from Table 3, although included as biologic cases in Table 2.
The use of natalizumab is listed in Table S1, Supplementary.

Use of biosimilars

In Norway, pharmaceutical tendering aims to contain spend-
ing on expensive drugs, such as biologics. The tendering
results in annual or biennial treatment line recommendations
of the available biologics, with the tender winner as first
choice [14]. We were not able to distinguish between use of
biosimilars and originators since only ATC codes are regis-
tered in the NPR. Therefore, we compared our data with
national sales numbers from 2010 to 2016, which includes
originator infliximab (Remicade) and biosimilar infliximab
(CTP-13: Remsima and Inflectra [Pfizer, Brussel, Belgium])
(Figure S1, Supplementary).

Statistical analysis

Data were analyzed using Anaconda Python 3.X and Stata,
version 16.1 (StataCorp LLC, 2019). Cumulative incidence of
biologic use was presented by Kaplan-Meier failure estimates.
Patients were stratified by the year of diagnosis in order to
examine change over time. Patients were censored at
365 days of follow-up or time of death. The Chi-square test
was used to test for differences in proportions of patients
receiving biologics within 12 months of diagnosis in the 2010
and 2016 cohorts.

Ethical considerations

The study was approved by NPR, NorPD, the Norwegian Data
Protection Authority and the Regional Committees for
Medical and Health Research Ethics (application number
2016/113-1).

Results
Patient characteristics

A total of 14,645 incident patients were included in the
study. There were 5283 (36%) patients with CD and 9362
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Table 1. Incident inflammatory bowel disease (IBD) cases per year from 2010
to 2016 stratified by diagnosis.

Year of diagnosis

Crohn'’s disease, n (%) Ulcerative colitis, n (%)

Total 5283 (36) 9362 (64)
2010 753 (36) 1361 (64)
2011 788 (36) 1405 (64)
2012 746 (38) 1234 (62)
2013 781 (38) 1299 (62)
2014 720 (36) 1264 (64)
2015 752 (35) 1414 (65)
2016 743 (35) 1385 (65)

Table 2. Proportion of patients initiating biologics within 12months after
diagnosis stratified by year of diagnosis.

Cohort Crohn's disease, n (%) Ulcerative colitis, n (%)
Total 1324 (25) 845 (9)
2010 130 (17) 93 (7)
2011 153 (20) 94 (7)
2012 178 (24) 101 (8)
2013 214 (28) 102 (8)
2014 185 (26) 119 (9)
2015 225 (30) 161 (11)
2016 239 (33) 175 (13)

Table 3. The use of first-line biologics stratified by diagnosis and year
of diagnosis.

Diagnosis Cohort Adalimumab Golimumab Infliximab Vedolizumab

Crohn'’s disease  Total 471 (36) 3(0) 848 (64) 2 (0)
2010 58 (45) 1(1) 71 (55) 0 (0)
2011 80 (52) 0 (0) 73 (48) 0 (0)
2012 100 (56) 0 (0) 78 (44) 0 (0)
2013 115 (54) 0(0) 99 (46) 0(0)
2014 57 (31) 2 (1) 126 (68) 0 (0)
2015 30 (13) 0 (0) 195 (87) 0 (0)
2016 31 (13) 0 (0) 206 (86) 2(1)

Ulcerative colitis Total 127 (15) 22 (3) 689 (82) 5(1)
2010 7 (8) 0 (0) 85 (91) 0 (0)
2011 19 (20) 0(0) 75 (80) 0 (0)
2012 39 (39) 2(2) 60 (59) 0 (0)
2013 32 (31) 3(3) 67 (66) 0(0)
2014 15 (13) 5(4) 99 (83) 0 (0)
2015 12 (7) 7 (4) 142 (88) 0(0)
2016 3(2) 53) 161 (92) 5(3)

Numbers are listed as n (%, rounded). Patients that received biologic therapy
for other diagnoses before their IBD diagnosis (n=102) were excluded as
new treatment cases and were removed from further analysis. Concurrent use
of two different biologics at the first biologic registration was interpreted as a
coding error for 12 patients, and these patients were assigned to a biologic
group based on their following biologic registrations (Table S1,
Supplementary).

(64%) patients with UC. Among CD patients, 2501 (47%)
were males, and the corresponding number for UC was 5035
(54%). The median age at diagnosis based on ten-year birth
cohorts was 36 years for CD and 40 years for UC. Incident IBD
cases from 2010 to 2016 are presented in Table 1.

