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Abstract 

Background Biologic and targeted synthetic disease-modifying antirheumatic drugs (b/tsDMARDs) are highly 
effective in treating rheumatoid arthritis (RA), albeit high drug cost has restricted their use in many countries. As 
a countermeasure, Norway implemented pharmaceutical tendering as a cost-reducing strategy. The aim of this study 
was to assess the annual proportion of different b/tsDMARDs registered to treat RA patients under the influence 
of a Norwegian pharmaceutical tendering between 2010 and 2019.

Method The data is collected from ten Norwegian outpatient centers. The included patients are categorized as naïve, 
non-naïve, and current b/tsDMARD users. 13 individual b/tsDMARDs are assessed and compared with the tender 
rankings from each year. Overview of subcutaneous (sc) with per oral vs. intravenous (iv) and biosimilars vs. non-
biosimilar are also described.

Result The tender-winning b/tsDMARD was the most or second most used drug in nine out of ten years for naïve 
users, seven for non-naïve users, and twice for current users. The average sum of the highest and second highest 
proportion among naïve, non-naïve, and current b/tsDMARD users were 75%, 53%, and 50% during the ten years, 
respectively. The tender-winning drug was iv in eight out of ten years. However, the average total proportion of sc 
and per oral b/tsDMARDs was about 70% for naïve b/tsDMARD users, 50% for non-naïve b/tsDMARD users, and 60% 
for current b/tsDMARD users. The main contributors to sc and per oral b/tsDMARD were etanercept (reference 
and biosimilar) and certolizumab pegol. The main contributors to iv b/tsDMARD were rituximab reference and inflixi-
mab biosimilar. Despite low-ranking offers, rituximab reference (offered as a second-line drug) often achieved a high 
proportion among non-naïve and current b/tsDMARD users. After the introduction of biosimilars, their average pro-
portion was about 40%, 40%, and 20% for naïve, non-naïve, and current b/tsDMARD users, respectively.

Conclusion Based on observed data, a higher tender rank was associated with a higher proportion among naïve 
and non-naïve b/tsDMARD users. However, in most cases, sc b/tsDMARDs achieved a higher proportion with lower 
tender ranks than iv b/tsDMARDs with higher tender ranks.
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Background
Rheumatoid arthritis (RA) is a chronic inflammatory 
joint disease with a reported prevalence of 0.5–1% [1]. 
RA causes joint stiffness and pain, fatigue, physical 
impairments, and reduced quality of life [2–4], which can 
further lead to reduced work capacity and work disability 
(unemployment or early retirement) [5, 6]. This may con-
tribute both directly and indirectly to the cost of illness, 
financially affecting the patients and their families, the 
healthcare system, and society [5, 6].

Major improvements in clinical outcomes during the 
last twenty years can be attributed to the usage of bio-
logic and targeted synthetic disease-modifying antirheu-
matic drugs (b/tsDMARDs) and treatment strategies 
focusing on treating RA patients into remission [7–11]. 
Despite today’s wide availability of b/tsDMARDs, their 
high cost limits their use in many countries, contributing 
to a worldwide discrepancy in access to care [12–14]. As 
a countermeasure, the Norwegian Hospital Procurement 
Trust (NHPT) has vigorously promoted annual national 
pharmaceutical tendering with the intention to lower 
drug costs [15, 16].

In a recently published paper, we examined the cost 
changes of b/tsDMARDs for RA treatment between 2010 
and 2019 in Norway under the influence of this national 
pharmaceutical tendering [16]. In the present study, the 
aim was to assess the annual proportion of different b/
tsDMARD used to treat RA patients under the influence 
of the Norwegian pharmaceutical tendering between 
2010 and 2019.

Methodology
Data and patient collection
Data were collected using the software GoTreatIT 
® Rheuma (www. diagr aphit. com) (GTI) from ten 
BioRheuma centers with standardized patient moni-
toring of the minimum dataset of variables presented 
below. Further details on the BioRheuma project and 
the BioRheuma centers have been described in another 
paper [16]. In short, from each participating center, 
anonymized Excel data files were for every year sent for 
merging and statical analysis. Due to the anonymized 
data from each center for each year, the collected data 
was assessed cross-sectionally to describe annual trends 
in a descriptive format. The data were extracted from 
each participating center’s GTI database using two pre-
defined queries for each year between 2010 and 2019. 
The first query retrieved RA patients registered with at 

least one visit in the evaluated year, generating the cur-
rent user dataset. Data from the latest visit was used if 
multiple visits occurred during that year. The second 
query retrieved all patients starting annually on a b/
tsDMARD for each year of the ten years, generating the 
starting b/tsDMARD dataset.

For included patients, collected data for each year 
encompassed demographic variables, biomarker vari-
ables, disease activity measures, and patient-reported 
outcome measures (PROMs). Demographic variables 
include patient age, sex, body mass index (BMI, kg/m2), 
current smoking status, and disease duration (calculated 
from the date of diagnosis until the latest visit at the out-
patient clinic for the examined year).

