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Abstract

Objectives. To assess secular trends in baseline characteristics of PsA patients initiating their first or subsequent
biologic DMARD (bDMARD) therapy and to explore prescription patterns and treatment rates of bDMARDs from
2006 to 2017 in the Nordic countries.

Methods. PsA patients registered in the Nordic rheumatology registries initiating any treatment with bDMARDs
were identified. The bDMARDs were grouped as original TNF inhibitor [TNFi; adalimumab (ADA), etanercept (ETN)
and infliximab (IFX)]; certolizumab pegol (CZP) and golimumab (GOL); biosimilars and ustekinumab, based on the
date of release. Baseline characteristics were compared for the five countries, supplemented by secular trends
with R? calculations and point prevalence of bDMARD treatment.

Results. A total of 18 089 patients were identified (Denmark, 4361; Iceland, 449; Norway, 1948; Finland, 1069;
Sweden, 10 262). A total of 54% of the patients were female, 34.3% of patients initiated an original TNFi, 8% CZP
and GOL, 7.5% biosimilars and 0.3% ustekinumab as a first-line bDMARD. Subsequent bDMARDs were 25.2% ori-
ginal TNFi, 9% CZP and GOL, 12% biosimilars and 2.1% ustekinumab. From 2015 through 2017 there was a rapid
uptake of biosimilars. The total of first-line bDMARD initiators with lower disease activity increased from 2006 to
2017, where an R? close to 1 showed a strong association.

Conclusion. Across the Nordic countries, the number of prescribed bDMARDs increased from 2006 to 2017, indi-
cating a previously unmet need for bDMARDSs in the PsA population. In recent years, PsA patients have initiated
bDMARDs with lower disease activity compared with previous years, suggesting that bDMARDs are initiated in
patients with a less active inflammatory phenotype.
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Inflammatory hallmarks of lesser prominence in psoriatic arthritis patients starting biologics

Rheumatology key messages

e There has been an increased use of biologic therapies in the PsA population across the Nordic countries.
o PsA patients selected for bDMARD therapy demonstrate less inflammatory activity when initiating first-line bio-

logic therapies.

e From 2015 through 2017 there was a rapid uptake of biosimilars in the Nordic countries

Introduction

PsA is a chronic systemic inflammatory disorder with
not only arthritis of peripheral joints and the axial skel-
eton, but also dactylitis, enthesitis and skin and nalil
psoriasis. It has an adverse impact on physical function
and quality of life and implications for the selection of
treatment strategy [1, 2]. Recent studies in PsA demon-
strate that the impact of the disease on quality of life is
related to pain, skin involvement, functional disability
and fatigue, as well as emotional and social aspects of
the disease [3-9].

PsA can be effectively treated with DMARDs, includ-
ing biologic DMARDs (bDMARDSs) such as TNF inhibitors
(TNFis) [1]. TNFis are recommended as treatment for
PsA, with comprehensive evidence that they decrease
disease activity and slow radiographic progression [10].
Ustekinumab, a monoclonal anti-IL-12/23p40 antibody,
and secukinumab, an anti-IL-17 antibody, have also
been approved for the treatment of PsA and plaque
psoriasis [1]. Clinical trials for PsA of TNFis and usteki-
numab have demonstrated that both PsA and psoriasis
improve in evaluable study populations [11].

The heterogeneity of the disease requires assess-
ment of multiple PsA domains to identify appropriate
treatments for individual patients, which presents a
challenge to the treating physician and in this context
the importance of further investigation into the pre-
scription [12-15].

Pharmacological management of PsA is an area that
has witnessed an important expansion [16]. Data from
observational registries are acknowledged as an import-
ant resource for documentation of treatment effects,
supplementing randomized controlled trials [17]. The ob-
servational registries supply prospective data that can
be used to explore prescription patterns, treatment rates
and baseline characteristics. The five Nordic countries
(Denmark, Iceland, Norway, Finland and Sweden) have
all established such observational registries, including
disease-related data of PsA patients. These real-life
data allow for the investigation of long-term drug effects
among a heterogeneous group of patients, in contrast to
randomized clinical trials, which often include a limited
number of patients who fulfil a strict set of inclusion cri-
teria and are studied for a limited time span [18, 19].

