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ABSTRACT
Background: The choice of treatment for Crohn’s disease (CD) and ulcerative colitis (UC) depends
among other factors, disease severity. Patients with moderate-to-severe disease should be prescribed
biologic response modifiers (biologics), according to guidelines. This study aims to explore the treat-
ment patterns of patients diagnosed with CD and UC between 2003 and 2015 that were treated with
biologics in Denmark between the years 2003 and 2016.
Methods: This national register study included patients diagnosed between 2003 and 2015, identified
in the Danish National Patient Registry. Biologic therapies available during the study period were inflix-
imab, adalimumab, vedolizumab and golimumab. The share of patients initiating and receiving bio-
logic treatment in each year was estimated. Additionally, the time from IBD diagnosis to first biologic
treatment and time between treatments was calculated.
Results: Among 10,302CD patients and 22,144 UC patients, 28.5% of CD patients and 11.3% of UC
patients received treatment with biologics during the study period, with an increasing trend in the
number of patients initiating treatment with biologics each year. About 46% of CD patients and 45%
of UC patients received their first biologic treatment within the first year after IBD diagnosis. About
57–68% of CD and UC patients received treatment with their second line biologic within 2 months of
the last treatment of their first line.
Conclusions: The number of patients initiating biologic treatments after diagnosis increased through-
out the study period. Most patients diagnosed with CD and UC are receiving biologic treatments rela-
tively soon after their diagnosis.
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Introduction

Crohn’s disease (CD) and ulcerative colitis (UC) are the two
most common types of inflammatory bowel disease (IBD),
affecting nearly 2.5–3 million people in Europe [1]. It’s preva-
lence is highest in regions such as the United States,
Scandinavia and the United Kingdom [2]. It’s cause remains
unknown, however a genetic predisposition and environmen-
tal factors like smoking and diet are believed to be some of
the possible contributing factors in their development [3,4].
Disease onset can occur at any age, yet people typically
develop CD and UC between the ages of 15 and 40 [3,4].

IBD is a chronic disease that requires medical intervention
and sometimes surgery in severe cases. According to the
European Crohn’s and Colitis Organization (ECCO), the type
of treatment depends on disease severity [5]. Patients with
mild UC for instance can begin treatment with aminosalicy-
lates and progress to corticosteroids. Biologic treatments are
approved only for patients with moderate-to-severe CD and

UC who have failed immunomodulators and corticosteroids
[5]. In Denmark, biologic treatments have been available
since 1999 and are classified into treatment lines, based on
evaluations done by the Danish Medicine Council [6,7]. As
more become available, understanding the prevalence of
their use, how long a patient is on a treatment, and how
soon after diagnosis they begin treatment may help optimize
treatment with biologics.

The aim of this study was to investigate the treatment
patterns of patients diagnosed with CD and UC between
2003 and 2015 who were treated with biologics in Denmark.

Materials and methods

This retrospective population-based study included all
Danish citizens diagnosed with CD and UC in the period of
2003–2015 who were treated with biologics.
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Register data sources

Data on all Danish citizens and residents were obtained from
several national registries that include the entire population.
Using the Danish National Patient Register (NPR), information
on all admissions and outpatient visits to hospitals and diag-
nosis codes according to the International Classification of
Diseases, 10th revision (ICD-10) were retrieved. [8]. Codes for
treatments according to Danish national classification are
also available in this database from 2002 onward and were
retrieved for this study [8]. This registry is exhaustive because
it is linked to the reimbursement and payment systems.
Using the Danish Civil Registration System (CRS), which
includes all citizens and residents with a civil personal regis-
tration number, an identity-secure linkage between the
national registries at an individual level was done [9,10]. As
the private healthcare system constitutes for less than 1% of
all the healthcare provided in Denmark, only residents
treated within the public healthcare system were included.

Selection criteria

The following selection criteria was applied: (1) Individuals
living in Denmark with at least two hospital contacts (admis-
sion, outpatient or emergency room visit) collected from the
NPR, in the period 2003–2015, with a primary or secondary
diagnosis of CD or UC using the ICD-10 codes K50 and K51
and at least one of the registrations defined as the primary
diagnosis; (2) The patient had no hospital contacts related to
CD or UC during 1994–2002 (wash-out period); (3) Incidence
date was defined as the first hospital contact—admission,
outpatient or emergency room visit—with CD or UC during
2003–2015; (4) Patients diagnosed with UC followed by a CD
diagnosis were categorized as diagnosed with CD.