Proportion of patients initiating biologics

In total, 25% of CD patients and 9% of UC patients initiated
biologics within 12months after diagnosis between 2010
and 2016. The proportion of patients initiating biologics
increased for both CD and UC during the study period (Table
2). The proportion of CD patients receiving biologics was
consistently higher than for UC patients. For CD patients, 130
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(17%) patients received biologics within 12months in the
2010 cohort compared to 239 (33%) patients in the 2016
cohort (p <.001). For UC patients, the number initiating bio-
logics increased from 93 (7%) patients in the 2010 cohort to
175 (13%) patients in the 2016 cohort (p <.001).

Time from diagnosis to biologic

The cumulative probability of initiating biologics during the
first 12 months after diagnosis increased from 2010 to 2016
(Figure 1(a,b)). In the 2010 cohort, 8% of CD patients and 2%
of UC patients received biologics within three months. This
increased to 15% (CD) and 4% (UC) in the 2016 cohort. At
six months of follow-up, there was an increase from 13%
(CD) and 3% (UC) in the 2010 cohort to 23% (CD) and 7%
(UQ) in the 2016 cohort. The log-rank test was significant for
both CD (p <.001) and UC (p <.001).

Choice of first-line biologic

Infliximab and adalimumab were by far the two most com-
mon types of first-line biologics (Table 3). Golimumab and
vedolizumab were rarely used as first-line biologics. The
use of adalimumab and infliximab as first-line biologic
treatment is presented in Figure 2(a) (CD) and 2b (UC). For
CD patients in the 2010-2013 cohorts, approximately half
of patients started with adalimumab and half started with
infliximab. Infliximab was the preferred first-line biologic
for CD patients in the 2014-2016 cohorts. The use of inflixi-
mab increased from 68% in the 2014 cohort to 86% in the
2016 cohort while the use of adalimumab decreased (Table
3 and Figure 2(a)). Infliximab was the most used first-line
biologic for UC patients throughout the study period
(Table 3 and Figure 2(b)). The highest recorded use of ada-
limumab for UC patients was 39% in the 2012 cohort. In
the 2016 cohort, 92% of UC patients received infliximab as
their first biologic and the use of adalimumab had
decreased to 2%.

Discussion

In this nationwide registry study, we showed that the pro-
portion of IBD patients initiating biologics within the first
year after diagnosis increased between 2010 and 2016, and
that the use of infliximab as first-line biologic increased after
the introduction of biosimilar infliximab in 2014.

Compared to previous studies reporting use of biologics,
Norway seems to be in the upper range among European
countries [4,15,16]. In the Western European population of
the Epicom cohort from 2010, 21% of CD patients and 6%
of UC patients received biologics during 12 months of fol-
low-up after diagnosis [16]. These numbers correspond
with our findings of 17% (CD) and 7% (UC) in our 2010
cohort. In Denmark, 29% of CD patients and 11% of UC
patients initiated biologics during a study period from
2003 to 2016 [15]. These numbers are not directly compar-
able with our results, since we only followed patients dur-
ing the first 12 months after diagnosis. We found that 25%
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Figure 1. (a) Kaplan-Meier failure estimate of time from diagnosis to first biologic stratified by year of diagnosis for CD patients. The Y axis shows the cumulative
probability of initiating biologics. The X axis shows development over time in months. (b) Kaplan-Meier failure estimate of time from diagnosis to first biologic
stratified by year of diagnosis for UC patients. The Y axis shows the cumulative probability of initiating biologics. The X axis shows development over time
in months.
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Figure 2. (a) First-line biologic for CD patients initiating biologics stratified by infliximab and adalimumab as first biologic registration. Y axis shows percent of bio-
logic recipients started on either infliximab or adalimumab. X axis shows yearly cohorts from 2010 to 2016. (b) First-line biologic for UC patients initiating biologics
stratified by infliximab and adalimumab as first biologic registration. Y axis shows percent of biologic recipients started on either infliximab or adalimumab. X axis
shows yearly cohorts from 2010 to 2016.

of CD patients and 9% of UC patients initiated biologics, The use of biologics has been shown to correlate with
and the proportion is likely to increase with prolonged fol-  affordability [4]. In 2014, biosimilar infliximab was introduced
low-up. in Norway as an alternative to originator infliximab at a



considerably lower price due to pharmaceutical tendering.
Our hypothesis was that a lower economic burden would
increase the use of biologics. However, the increase began
before 2014, most prominently for CD. A more liberal use of
biologics might not only be affected by price. A general
understanding of changes in treatment strategies might
influence clinical decisions, such as a shift from the “step up”
to the “top down” approach in patients with potential risk of
severe disease outcomes, although this is not actually
reflected in current guidelines [6,7]. Reduced medication
costs could also lead to gradual dose escalation on patient
level. Pharmaceutical tendering ensures lowered medication
costs for hospitals in Norway, and patients are financially
compensated if medical expenses exceed a certain limit
regardless of private medical insurance. The biologic use
could be quite different in countries with other reimburse-
ment systems.