The cooperation between the five Nordic countries
and their data registries provides the opportunity to ana-
lyse and interpret a larger patient population than one
individual country [20]. This cooperation allows for inves-
tigation of newly introduced treatments, such as
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biosimilars and ustekinumab. It also provides the oppor-
tunity to explore baseline disease activity patterns and
whether there are differences between countries.

The main objective of this study was to describe the
trends and changes in baseline characteristics over cal-
endar time, including disease activity scores of PsA
patients initiating their first-line of biologic therapy.
Moreover, we aimed to explore the prescription patterns
and choice of bDMARDs from 2006 to 2017 in PsA
patients. This included similarities and differences be-
tween the countries’ PsA patients who commenced their
first-line bDMARD, using data from the Nordic rheuma-
tology registries.

Methods
Study design, setting and participants

The study was designed as a population-based cohort
study, including data on patients with PsA registered in
the Nordic rheumatology registries: DANBIO (Denmark),
ICEBIO (Iceland), NOR-DMARD (Norway), ROB-FIN
(Finland) and SRQ (Sweden). PsA patients initiating
treatment from 2006 to 2017 with bDMARDs as a first
(bio-naive patients) or subsequent biologic therapy were
identified and included in the study.

The study was based on a predefined protocol avail-
able at http://www.parkerinst.dk/ongoing-projects/pre
scription-patterns-tumor-necrosis-factor-inhibitor-and-
ustekinumab-psoriatic.

Treatments during the study period were identified
and the bDMARDs were grouped as original TNFis [ada-
limumab (ADA), etanercept (ETN) and infliximab (IFX)],
certolizumab pegol (CZP) and golimumab (GOL), biosi-
milars and ustekinumab, based on release date.

Treatments with anti-IL-17 were excluded, as they
were not yet fully implemented in the Nordic countries
during the study period.

Treatment decisions were made by the treating rheu-
matologists in accordance with national guidelines.

Variables and outcomes

For each patient, data at the start of the first as well as
any subsequent treatment courses with the assessed
biologic therapies were collected from the rheumatology
registries, as were data on age, sex, disease duration,
CRP, HAQ score, swollen joint count (SJC), tender joint
count (TJC) and patient’s visual analogue scale (VAS) for
pain.
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National prescription guidelines

Guidelines regarding the choice of first-line bDMARDs
and prescription patterns varied by country. In Denmark,
the Danish Society of Rheumatology and the Danish
Society of Radiology have published guidelines for PsA
treatment [17]. In Iceland, Icelandic Health Insurance
(state insurance company) recommends the prescrip-
tions of bDMARDs for PsA patients [17]. In Norway, the
Drug Procurement Cooperation (since 2009) has pub-
lished guidelines on first-line treatments [17]. In Sweden,
the Swedish Society for Rheumatology publishes yearly
updated guidelines for PsA treatment [17]. In Finland, no
official guidelines exist, but bDMARDs are currently
reimbursed for patients with active PsA with insufficient
response or intolerance to conventional synthetic
DMARDs (csDMARDs) [17, 21]. National guidelines for
the Nordic countries generally harmonize with the
EULAR guidelines and have been updated regularly, in
line with updates to the EULAR guidelines.

Statistical analysis

The data were pooled for analyses. The means and s.n.s
were calculated for age (in years), CRP, HAQ score,
patient’s VAS for pain, SJC and TJC and the percentage
of females was calculated (Table 1). A simple conversion
from the modified HAQ to HAQ scores was done for
Norway to unify the data.