Biomarker variables include rheumatoid factor (RF) 
and anti-cyclic citrullinated peptide (anti-CCP). Meas-
ures reflecting disease activity encompass laboratory 
measures (erythrocyte sedimentation rate (ESR), C-reac-
tive protein (CRP)), the 28 swollen and tender joint count 
(SJC28 and TJC28), investigator global assessment (IGA) 
scored on a visual analog scale (VAS; 0-100 mm), and the 
composite 28 joint count Disease Activity Score using 
CRP (DAS28) [17].

The PROMs included were pain, patient global 
assessment (PGA), and fatigue scored on a VAS scale 
(0-100 mm). For each variable, the mean and average val-
ues were computed and presented separately for those 
treated with any b/tsDMARD as well as for TNFi-, non-
TNFi-, and tsDMARD-groups.

Treatment user categorization
The evaluated data on the treatment user groups were 
divided into three categories: current b/tsDMARD users 
collected from the current user dataset, and naïve and 
non-naïve b/tsDMARD users (both registered on a new 
b/tsDMARD) collected from the starting b/tsDMARD 
dataset (Fig. 1). Naïve b/tsDMARD users are those regis-
tered receiving their first b/tsDMARD, and non-naïve b/
tsDMARD users are those registered receiving the given 
b/tsDMARD after previously being on a different b/tsD-
MARD. Although the starting b/tsDMARD dataset does 
not specify the sequence or treatment duration, a non-
chronological drug order of previously used b/tsDMARD 
for each b/tsDMARD was documented.

The proportions of each b/tsDMARD, defined as the 
number of individual drug registrations divided by the 
total number of drug registrations of the given drug for 
a given year, were calculated and presented annually. A 
cross-sectional trend assessment of the proportions of 
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each distinct group was conducted independently. All 
evaluated registrations were collected from the GTI sys-
tem and not compared to any other prescription registry.

BioRheuma centers selection
There were 13 BioRheuma centers initially planned for 
this study. However, three centers provided data (for 
the current dataset) for four or fewer years and were 
excluded from our analysis due to data deficiencies. The 
final current dataset consists of ten centers, each pro-
viding data for at least eight out of ten years. Details on 
these missing years are provided in the paper’s flow-
chart (Fig.  1). Unless stated otherwise, all patients were 
included from the included centers.

Medication selection and analysis
A total of 16 b/tsDMARD types were identified, of which 
13 were included in this study. Anakinra (n = 19), secuki-
numab (n = 37), and ustekinumab (n = 6) were excluded 
due to either lack of indication or very few registrations 
and were prescribed outside the tendering. On average, 

the excluded b/tsDMARDs accounted for roughly six 
patients (0.2% of b/tsDMARDs) each year.

The included bDMARD Tumor Necrosis Factor inhibi-
tors (TNFi) were intravenous (iv) infliximab reference 
(Remicade®) [1999] (presented with the trade name in 
parenthesis and the year of reaching the market in brack-
ets), iv infliximab CT-P13 (Remsima®/Inflectra®) [2013], 
subcutaneous (sc) etanercept reference (Enbrel®) [2000], 
sc etanercept SB4 (Benepali®) [2016], sc adalimumab 
reference (Humira®) [2003], sc golimumab (Simponi®) 
[2009], and sc certolizumab pegol (Cimzia®) [2009]. The 
bDMARD non-TNFi were iv abatacept (Orencia®) [2007, 
and sc from 2012], iv rituximab reference (MabThera®) 
[1998], iv rituximab GP2013 (Rixathon®) [2017], and 
iv tocilizumab (RoActemra®) [2009, and sc from 2014]. 
The included tsDMARDs were per oral (po) baricitinib 
(Olumiant®) [2017] and po tofacitinib (Xeljanz®) [2017]. 
The distinction between iv and sc variants of tocilizumab 
and abatacept was not registered in GoTreatIt. As they 
arrived initially to market as iv, they were labeled iv 
throughout this study.

Fig. 1 Overview of the inclusion and exclusion of BioRheuma centers and the registered b/tsDMARDs. Abbreviation: b/tsDMARDs = biologic 
and targeted synthetic disease-modifying antirheumatic drugs
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Patients who received double or multiple b/tsDMARDs 
(Fig. 1) were assessed as registration errors due to incon-
sistencies with our treatment guidelines and, as such, 
excluded from the study as it was not possible to distin-
guish the correctly registered b/tsDMARD. These errors 
are typically caused by record overlap when a new b/
tsDMARD is added before a previous one is removed. 
These patients with registration errors were omitted from 
the study and accounted for 0.5% of the annual average 
of current users receiving b/tsDMARDs during the study 
period. See Supplementary Table 1 for further details.

Among non-naïve users, a few of the previous b/tsD-
MARD administration was attributed to either anakinra, 
secukinumab, or ustekinumab, but none of these non-
naïve users were treated only with one of these drugs. 
Hence, their previous use did not impact the amount for 
naïve and non-naïve users.

Tender ranking, medication analysis
Each year the NHPT provides a report of the outcome 
of the Norwegian pharmaceutical tender, including a 
ranked list of b/tsDMARDs where rank 1 (highest rank) 
represents the least expensive drug offered. While the 
rank list is publicly available, the drug cost is confiden-
tial and only available for those with a need-to-know, e.g., 
prescribing rheumatologists, health economists, or cer-
tain health administrators. This study presents these rec-
ommendations with permission, albeit without details on 
the specific drug cost. The terms cost, price, and expendi-
ture are used interchangeably in this paper with no dis-
tinction in context.