As patients are treated with biologics in the hospital, they
were identified in the NPR using the hospitals’ registration of
treatment codes plus a CD or UC diagnosis code. Biologic
therapies available during the study period and therefore
included were infliximab, adalimumab, vedolizumab and goli-
mumab (treatment codes BOHJ18A1, BOHJ18A3, BOHJ19H4
and BOHJ18A4). In Denmark, Infliximab was approved for CD
in 2001 and UC in 2006. Adalimumab was approved in 2003
for CD and 2012 for UC. Golimumab is not approved for CD
in Denmark, however it was approved in 2013 for UC. Lastly,
vedolizumab was approved for both CD and UC in 2014.
Several regional and local guidelines have been in place dur-
ing the study period, but were not officially formalized
nationally before 2012. Infliximab has remained the first-
choice biologic for CD and UC for most of the years this
study was conducted.

Infliximab and vedolizumab are administered intraven-
ously (IV), while adalimumab and golimumab are adminis-
tered subcutaneously.

Biologic treatment

Biologic therapies are administered at different intervals of
time, so we therefore use the term ‘units’ when calculating

time on each therapy. One unit is the number of days
between treatments, as recommended by the guidelines from
the Danish Regions [7]. For each therapy, one unit was
defined as: adalimumab: 1 unit¼ 14days, infliximab and vedo-
lizumab: 1 unit¼ 56days, and golimumab: 1 unit¼ 28days.

As switching between treatments is common, we have
categorised the biologic therapies by treatment lines, in
which treatment line one includes bio-naïve patients, that is
bio-naïve to the treatments stated above. Patients treated
with other biologics than those above, and not indicated for
IBD were not excluded from the analysis. In the analysis,
treatment duration was defined as more than 6months with-
out interruption of the same treatment, with regard to:
between two consecutive treatments, between each treat-
ment and the total treatment time within the treatment line.

Statistical analyses

The percentage of patients receiving biologic treatment each
year and the total share of patients that received biologic
treatment at some point during the study period were esti-
mated. Additionally, the total share of the patient population
initiating biologic treatment each year was estimated, along
with the time from IBD diagnosis to first biologic treatment.
Time between treatments in treatment line one was calcu-
lated for the two IV therapies (infliximab and vedolizumab)
since they are administered in hospitals and have registra-
tions in the NPR. The number of days between the last treat-
ment in treatment line one and the first treatment in
treatment line two was also calculated. Analyses investigat-
ing the time between treatments did not include those
administered subcutaneously, as their registrations in the
NPR might represent a patient picking up the medicine for
one or several treatments and are then administered at
home at unknown dates. All statistical analyses were con-
ducted in SAS version 9.4 (SAS Institute Inc, Cary, NC) on
Statistics Denmark’s research computers via a remote server.
Only anonymized data without contact or active participation
of research subjects were used. Individuals are not identifi-
able and all results with fewer than five incidences are
reported as <5. This study complies with the regulations of
the Danish Data Protection Agency.

Results

The study population consisted of 10,302 incident patients
with CD and 22,144 incident patients with UC (Table 1).
Tables 2 and 3 also present that incidence per year by age
and gender at diagnosis.

Our results show that 28.5% of CD patients and 11.3% of
UC patients received treatment with biologics at any point
during the study period (Figure 1). In 2008, the proportion of
incident CD patients receiving treatment with biologics was
9%, meaning that these patients diagnosed between 2003
and 2008 were treated with biologics in 2008. In 2015, it was
16%. For UC, it was 2 and 5%.