Descriptive statistics for prescription patterns of
bDMARD therapy (Supplementary Fig. S1, available at
Rheumatology online) were calculated for each country
and for each year, subdivided by the first or subsequent
bDMARD treatment, and were collectively plotted as a
percentage per year and subdivided by original TNFi,
CZP and GOL, biosimilars and ustekinumab. In the as-
sessment of the relative use of each bDMARD type, for
each country, the numerator was the number of patients
in the biologic registry treated with each subdivided
group of bDMARDs treatment per year, whereas the de-
nominator was the total number of patients in the bio-
logic registry per year.

The point prevalence of ongoing bDMARD treatment
was calculated for each country per year and per

100 000 people [22-26] and presented in a table. The
numerator was the number of patients with ongoing
bDMARD treatment per year and per country and the
denominator was the total population for each country
per year and per 100 000 people. Due to low coverage
data in Finland from 2011 to 2017, the point prevalence
calculations were omitted for that time period. For
Norway, an exception to this calculation was necessary
because of their regional coverage. Here instead, the
denominator was the total coverage population for the
biologic registry for a given year.

Secular trends were plotted using the baseline char-
acteristics for each country per year of parameters:
CRP, disease duration, HAQ score, patient’'s VAS for
pain, SJC and TJC. A trend line was computed and an
R? close to 1 was interpreted as a strong association
between the baseline characteristics of each country.

Data analysis was performed in SPSS (version 25;
IBM, Armonk, NY, USA) and Excel (Microsoft, Redmond,
WA, USA).

The study was conducted in accordance with the bio-
ethics committees and data protection committees of
the respective countries. Written informed consent from
patients was not required according to national registra-
tion, except for Norway, where this was collected.

Results

A total of 18 089 treatment initiations were identified
(DANBIO, 4361; ICEBIO, 449; NOR-DMARD, 1948;
ROB-FIN, 1069; SRQ, 10 262). As first-line bDMARDSs,
6198 (34.3%) patients initiated ADA, ETN and IFX; 1447
(8%) CZP and GOL; 1353 (7.5%) biosimilars (ETN and
IFX) and 52 (0.3%) ustekinumab. Initiations of second or
subsequent bDMARDs were 4560 (25.2%), 1630 (9%),
2176 (12%) and 376 (2.1%) patients, respectively.
Ustekinumab was primarily used as a second or subse-
quent bDMARD. A total of 53.7% of the patients were
female. All five countries showed trends of decreasing
baseline CRP, SJC and TJC values over time from 2006
to 2017. Other parameters showed only slight or no
association.

TasLE 1 Baseline characteristics in PsA patients starting their first bDMARD from 2006 to 2017 stratified by country

Characteristics Denmark Iceland Norway Sweden Finland
Patients in registry, n 2004 221 913 5357 555
Age, years 47.6 (14.0) 50.1 (12.7) 48.3 (12.3) 48.4 (12.8) 47.7 (11.7)
Females, n (%) 2546 (58.4) 272 (60.6) 847 (43.5) 5509 (56.6) 537 (53.4)
Current smoking, n (%) 825 (18.9) 61 (13.6) 289 (18.8) 539 (13.1) 51(18.4)
Disease duration, years .4 (9.8) 8.6 (7.0) 6.0 (7.9) 10.2 (9.4) 8.6 (8.3)
CRP, mg/L .0(12.8) 5.3(8.6) 10 3(14.8) 12 6 (20.1) 11.4 (15.6)
HAQ score (0-3) 9(0.7) 1.0(0.7) 2(2.0) 9(0.6) 0.9 (0.6)
VAS for pain (0-100 mm) 44 3(28.0) 45.9 (27.8) 46 8(23.1) 57 5(22.9) 53.8 (24.5)
SJC (0-28) .0@2.1) 1.7 (2.5) 2.4 (3.3 .84.1) 2.3(3.4)
TJC (0-28) 4 (5.4) 2.4 (3.6) 4.5 (5.1) .1(5.8) 2.4 (3.8)

Data are presented as mean (s.D.) unless stated otherwise. HAQ: Health assessment questionnaire, VAS: Visual analogue

scale, CRP: C-reactive protein.
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Baseline characteristics

At the initiation of the first biologic treatment, the mean
age of all five Nordic countries was similar, with very lit-
tle variation, ranging from 47.6 to 50.1 years of age. The
percentage of females ranged from 43.5 to 58.4% and
the percentage of currently smoking patients ranged
from 13.1 to 18.9% (Table 1).