Statistical analysis
Continuous variables are presented as mean with range 
and categorical variables as percentages with range. The 
variables for the ten-year period were calculated with 
an average of the mean from individual years. Change 
and association between variables over the ten-year 
period were analyzed with a one-way analysis of variance 
(ANOVA) for continuous variables and the chi-square 
test for categorical variables (independent for the b/tsD-
MARD overall, TNFi, non-TNFi, and tsDMARD groups). 
Although Table  1 displays each group’s average size 
(N), the annual N used for preliminary calculations was 
derived from the current dataset. Details on the annual N 
can be found in Table 4. The proportion computations (in 
percentage) in Tables 2, 3 and 4 are derived from the total 
annual count (N) for each user group. Detailed explana-
tions of the calculations are provided in the footnotes. 
No imputations were used for missing data. A p-value 
of < 0.05 was considered statistically significant. Statisti-
cal analyses were performed using Statistical Package for 
Social Sciences (SPSS) version 28.0 and Microsoft Excel. 

The graphical elements were developed using Microsoft 
Excel and supplemented using Adobe Photoshop.

Ethics
The study was approved by the regional ethical commit-
tee for medical health research ethics (REC) (Regional 
etisk komite Midt-Norge 2010/3078) and consequently 
follows the Declaration of Helsinki ethical principles of 
medical research involving human subjects. The study 
was also approved by the Institutional Review Board 
(Research Unit Sørlandet Hospital) and met the require-
ments of the Health Research Act [Helseforksningsloven] 
from 2009. The protocol used anonymized data, which 
did not require confirmed consent from the patient and 
was approved by the regional ethical committee for med-
ical health research ethics. All data was collected as part 
of routine clinical care.

Results
Demographics and disease characteristics
Table  1 displays aggregated data on demographics, dis-
ease activity, and patient-reported outcomes based on 
treatment groups to contextualize the b/tsDMARD data 
assessments better and understand the evaluated RA 
population. The aggregated average values among current 
b/tsDMARD users were 59 years of age, 73% females, 
26 kg/m2 in BMI, 18% smokers, 14 years disease duration, 
2.7 in DAS28, and 32 VAS in PGA. Table 1 shows further 
details of the aggregated overall b/tsDMARDs users and 
the three subgroups TNFi, non-TNFi, and tsDMARDs. 
Annual data on current, naïve, and non-naïve b/tsD-
MARD users is presented elsewhere [16].

The proportion of b/tsDMARDs
Table 2 shows an overview of b/tsDMARD prescriptions 
among naïve users, while Fig. 2 displays the annual ten-
der ranking and percentage visualization of naïve pre-
scriptions. Over the ten years, the total number of annual 
b/tsDMARD prescriptions for naïve users increased 
from 378 to 409 (highest in 2017 with 418). A propor-
tion change from 86.2% to 2010 to 86.8% in 2019 (highest 
in 2012 with 91.2%) for TNFi and a proportion decrease 
from 13.8% to 2010 to 5.6% in 2019 (highest in 2015 with 
16.0%) for non-TNFi was observed. An increase of 7.6% 
for tsDMARDs was observed in the last three years. No 
tsDMARD use was registered prior to 2017.

Table 3 shows an overview of b/tsDMARD proportion 
among non-naïve users, while Fig. 3 displays the annual 
tender ranking and percentage visualization for the non-
naïve users. Over the ten years, the total annual b/tsD-
MARD proportion for non-naïve users increased from 
452 to 1065. A proportion change from 47.1% to 2010 to 
48.5% in 2019 (highest in 2016 with 82.8%) for TNFi and 
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a proportion decrease from 52.9% to 2010 to 30.1% in 
2019 (highest in 2010) for non-TNFi was observed. The 
tsDMARDs increased to 21.3% in 2019 (29.0% in 2018).

During the ten-year study period, the number of regis-
tered RA patients in the databases increased from 4885 
to 2010 to 9280 in 2019. Table 4 reports the number of 
current users of b/tsDMARDs, while Fig.  4 shows the 
annual tender ranking and visualizes the current b/tsD-
MARD proportion. The percentage of annual individual 
b/tsDMARD use increased from 39.1% (n = 1910) in 2010 
to 44.2% (n = 4098) in 2019. Across the study period, the 
TNFi proportion decreased from 76.1% to 2010 to 64.4% 
in 2019 (highest in 2010), non-TNFi increased from 
23.9% to 2010 to 25.5% in 2019 (highest in 2017 with 
32.9%), while tsDMARDs increased to 10.1% in 2019.

The average sum of the highest and second highest pro-
portions among naïve, non-naïve, and current users were 
75%, 53%, and 50% during the ten years, respectively. In 
Figs. 2, 3 and 4, the ranks are arranged from 1 to 6 ((1), 
(2), (3), (4), (5), and (6)), ranks > 6 (> 6), those that did not 
give any offers (NO), and those that were outcompeted 

by their equivalent biosimilar (BE). The annual winner 
for each year is emboldened in Tables 2, 3 and 4.