Our primary aim included evaluating the choice of first-
line biologics. This study showed that both adalimumab and
infliximab were common first-line biologics, but the use of
adalimumab as first-line biologic decreased from the 2013
cohort and beyond. There are no head-to-head trials compar-
ing infliximab and adalimumab, but they are considered to
be equally efficient in the treatment of IBD [17]. A study
comparing UC treatment patterns in the US and five
European countries reported only minor differences in adali-
mumab and infliximab use, and in the US, adalimumab was
used more than infliximab [18]. The observed reduction of
adalimumab in Norway is therefore likely an effect of
pharmaceutical tendering and treatment line recommenda-
tions rather than a result of clinician and patient preferences.
Route of administration and convenience factors have been
reported as common reasons for changing treatment regi-
men from one biologic to another [18]. IV drugs, such as
infliximab, are administered at hospitals, and require facilities,
equipment and health care professionals. SC drugs, such as
adalimumab, can be administered by the patient at home
and provide economic benefits to the health care system
and increased independence for the patient. The major
benefit of pharmaceutical tendering is reduced drug
expenses for the hospitals. The drawback with strict treat-
ment line recommendations is potential interference with
regard to choice of biologic. IBD mainly affects patients dur-
ing critical years of schooling and career growth. If an IV
drug is the tender winner, patients could be restricted from
the convenience of SC administration. On the other hand,
self-administered SC drugs could lead to less frequent fol-
low-up at outpatient clinics as well as decreasing adherence,
which is not necessarily optimal for patients nor cost-effect-
ive [19].

The “Pharmaceutical Strategy of The Norwegian Hospital
Procurement Trust” (“Legemiddelinnkjep pa sykehus” [LIS])
is in charge of the pharmaceutical tendering at all
Norwegian hospitals [14]. We compared our results with
national sales numbers for infliximab from drug statistics
from Norwegian hospital pharmacies (“Sykehusapotekenes
legemiddelstatistikk” [SLS]). The result from annual tendering
is reflected in the use of biosimilars replacing the originator
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infliximab after 2014 (Figure S1, Supplementary). Switching
from originator to biosimilars has been proven safe and feas-
ible in a number of studies [20,21]. However, biosimilars and
switching have been met with profound skepticism, resulting
in a low uptake of biosimilars in some countries [22].
Pharmaceutical tendering promotes a more liberal use of
biosimilars, and due to mandatory switching the uptake of
biosimilars in Norway has been substantial after 2014.

Strengths

This study has several strengths. Selection and information
bias are limited since the study cohort is based on two
nation-wide registries and the data are prospectively col-
lected. Our data has a good coverage of all biologic use in
Norway. The NPR includes events from both private (of
which very few prescribe biologics) and public hospitals, and
registration of biologic IV and SC drug administrations is
mandatory due to reimbursement regulations. The NorPD
contains electronic registrations of all dispensed drugs from
Norwegian pharmacies, which means that biologics dis-
pensed from pharmacies and not administered at the hospi-
tals are included in the data.

Limitations

The NPR is based on reimbursement codes from hospital
admissions, and there is a risk of coding errors that could
lead to misclassification of patients. The IBD diagnosis codes
in the NPR have not yet been validated, but the quality of
the data from the NPR is generally considered to be of high
standard. Validation studies of the Swedish and Danish NPR
showed that the validity of IBD diagnosis codes were high
[23,24], and it is reasonable to assume that the quality of the
Norwegian NPR resembles that of other Nordic countries.
Despite a short minimum look-back period of two years in
the NPR (from 2010 to 2008), we suspect the number of false
positive incident IBD cases to be very low with our case def-
inition, because the case definition combined data from the
NPR with NorPD, which has a look-back period of minimum
six years (from 2010 to 2004), and the incidence based on
this definition was stable from 2010 to 2017 [13].

In conclusion, with new biologics, biosimilars and other
targeted therapies becoming available, the treatment para-
digm of IBD is likely to shift towards earlier initiation of bio-
logics. In the present study, we demonstrate that the time
from diagnosis until initiation of first biologic decreased over
time. The long-term effects of earlier initiation of biologics
remains to be discovered, for instance the effect on surgery
rates, hospitalization rates and adverse events. Further stud-
ies should also pursue whether increased biologic use leads
to an increase in dose escalations on patient level.
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