The number of patients initiating treatment with biolog-
ics is illustrated in Figure 2. During the study period, an
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increasing trend was observed, with 369 CD and 371 UC
patients initiating treatment in 2015. The number of
patients initiating biologic treatment and the share of the
patient populations is shown in Supplementary Table S2.
Figure 3 and Supplementary Table S3 present the distribu-
tion of time from IBD diagnosis to first biologic treatment
among the study populations. Most patients received their
first treatment within the first year after IBD diagnosis (46%
of CD patients and 45% of UC patients). Additional analyses
show that time to first treatment for both CD and UC
patients are significantly shorter (p< .0001) for patients

diagnosed in 2010–2013 compared to patient diagnosed
in 2006–2009.

For the IV therapies, according to national guidelines, the
recommended time between treatments is 8 weeks. As illus-
trated in Figure 4, 27.9 and 34.5% of IV treatments in treat-
ment line one were administered earlier than what is
recommended in the guidelines for both patient groups.
However, most treatments were administered within an
interval that corresponds to the recommendations in the
national guidelines (63.5 and 57.9% for CD and UC,
respectively).

Table 1. Population of incident patients with Crohn’s disease (CD) and ulcerative colitis (UC) in Denmark, 2003–2015.

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total

CD patients 771 818 808 746 787 811 782 896 893 844 781 775 590 10,302
UC patients 1681 1769 1728 1669 1643 1782 1972 1942 2069 1705 1591 1460 1133 22,144

Table 2. Incidence per year by age and gender at diagnosis, Crohn’s disease (CD).

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total

0–18 years
Male 44 65 53 55 59 65 71 66 57 59 70 67 69 800
Female 42 51 49 45 62 60 53 73 53 59 69 69 48 733

19–30 years
Male 82 81 86 74 101 108 86 93 123 99 105 103 84 1225
Female 134 143 129 122 106 110 122 154 153 151 118 134 98 1674

31–40 years
Male 58 63 63 52 56 50 59 53 61 65 57 58 28 723
Female 85 85 89 83 82 64 55 79 69 65 50 58 42 906

41–50 years
Male 42 46 55 54 38 52 42 59 58 42 51 36 26 601
Female 67 67 50 49 59 47 63 72 60 65 46 54 28 727

51–60 years
Male 43 44 48 41 34 49 43 37 48 50 41 35 30 543
Female 51 48 55 47 35 58 42 49 61 54 42 38 33 613

61–70 years
Male 19 30 20 29 39 38 39 38 46 40 33 34 31 436
Female 40 34 40 40 48 48 40 46 42 42 45 38 31 534

Over 70 years
Male 22 21 25 19 23 19 18 30 28 17 18 22 20 282
Female 42 40 46 36 45 43 49 47 34 36 36 29 22 505

Total 771 818 808 746 787 811 782 896 893 844 781 775 590 10,302

Table 3. Incidence per year by age and gender at diagnosis, ulcerative colitis (UC).

2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 Total

0–18 years
Male 40 45 45 54 58 54 44 68 65 60 55 61 56 705
Female 41 53 41 54 45 59 75 68 61 62 65 57 36 717

19–30 years
Male 127 149 169 146 140 150 189 186 180 162 160 145 124 2027
Female 147 191 170 160 152 184 218 210 219 201 186 167 138 2343

31–40 years
Male 146 172 137 146 121 141 149 187 188 141 129 126 85 1868
Female 190 175 174 141 163 163 166 164 156 162 132 111 83 1980

41–50 years
Male 149 116 132 140 126 141 144 142 187 119 128 122 92 1738
Female 158 139 148 138 121 146 154 154 198 155 114 98 92 1815

51–60 years
Male 120 133 132 134 124 113 150 111 143 120 126 101 96 1603
Female 142 119 150 134 132 143 146 114 148 126 112 109 77 1652

61–70 years
Male 89 95 96 95 111 113 126 137 141 99 109 104 80 1395
Female 93 114 112 97 115 119 135 144 128 106 108 87 77 1435

Over 70 years
Male 103 105 94 102 108 97 119 105 112 93 82 84 45 1249
Female 136 163 128 128 127 159 157 152 143 99 85 88 52 1617

Total 1681 1769 1728 1669 1643 1782 1972 1942 2069 1705 1591 1460 1133 22,144
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Figure 5 shows the time (in ‘units’) on biologic treatment
line one (including all four biologic therapies). Per definition,
all patients received biologic treatment for at least one unit