Individual b/tsDMARD proportion observations
Rituximab reference (iv) was approved in 1998 and 
included in the Norwegian pharmaceutical tendering. 
Initially, rituximab reference remained relatively sta-
ble across all user categories, then decreased over six 
years among naive and non-naive but not current users. 
Despite this pattern, rituximab reference was either the 
highest or second highest in proportion in eight out of 
ten years for current users, five for non-naïve users, and 
once for naïve users.

During the first four years (2010–2013), iv infliximab 
reference (approved in 1999) was observed to have a low 
prescription proportion compared with all other b/tsD-
MARDs. In 2014 its biosimilar infliximab CT-P13 gave 
its first offer (ranking first). In the following years (2014 
to 2016), infliximab reference fell close to zero in all cat-
egories, while infliximab CT-P13 rapidly increased. Inf-
liximab CT-P13 decreased drastically in 2019 for both 

Table 2 Overview of annual naïve b/tsDMARD prescriptions shown in numbers and percentages

Annual naïve treatment of rheumatoid arthritis patients in Norway for the period 2010–2019 showing the prescription of specific b/tsDMARDs. Total (N) is the amount 
of naïve b/tsDMARD prescriptions each year. All values are the annual numbers of prescribed drugs (or subcategories) with a percentage (%) of the Total (N). ∑ 
1st + 2nd HV = The sum of the first and second Highest Proportion of b/tsDMARDs. ∑ SC + PO = The accumulated amount of subcutaneous and per oral b/tsDMARD of 
all naïve b/tsDMARD users. ∑ Biosimilar = The sum of the total amount of biosimilars

Abbreviation: b/tsDMARDs Biologic and targeted synthetic disease-modifying antirheumatic drugs, TNFi Tumor Necrosis Factor inhibitor, tsDMARDs Target synthetic 
DMARDs, NA Not available, R Reference agent
a Infliximab, etanercept, adalimumab reference, abatacept, and rituximab had their first recommendation in 2008 and tocilizumab in 2009
b Illustrates which drug was recommended on the condition of being a second-line drug
c Indicate the tender winner is also either the highest or second highest in proportion. The annual tender winner is marked in bold

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Total (N) 378 424 421 385 356 368 400 418 408 409

TNFi 326 (86.2) 382 (90.1) 384 (91.2) 349 (90.6) 310 (87.1) 309 (84.0) 362 (90.5) 372 (89.0) 327 (80.1) 355 (86.8)

Infliximab  Ra 63 (16.7) 20 (4.7) 14 (3.3) 14 (3.6) 7 (2.0) 11 (3.0) 0 (0) 0 (0) 2 (0.5) 0 (0)

InfliximabCT−P13 NA NA NA NA 45 (12.6) 140 (38.0) 145 (36.3) 106 (25.4) 156 (38.2) 24 (5.9)

Etanercept  Ra 47 (12.4) 295 (69.6) 273 (64.8) 62 (16.1) 26 (7.3) 18 (4.9) 25 (6.3) 5 (1.2) 5 (1.2) 0 (0)

EtanerceptSB4 NA NA NA NA NA NA 22 (5.5) 208 (49.8) 138 (33.8) 13 (3.2)

Adalimumab  Ra 63 (16.7) 18 (4.2) 10 (2.4) 5 (1.3) 7 (2) 1 (0.3) 3 (0.8) 1 (0.2) 5 (1.2) 313 (76.5)
Certolizumab 12 (3.2) 21 (5.0) 69 (16.4) 249 (64.7) 215 (60.4) 134 (36.4) 166 (41.5) 52 (12.4) 19 (4.7) 5 (1.2)

Golimumab 141 (37.3) 28 (6.6) 18 (4.3) 19 (4.9) 10 (2.8) 5 (1.4) 1 (0.3) 0 (0) 2 (0.5) 0 (0)

Non-TNFi 52 (13.8) 42 (9.9) 37 (8.8) 36 (9.4) 46 (12.9) 59 (16.0) 38 (9.5) 46 (11.0) 51 (12.5) 23 (5.6)

Abatacepta 8 (2.1) § 4 (0.9) 0 (0) 3 (0.8) 2 (0.6) 8 (2.2) 4 (1.0) 9 (2.2) 9 (2.2) 1 (0.2)

Rituximab  Ra 29 (7.7)b 34 (8.0)b 19 (4.5)b 16 (4.2)b 21 (5.9)b 19 (5.2)b 22 (5.5) 18 (4.3) 26 (6.4)b 7 (1.7)b

RituximabGP2013 NA NA NA NA NA NA NA NA 0 (0) 12 (2.9)b

Tocilizumaba 15 (4.0) 4 (0.9) 18 (4.3) 17 (4.4) 23 (6.5) 32 (8.7) 12 (3.0) 19 (4.5) 16 (3.9) 3 (0.7)

tsDMARDs NA NA NA NA NA NA NA 0 (0) 30 (7.4) 31 (7.6)

Tofacitinib NA NA NA NA NA NA NA 0 (0) 30 (7.4) 3 (0.7)

Baricitinib NA NA NA NA NA NA NA 0 (0) 0 (0) 28 (6.8)

∑ 1st + 2nd HV 54%c 78%c 81% 81%c 73%c 74%c 78%c 75%c 72%c 83%c

∑ SC + PO 70% 85% 88% 87% 73% 43% 54% 64% 49% 89%

∑ Biosimilar 0% 0% 0% 0% 13% 38% 42% 75% 72% 12%
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naïve and non-naïve users. That same year iv biosimilar 
rituximab GP2013 was introduced, and sc adalimumab 
reference won the tendering. While rituximab GP2013 
was negligible for the naïve and current users, it acquired 
a quarter of the non-naïve proportion in 2019 (rank 4).