The HAQ score and SJC exhibited similar distributions
with minor differences across the five Nordic countries.
The mean HAQ score ranged from 0.9 to 1.2 and was
highest in Norway (1.2) followed by Iceland (1.0),
Sweden (0.9), Denmark (0.9) and Finland (0.9).

Sweden displayed numerically higher mean values for
patient’s VAS for pain (57.5), SJC (3.8) and TJC (6.1)
than the remaining four countries, which exhibited more
similar means (patient’s VAS for pain, 44.3-57.5; SJC,
1.0-2.4; TCJ, 2.4-4.5), with Denmark having the lowest
scores in VAS for pain and SJC.

For the CRP values, both Iceland (5.3) and Denmark
(7.00 had much lower mean values compared with
Norway (10.3), Sweden (12.8) and Finland (11.4).

Drug prescription patterns

The choice of first-ine bDMARD varied among the
countries and over time. After 2014 there was a decline
in all countries of original bDMARD use, while the use of
biosimilars increased. This was most marked in
Denmark, Sweden and Iceland, while Finland and
Norway had a less drastic increase (Supplementary Fig.
S1, available at Rheumatology online).

From 2006 to 2017, many changes in the prescription
patterns of both first and subsequent bDMARDs were no-
ticeable in all five countries. Some countries show more
similarities than others, but for all the Nordic countries it is
evident that they all started prescribing GOL and CZP in
2009 and biosimilars in 2014. Denmark, Iceland and
Sweden seemed to follow the same development of
switching from primarily prescribing original TNFis in 2014
to biosimilars when they became available for clinical use.
Norway also showed the same pattern of change in pre-
scription practice to biosimilar prescriptions, with an abrupt
decrease in prescriptions of original TNFis in 2013-2014
and an uptake of biosimilar prescriptions earlier than
Sweden and Denmark. The increase in uptake of biosimi-
lars was greatest for Iceland, followed by Denmark, with
Sweden and Norway lower overall but seemingly similar in
the uptake increase. Finland has had a predominant use of
original TNFis, which continued across time, with the add-
iton of GOL and CZP in 2009 as they became available.
For Finland, none of the new therapies seem to have been
able to replace the first-choice prescription of original
TNFis. The use of ustekinumab was minimal for all five
countries, where Finland seemed to be the country with the
most prescriptions, topping in 2015.

Prescription rates over time

For all five countries, the point prevalence of PsA
patients treated with bDMARDs increased within the

https://academic.oup.com/rheumatology

observational period of 2006-2017 (Supplementary
Table S1, available at Rheumatology online). Sweden
seems to have the most drastic point prevalence in-
crease, followed by Iceland and Norway. The point
prevalence for Finland cannot be estimated based on
ROB-FIN due to lack of coverage after 2010.

Change of baseline characteristics over time

Fig. 1 shows the secular trends by baseline characteris-
tics at the start of first-ine bDMARDs. The figure
includes six graphs that show the secular trends of
CRP, disease duration, HAQ scores, VAS for pain, SJC
and TJC. The strongest trends within the observational
period 2006-2017 are the decreases in CRP, SJC and
TJC across all the countries.