(one hospital contact). Among CD patients, 75% received
treatment for two or more units and 65% of UC patients.
The drug survival is 50% for CD patients at the time of 6

Figure 1. Share of population receiving biologic treatment each year among 10,302 incident patients with Crohn’s disease (CD) and 22,144 incident patients with
ulcerative colitis (UC) in Denmark, 2003–2015.
Note: The share is calculated as share of cumulated incident patients alive primo in the given year. A person is included as receiving biologics if they received biologic treatment in the
given calendar year. The ‘Total’ columns show the share of the patient populations incident in 2003–2015 who received treatment with biologics at some point during 2003–2016.

Figure 2. Number of patients initiating biologic treatment each year among 10,302 incident patients with Crohn’s disease (CD) and 22,144 incident patients with
ulcerative colitis (UC) in Denmark, 2003–2016.
Note: The population includes incident patients with CD or UC in the period 2003–2015. A person is counted if they initiated biologic treatment in the given calendar year, but after their
IBD diagnosis. As shown in the Supplementary Appendix, there are more than twice as many patients in the incident UC population than in the incident CD population.

Figure 3. Time from diagnosis to first treatment with biologics among 2,939 incident patients with Crohn’s disease (CD) and 2,504 incident patients with ulcerative
colitis (UC) in Denmark treated with biologics in 2003–2016.
Note: The population includes incident patients with CD or UC, who received treatment with biologics after their IBD diagnosis.
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units, and for UC patients it is 50% at 3 units. Figure 6 shows
the time in months on treatment line one. After 11months,
CD patient’s drug survival is 50%, and for UC patients it is
50% after 7months.

For patients who received treatment with more than one
biologic therapy during the study period, the number of
months between the last treatment in treatment line one
and the first treatment in treatment line two is presented in
Figure 7. Approximately one-third of CD and UC patients
received treatment with their second line biologic less than
1 month after the last treatment of their first line. About
57–68% of patients received treatment with their second-line
therapy within 2 months of their last treatment in treatment
line one. For 13% of CD patients and 8.6% of UC patients,
there is a span of 12months or more between the last treat-
ment in treatment line one and the first treatment in

treatment line two. More detailed information can be found
in Supplementary Table S4.

Among all CD and UC patients receiving biologics, 43.1%
(N¼ 1,266) and 59.4% (N¼ 1,488), respectively, discontinued
treatment with biologics more than 1 year before the end of
follow-up or death.

Discussion

In this study, we investigated the treatment patterns of IBD
patients taking biologic therapies, including when treatment
started after diagnosis, the share of the population initiating
biologic treatment at any point during the study period, and
how long patients remained on each treatment. The study
discovered that the number of patients initiating biologic

Figure 4. Time between treatments in treatment line one among 29,294 biologic treatments administered intravenously to patients with Crohn’s disease (CD) and
16,905 biologic treatments administered intravenously to patients with ulcerative colitis (UC) in Denmark in 2003–2016.
Note: The population includes incident patients with CD or UC who received treatment with Infliximab and Vedolizumab as their first biologic treatment. If there were more than 6 months
between two consecutive treatments in treatment line one, we assumed a treatment stop.

Figure 5. Time (in units) on biologic treatment line one among 2,939 incident patients with Crohn’s disease (CD) and 2,504 incident patients with ulcerative colitis
(UC) in Denmark treated with biologics in 2003–2016.
Note: The population includes incident patients with CD or UC who received treatment with biologics after their IBD diagnosis. One unit is the number of days between treatments for
the different therapies as recommended by national guidelines. One unit was defined as follows: adalimumab: 1 unit ¼ 14 days, infliximab and vedolizumab: 1 unit ¼ 56 days, and goli-
mumab: 1 unit ¼ 28 days. If there are more than 6 months between two consecutive treatments in treatment line one, we assume a treatment stop.
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treatments after diagnosis increased throughout the study
period. Additionally, approximately one-third of CD and UC
patients treated with more than one biologic received treat-
ment with their second line therapy less than 1 month after
the last treatment of their first-line biologic therapy.