Etanercept reference (sc) was also one of the b/tsD-
MARDs that participated in the early years of pharma-
ceutical tendering, and in contrast to most other b/
tsDMARD, etanercept reference managed to acquire 
a large proportion prior to 2010. In 2010, it consti-
tuted 36% of the total current proportion. This pattern 
remained stable at around one-third of the total and as 
the highest proportion until the introduction of etaner-
cept SB4 in 2016, after which etanercept reference 
gradually decreased (3% in 2019) while etanercept SB4 
increased. While not equally stable but overall high in 
proportion, the same turnover between etanercept ref-
erence and its biosimilar was observed among naïve and 
non-naïve users.

The second observably high sc b/tsDMARD was cer-
tolizumab pegol. While it did not reach high numbers 

initially nor ever managed to reach the highest propor-
tion among current users (2–18%), its proportion was 
relatively stable, even after the introduction of biosimi-
lars. It was most prescribed between 2012 and 2016 for 
naïve and non-naïve users, acquiring the highest or sec-
ond highest proportion in almost all those years. Between 
2013 and 2016, it provided either the best or second-best 
offer during the tendering. Interestingly, from 2017 to 
2019, its offers were above rank six each year, but it still 
managed to keep relatively stable current users.

Golimumab (sc) never acquired a large proportion 
and never came first or second on the tender ranking 
(three times rank 3). Adalimumab reference (sc), which 
had even worse-ranked offers (all above rank six, except 
2019), had a higher proportion among current users but 
lower among naïve and non-naïve compared to goli-
mumab. In 2019 adalimumab reference was priced lower 
than its corresponding biosimilar adalimumab GP2017, 
Hyrimoz®, and ranked first in the pharmaceutical ten-
dering (resulting in an exclusion of Hyrimoz from the 
Norwegian tendering). During the same year, a slight 

Table 3 Overview of annual non-naïve b/tsDMARDs prescription shown in numbers and percentages

Annual non-naïve treatment of rheumatoid arthritis patients in Norway for the period 2010–2019 showing the prescription of specific b/tsDMARDs. Total (N) is the 
amount of non-naïve b/tsDMARD prescriptions each year. All values are the annual numbers of prescribed drugs (or subcategories) with a percentage (%) of the 
Total (N). ∑ 1st + 2nd HV = The sum of the first and second Highest Proportion of b/tsDMARDs. ∑ SC + PO = The accumulated amount of subcutaneous and per oral b/
tsDMARD of all naïve b/tsDMARD users. ∑ Biosimilar = The sum of the total amount of biosimilars

Abbreviation: b/tsDMARDs Biologic and targeted synthetic disease-modifying antirheumatic drugs, TNFi Tumor Necrosis Factor inhibitor, tsDMARDs Target synthetic 
DMARDs, NA Not available, R Reference agent
a Indicate the tender winner is also either the highest or second highest in proportion. The annual tender winner is marked in bold
b Infliximab, etanercept, adalimumab reference, abatacept, and rituximab had their first recommendation in 2008 and tocilizumab in 2009
c Illustrates which drug was recommended on the condition of being a second-line drug

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Total (N) 452 463 454 471 496 578 1270 921 656 1065

TNFi 213 (47.1) 252 (54.4) 282 (62.1) 281 (59.7) 278 (56.0) 363 (62.8) 1052 (82.8) 635 (68.9) 333 (50.8) 517 (48.5)

Infliximab  Rb 23 (5.1) 11 (2.4) 24 (5.3) 17 (3.6) 12 (2.4) 10 (1.7) 0 (0) 0 (0) 1 (0.2) 0 (0)

InfliximabCT−P13 NA NA NA NA 29 (5.8) 159 (27.5) 355 (28.0) 213 (23.1) 173 (26.4) 122 (11.5)

Etanercept  Rb 60 (13.3) 98 (21.2) 62 (13.7) 44 (9.3) 43 (8.7) 37 (6.4) 37 (2.9) 4 (0.4) 2 (0.3) 1 (0.1)

EtanerceptSB4 NA NA NA NA NA NA 494 (38.9) 360 (39.1) 127 (19.4) 57 (5.4)

Adalimumab  Rb 36 (8.0) 41 (8.9) 22 (4.8) 10 (2.1) 17 (3.4) 6 (1) 5 (0.4) 3 (0.3) 8 (1.2) 320 (30.0)
Certolizumab 32 (7.1) 77 (16.6) 138 (30.4) 152 (32.3) 137 (27.6) 118 (20.4) 144 (11.3) 42 (4.6) 17 (2.6) 14 (1.3)