When considering CRP development from 2006 to
2017 in PsA patients, the linear trend line for all five
nations indicates a strong association (R?=0.9048).
Iceland differed from the remaining countries with a
lower CRP value across the observational period. The
lower CRP values for Iceland are also evident in
Table 1. For SJC and TJC the same pattern is detected
as for CRP. All five countries display a strong associ-
ation for baseline SJC (R®=0.8693) and TJC
(R?>=0.8841). The disease duration, HAQ scores and
VAS for pain do not show any between-country associa-
tions (R?<0.5), but the trends do indicate that at the
start of their first bDMARD, PsA patients’ baseline char-
acteristics do not show any changes in HAQ scores or
VAS for pain during 2006-2017.

Discussion

In this study we found that within the Nordic countries
there was little evidence of variation in the PsA patient
population. From 2006 to 2017 the age, female percent-
age, HAQ score, TJC and SJC all showed similar values.
The baseline characteristics from 2006 to 2017 for all
five countries showed that CRP and SJC similarly
decreased and the HAQ score and VAS for pain scores
remained high, indicating that despite less inflammatory
activity, patients still had pain and disability.

All five Nordic countries had an increase in point
prevalence of PsA patients treated with bDMARDs from
2006 to 2017. The number of PsA patients treated with
bDMARDs increased more than the increase in popula-
tion, and especially so for Sweden and Iceland. The
treated PsA patient populations in Sweden and Norway
increased very similarly, with almost identical point
prevalence in 2015. Denmark differed, with a less prom-
inent increase. This evident increase in bDMARD pre-
scriptions from 2006 to 2017 may be attributed to
rheumatologists being more willing and able to prescribe
bDMARDs earlier and guidelines having changed over
the years towards being more pro-biologics than they
had been in the past. The increase in bDMARD pre-
scriptions may also be attributed to the fact that more

143

20z Iidy 01 uo 1senb Aq $69£98G/0% 1/1/09/oI0E/ABO|OJEINGY/WO0S"dNO DIWaPEDE//:SARY WO}, PEPEOjUMOQ


https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/keaa237#supplementary-data
https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/keaa237#supplementary-data
https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/keaa237#supplementary-data
https://academic.oup.com/rheumatology/article-lookup/doi/10.1093/rheumatology/keaa237#supplementary-data

Rebekka Lund Hansen et al.

Fic. 1 Biologic treatment initiators by baseline characteristics from 2006 to 2017
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patients have been diagnosed with PsA or simply that
the incidence of PsA has increased [27].

The baseline characteristics at the initiation of a first-
line bDMARD for each country showed similarities in
their secular trends (Fig. 1). Thus CRP, SJC and TJC
displayed similarly decreasing trends during 2006-2017
across all five countries. When considering the develop-
ment of HAQ scores, VAS for pain and disease duration,
no between-country associations were evident and no
significant trends were observed. Interestingly, the dis-
ease duration did not seem to change very much over
time. This could indicate that the initiation of bDMARD
treatment starts with lower inflammatory activity than
previously but does not seem to be initiated earlier in
the disease duration. This observation can be attributed
to guideline changes, better access and coverage and
the treating physician being more able and comfortable
with prescribing bDMARDs.

Collectively this shows that the patient population had
high HAQ scores and just as much pain, even though
the inflammatory activity over time seemed to be lower
at initiation of the first bDMARD. This presents a great
challenge for treating physicians in the further treatment
of patients with PsA, since no treatments have been
shown to have a positive effect on low quality of life
related to non-inflammatory disability and pain [2-9].

144
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Interest in PsA has increased over the past several
years due to several factors, including a better under-
standing of disease mechanisms, improved clinical trial
designs and perhaps most importantly, the arrival of ef-
fective and relatively safe biologic agents that have dra-
matically altered the treatment paradigm [2]. This
increased interest, as well as the heterogeneity of the
disease requiring assessment of multiple PsA domains
to identify appropriate treatments for individual patients
[21], shows the importance of future studies with collab-
orations between different data registries and countries.
Collaborations across registers will allow for robust as-
sessment of the uptake of newer biologic therapies.

With this study, it has been shown that collaboration
between the Nordic countries and data exchange is
possible in pursuit of analyses that are based on a
greater PsA patient population across country borders.
All five of the Nordic countries have biologic registries
that are integrated in the routine care of PsA patients
and can therefore be considered valuable and relevant
information sources.