For the two IV therapies, the second and third treatments
are administered 2 and 6 weeks after the first treatment,
respectively. Considering this, it appears that the guidelines
regarding duration between treatments are followed rela-
tively closely. However, if treatment within the induction
period accounts for less than one-third of all treatments a
patient receives, dose escalation can be another explanation
of the findings.

Among 13% of CD and 8.6% of UC patients, there is a
span of 12months or more between the last treatment in
treatment line one and the first treatment in treatment line
two. Generally, if a patient responded well to treatment and
consequently discontinued, it would be expected that the

patient would continue treatment with the same biologic
therapy, in the case of relapse. It is thus rather unexpected
to find patients beginning treatment with a second type of
therapy after a treatment break of 12months or more.
However, a possible explanation might be that these patients
had participated in clinical trials. Clinical trials of biologics for
IBD increased over the study period, but we do not expect
that many patients were switched to another biologic for
non-medical reasons. Five out of 21 IBD clinics in Denmark
were involved with trials of adalimumab for CD and two sites
for UC. Four were involved with trials of golimumab for UC.
Two clinics were included for trials of vedolizumab for UC
and none for CD (clinicaltrials.gov).

Our study also observed a decreasing incidence of CD
and UC in the later years. This may be related to the selec-
tion criteria of two or more contacts regarding the disease.
Comparing patients diagnosed earlier to patients with their
first contact at the end of the study period, those diagnosed

Figure 6. Time (in months) on biologic treatment line one among 2,939 incident patients with Crohn’s disease (CD) and 2,504 incident patients with ulcerative col-
itis (UC) in Denmark treated with biologics in 2003–2016.
Note: The population includes incident patients with CD or UC who received treatment with biologics after their IBD diagnosis. If there are more than 6 months between two consecutive
treatments in treatment line one, we assume a treatment stop.

Figure 7. Months between last treatment in treatment line one and first treatment in treatment line two among 1,017 incident patients with Crohn’s disease (CD)
and 581 incident patients with ulcerative colitis (UC) in Denmark treated with more than one biologic therapy in 2003–2016.
Note: The population includes incident patients with CD or UC who received treatment with more than one biologic therapy.
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later have a lesser chance of fulfilling this criterion. Thus, the
incidence in the later years is probably underestimated, con-
trasting the increase found by Lophaven et al. [11].

Strengths and limitations

This study has several strengths. The identification of CD and
UC patients and their biologic treatment relies on the ICD-10
coding and treatment codes entered in the NPR. The reliabil-
ity and validity of this register is in general considered to be
high, however there are currently no studies explicitly vali-
dating the registration of CD and UC diagnosis codes
[8,12,13]. As this study is based on national registers, selec-
tion and information bias are limited as all Danish residents
are included, the data are prospectively collected, and the
quality of data is generally considered to be good. This also
means that the generalizability of the results is high, as the
study covers all incident cases of CD and UC in Denmark
between 2003 and 2015.

This study also has some limitations. The first biologic ther-
apy for CD and UC patients, infliximab, was introduced to the
European market in 1999 followed by adalimumab in 2003
[6,14], implying that the biologic treatment options in the first
years of our study period are limited. Given the differences in
how studied treatments are administered in clinical practice, it
was not possible to document the exact date of administration
and dosing frequency of subcutaneous treatments, thus affect-
ing the results of the analyses. Treatment with biologics is
administered within the hospital sector, therefore treatment
with IV therapies like infliximab and vedolizumab always takes
place there, usually during an outpatient visit. Subcutaneous
treatments like adalimumab and golimumab may be adminis-
tered in the hospital or the patient may take the medicine at
home. Therefore, if the medicine is taken at home, we do not
know the exact date of administration, affecting the results of
the analyses regarding time on biologic treatment line and
months between last treatment in treatment line one and first
treatment in treatment line two.

Conclusion

The findings of this study show an increasing trend in the
percentage of patients receiving a biologic treatment over
the course of the study period and that most CD and UC
patients diagnosed receive biologic treatments relatively
soon after diagnosis, within the first year. As more biologic
treatments become available for IBD patients, future studies
should focus on identifying disease markers to provide ear-
lier diagnosis and treatment and thereby provide the
patients earlier improved health.
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