Golimumab 62 (13.7) 25 (5.4) 36 (7.9) 58 (12.3) 40 (8.1) 33 (5.7) 17 (1.3) 13 (1.4) 5 (0.8) 3 (0.3)

Non-TNFi 239 (52.9) 211 (45.6) 172 (37.9) 190 (40.3) 218 (44.0) 215 (37.2) 218 (17.2) 231 (25.1) 133 (20.3) 321 (30.1)

Abataceptb 43 (9.5)c 38 (8.2) 15 (3.3) 10 (2.1) 51 (10.3) 59 (10.2) 47 (3.7) 57 (6.2) 32 (4.9) 11 (1.0)

Rituximab  Rb 125 (27.7)c 117 (25.3)c 83 (18.3)c 94 (20.0)c 101 (20.4)c 87 (15.1)c 91 (7.2) 90 (9.8) 65 (9.9)c 10 (0.9)c

RituximabGP2013 NA NA NA NA NA NA NA NA 3 (0.5) 284 (26.7)c

Tocilizumabb 71 (15.7) 56 (12.1) 74 (16.3) 86 (18.3) 66 (13.3) 69 (11.9) 80 (6.3) 84 (9.1) 33 (5.0) 16 (1.5)

tsDMARDs NA NA NA NA NA NA NA 55 (6.0) 190 (29.0) 227 (21.3)

Tofacitinib NA NA NA NA NA NA NA 39 (4.2) 179 (27.3) 29 (2.7)

Baricitinib NA NA NA NA NA NA NA 16 (1.7) 11 (1.7) 198 (18.6)

∑ 1st + 2nd HV 43% 47%a 49% 52%a 48% 48%a 67%a 62%a 54%a 57%a

∑ SC + PO 42% 52% 57% 56% 48% 34% 55% 52% 53% 58%

∑ Biosimilar NA NA NA NA 6% 28% 67% 62% 46% 44%
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increase (5–17%) in proportion was observed among 
the adalimumab reference current users, and a substan-
tial increase was observed among both the naïve (1–77% 
increase in proportion) and non-naïve users (1–30% 
increase).

Tocilizumab (iv) proportion increased during the first 
four years but gradually decreased during the next six 
years for naïve and non-naïve users. For current users, it 
remained stable after the initial increase. Between 2010 
and 2019, abatacept (iv) had a low yet stable prescription 
proportion for all categories, with offers in the tender-
ing ranking above fifth for most years. Both tocilizumab 
and abatacept were initially offered as iv drugs, but from 
2014 (tocilizumab) and 2012 (abatacept), they were also 
approved for subcutaneous use.

Rituximab reference was only recommended as a sec-
ond-line drug during the ten years, except those years 
when no offers were provided. Abatacept in 2010 and 
rituximab GP2013 in 2019 were also recommended as 
second-line drugs. In other words, these drugs were 

recommended to be used only when another b/tsD-
MARD showed inadequate effect or resulted in adverse 
effects. Second-line drugs are marked in Tables 2, 3 and 
4.

Tofacitinib and baricitinib were introduced in 2017 as 
po (tablet) b/tsDMARDs (tsDMARDs). Non-naïve users 
in 2018 for tofacitinib and 2019 for baricitinib acquired 
about 30% and 20% of the total proportion, respectively. 
The tsDMARDs did not acquire more than 10% com-
bined proportion in the other user subgroups and years.

Subcutaneous and oral vs. intravenous b/tsDMARD 
proportion
On average, across the ten years, the sum of subcutane-
ous and per oral (sc/po) b/tsDMARDs accounted for 
70.0% (range 42.9–88.5%) among all naïve b/tsDMARD 
users, 50.7% (range 33.6–58.4%) among non-naïve users, 
and 60.4% (range 53.5–62.2%) among current users 
(Fig. 5).

Table 4 Overview of annual current b/tsDMARD use shown in amount and percentage

Annual current treatment of rheumatoid arthritis patients in Norway for the period 2010–2019 showing the use of specific b/tsDMARDs. Total (N) is the amount of 
current b/tsDMARD use each year. All values are the annual numbers of used drugs (or subcategories) with a percentage (%) of the Total (N). Percentages in brackets 
[%] are estimated from the total registered patients (n). ∑ 1st + 2nd HV = The sum of the first and second Highest Proportion of b/tsDMARDs. ∑ SC + PO = The 
accumulated amount of subcutaneous and per oral b/tsDMARD of all naïve b/tsDMARD users. ∑ Biosimilar = The sum of the total amount of biosimilars

Abbreviation: b/tsDMARDs Biologic and targeted synthetic disease-modifying antirheumatic drugs, TNFi Tumor Necrosis Factor inhibitor, tsDMARDs Target synthetic 
DMARDs, NA Not available, R Reference agent
a Indicate the tender winner is also either the highest or second highest in proportion. The annual tender winner is marked in bold
b Infliximab, etanercept, adalimumab reference, abatacept, and rituximab had their first recommendation in 2008 and tocilizumab in 2009
c Illustrates which drug was recommended on the condition of being a second-line drug