Collaborations regarding bDMARD use for PsA
patients should be considered important in order to be
able to form coherent guidelines for future treatments
and to understand the overall prescription patterns.
National differences in the biologic registries, such as
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registry coverage, prescription patterns and patient
characteristics, should be considered in order to repre-
sent the data with scientific accuracy. The differences
between the countries illustrate the challenge of merging
data when the data collection basis is different for indi-
vidual countries, along with some minor cultural and
socio-environmental differences. The clear trends that
span across all five countries in this study highlight the
importance of grasping the difficulties in order to ana-
lyse a broader data set.

Despite the similarities within the Nordic countries,
such as the healthcare systems with similar values and
rules, there are considerable differences in their pre-
scription patterns. These differences may be attributed
to the considerable differences in rules and guidelines
for prescription of bDMARDs between countries.

By analysing the baseline characteristics for all the
Nordic countries collectively, it is evident that there is
very little variation within the PsA population. From 2006
to 2017, the age, female percentage, HAQ score, TJC
and SJC all showed similar values.

When considering the different prescription guidelines
within each country and the continuing variation in first-
choice bDMARDs [17], certain similarities in prescription
patterns among the five countries still seem evident. The
total yearly number of first-ine bDMARD treatments
increased significantly throughout the observational
period, indicating a previously unmet need for biologic
therapies in the Nordic population. All five countries
showed a similar decline in the use of original
bDMARDs when biosimilar therapies became available.
This is especially evident for Iceland, Denmark, Sweden
and Norway, which exhibited the most similar develop-
ments, but not for Finland to the same degree, as they
differed from the others. For Finland, the differences can
be attributed to the fact that biosimilars were imple-
mented in clinics ~2years later than in the other coun-
tries. This is because of pricing and healthcare
differences. The annual number of patients initiating
first-generation TNFis both as first and subsequent lines
of therapy decreased towards the end of the study
period. This decrease was more than offset by a rapid
increase in the initiation of second-generation TNFi
treatments. Ustekinumab was primarily used as a se-
cond or subsequent line of therapy in PsA.

Strengths and limitations

Collaborations across registries allow for robust as-
sessment of the uptake of newer bDMARDs and this
is important for studying the similarities and differen-
ces within the PsA populations across countries and
will help us develop a greater understanding of the
disease.

The nature of an observational registry study confers
some limitations regarding the reliability of the results.
Incompleteness of data is an inherent problem within
registry studies [12]. In terms of limitations, the open,
observational setting entails inherent risks of bias in pa-
tient selection, assignment of treatment and the
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collection of clinical data. Moreover, the missing data
for some outcomes is another frequent problem in ob-
servational studies. On the other hand, the observational
setting also implies that patient inclusion is not restricted
by any predefined level of disease activity, absence of
comorbidity or rigid trial guidelines, but rather reflects
clinical practice in the different countries. Another poten-
tial limitation of the study would be the lack of data on
other domains of disease (enthesitis, skin and axial dis-
ease), which is a residual confounder we cannot ac-
count for. Furthermore, the inclusion of a 28-joint count
only is a potential limitation, since a more comprehen-
sive joint status would have increased the validity of the
arthritis score in this study.

Conclusion

Across the Nordic countries, the prescription pattern for
biologic therapies for PsA has changed significantly over
time. The point prevalence and the number of PsA
patients treated with bDMARDs increased from 2006 to
2017. In recent years, PsA patients have initiated
bDMARDs with lower disease activity compared with
previous years, suggesting that bDMARDs are initiated
in patients with a less active inflammatory phenotype.

Collaboration across registers will allow for robust as-
sessment of the uptake of newer biologic therapies.
Prescription patterns for the Nordic countries have cer-
tain similarities, but because of the separate guidelines
for each country’s healthcare system, there are also
differences.
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