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

n = 4885 n = 7230 n = 7970 n = 7248 n = 7993 n = 9010 n = 9037 n = 9129 n = 9048 n = 9280

Total (N) 1910 [39.1] 2829 [39.1] 3111 [39.0] 3029 [41.8] 3388 [42.4] 3639 [40.4] 3631 [40.2] 3771 [41.3] 3813 [42.1] 4098 [44.2]

TNFi 1454 (76.1) 2099 (74.2) 2279 (73.3) 2212 (73.0) 2430 (71.7) 2470 (67.9) 2442 (67.3) 2498 (66.2) 2394 (62.8) 2639 (64.4)

Infliximab  Rb 234 (12.3) 274 (9.7) 252 (8.1) 242 (8.0) 238 (7.0) 152 (4.2) 63 (1.7) 38 (1.0) 27 (0.7) 18 (0.4)

InfliximabCT−P13 NA NA NA NA 60 (1.8) 269 (7.4) 435 (12.0) 448 (11.9) 510 (13.4) 438 (10.7)

Etanercept  Rb 688 (36.0) 1130 (39.9) 1242 (39.9) 1104 (36.4) 1078 (31.8) 977 (26.8) 620 (17.1) 226 (6.0) 164 (4.3) 113 (2.8)

EtanerceptSB4 NA NA NA NA NA NA 255 (7.0) 874 (23.2) 948 (24.9) 878 (21.4)

Adalimumab  Rb 396 (20.7) 430 (15.2) 428 (13.8) 315 (10.4) 313 (9.2) 295 (8.1) 262 (7.2) 225 (6.0) 200 (5.2) 713 (17.4)
Certolizumab 29 (1.5) 94 (3.3) 188 (6.0) 374 (12.3) 553 (16.3) 611 (16.8) 660 (18.2) 571 (15.1) 444 (11.6) 394 (9.6)

Golimumab 107 (5.6) 171 (6.0) 169 (5.4) 177 (5.8) 188 (5.5) 166 (4.6) 147 (4.0) 116 (3.1) 101 (2.6) 85 (2.1)

Non-TNFi 456 (23.9) 730 (25.8) 832 (26.7) 817 (27.0) 958 (28.3) 1169 (32.1) 1189 (32.7) 1242 (32.9) 1169 (30.7) 1047 (25.5)

Abataceptb 68 (3.6) § 85 (3.0) 79 (2.5) 68 (2.2) 97 (2.9) 126 (3.5) 129 (3.6) 147 (3.9) 125 (3.3) 99 (2.4)

Rituximab  Rb 329 (17.2)c 533 (18.8)c 589 (18.9)c 558 (18.4)c 617 (18.2)c 753 (20.7)c 777 (21.4) 788 (20.9) 781 (20.5)c 456 (11.1)c

RituximabGP2013 NA NA NA NA NA NA NA NA 4 (0.1) 266 (6.5)c

Tocilizumabb 59 (3.1) 112 (4.0) 164 (5.3) 191 (6.3) 244 (7.2) 290 (8.0) 283 (7.8) 307 (8.1) 259 (6.8) 226 (5.5)

tsDMARDs NA NA NA NA NA NA NA 31 (0.8) 250 (6.6) 412 (10.1)

Tofacitinib NA NA NA NA NA NA NA 24 (0.6) 233 (6.1) 227 (5.5)

Baricitinib NA NA NA NA NA NA NA 7 (0.2) 17 (0.4) 185 (4.5)

∑ 1st + 2nd HV 57% 59%a 59% 55% 50% 48% 40% 44% 45% 39%a

∑ SC + PO 64% 65% 65% 65% 63% 56% 54% 54% 55% 63%

∑ Biosimilar NA NA NA NA 2% 7% 19% 35% 38% 39%
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Etanercept reference and its biosimilar SB4 combined 
and certolizumab pegol constituted about 40% on aver-
age each of the sc/po b/tsDMARD proportion among 
naïve users and around 35% on average among non-
naïve users. The combined proportion of etanercept 
reference and its biosimilar were highest for the current 
users, where it constituted 52% on average of the sc/po 
b/tsDMARD proportion. While adalimumab reference 
achieved 11–18% on average among the different sub-
group users, it constituted 86%, 51%, and 28% of the sc/
po b/tsDMARD proportion for naïve, non-naïve, and 
current users in 2019, respectively.

The iv b/tsDMARDs accounted for an average of 
30.0% (range 11.5–57.1%) among all naïve b/tsDMARD 
users, 49.3% (range 41.6–66.4%) among non-naïve 
users, and 39.6% (range 53.5–62.2%) among current 
users (Fig.  5). For naïve users, the combined propor-
tion of infliximab reference and infliximab CT-P13 
constituted 54% on average of all iv b/tsDMARDs. In 
comparison, the rituximab reference and rituximab 

GP2013 combined covered less than 2% on average. For 
non-naïve users, the infliximab combination and the 
rituximab combination were relatively similar on aver-
age (29% vs. 37%, respectively). Among non-naïve iv b/
tsDMARD users, Rituximab reference dominated until 
infliximab CT-P13 started gaining market in 2014–
2015, with another shift in 2019 in favor of rituximab 
GP2013. For current users, the combination difference 
was more prominent, with 49% for the rituximab com-
bination and 28% for the infliximab combination.

While sc/po b/tsDMARD were consistently higher 
or similar in proportion compared to iv b/tsDMARDs 
across all three user subgroups, the tender-winning 
drug was iv in eight of ten pharmaceutical tenders. For 
iv current and non-naïve users, the rituximab combi-
nation was favored over the infliximab combination, 
despite the infliximab combination winning the tender 
seven out of ten times, while the rituximab combina-
tion won once. The accumulated sc/po b/tsDMARDs 
are shown separately in Tables 2, 3, and 4.

Fig. 2 Overview of annual naïve b/tsDMARD prescriptions illustrated with tender rankings in a stacked area graph. Note: Annual naïve treatment 
of rheumatoid arthritis patients in Norway for the period 2010–2019 showing the prescription of specific b/tsDMARDs drugs with corresponding 
tender rankings for the b/tsDMARDs drugs displayed using a stacked area graph. The specific values are shown in Table 3. Each b/tsDMARD 
has a unique color, shown on the right. Biosimilars are marked with circles. No offers indicate b/tsDMARD refrained from participating in the annual 
tender. Only the best offer was recommended among participating equivalent biosimilars and their corresponding reference agents. Those 
that provided an offer but were not recommended are marked as Biosimilar Equivalents. Abbreviation: b/tsDMARDs = biologic and targeted 
synthetic disease-modifying antirheumatic drugs
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Biosimilars vs. non-biosimilar proportion
During the last six years of the study period, biosimi-
lars were observed to have either the highest or second 
highest proportion six out of six years for naïve b/tsD-
MARD users, five for non-naïve b/tsDMARD users, and 
three for current b/tsDMARD users. The average total 
biosimilar proportion was 41.9% (range 12.0–75.1%), 
42.0% (range 5.8–66.9%), and 23.4% (range 1.8–38.6%) 
for naïve, non-naïve and current b/tsDMARD users, 
respectively (Tables 2, 3 and 4). The tender-winning b/
tsDMARD was biosimilar infliximab CT-P13 in five out 
of six tenders. Observations of the turnover between 
the reference agent (infliximab and etanercept) and 
their corresponding biosimilars in all user subgroups 
can be found in Figs. 2, 3 and 4. The difference between 
biosimilars and non-biosimilar is displayed in Fig. 6.

Discussion
The main finding of this study shows that b/tsDMARD 
procurements during the ten-year period, guided by 
the Norwegian pharmaceutical tendering, appeared to 

influence the choice of treatment among RA patients 
registered on a new b/tsDMARD, especially among 
those without prior b/tsDMARD registration (naïve 
users). This was determined by observing a tender-
winning b/tsDMARD also being the highest or second 
highest in registration in nine out of ten years for naïve 
users, seven out of ten for non-naïve users, and only 
twice among current users. While the iv b/tsDMARDs 
were the tender-winning drug in seven out of ten years, 
the sc/po b/tsDMARDs acquired a higher proportion 
on average among naïve and current users and equally 
among non-naïve users. Based on these observations, 
generalized assumptions can be made. A better offer 
(i.e., higher tender rank) appears to be linked with 
increased new registrations for the given b/tsDMARD. 
However, the highest tender rank may not always cor-
respond with changes in b/tsDMARD registration pat-
tern among the current b/tsDMARD users. This may 
be due to the high number of loyal b/tsDMARD users 
or prescribers, i.e., those patients who wish to remain 
or are kept by their rheumatologist on the same b/tsD-
MARD despite better economic alternatives.

Fig. 3 Overview of annual non-naïve b/tsDMARD prescriptions illustrated with tender rankings in a stacked area graph. Note: Annual non-naïve 
treatment of rheumatoid arthritis patients in Norway for the period 2010–2019 showing the prescription of specific b/tsDMARDs drugs 
with corresponding tender rankings for the b/tsDMARDs drugs displayed using a stacked area graph. The specific values are shown in Table 4. Each 
b/tsDMARD has a unique color, shown on the right. Biosimilars are marked with circles. No offers indicate b/tsDMARD refrained from participating 
in the annual tender. Only the best offer was recommended among participating equivalent biosimilars and their corresponding reference agents. 
Those that provided an offer but were not recommended are marked as Biosimilar Equivalents. Abbreviation: b/tsDMARDs = biologic and targeted 
synthetic disease-modifying antirheumatic drugs
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One may argue that if the loyalty of either the user or 
the prescriber to the given b/tsDMARD is established, 
e.g., via consistent low cost and/or treatment satisfaction, 
it is more likely that the RA patient will remain on their 
current b/tsDMARD, regardless of less costly alternatives 
available. Such an example can be observed with certoli-
zumab pegol, which gained the proportion benefit among 
naïve and non-naïve users with first- and second-rank 
offers in the period between 2013 and 2016. Thereafter, 
during the three following years, certolizumab pegol 
remained relatively stable in proportion among current 
users despite only providing tender offers above rank six. 
This loyalty is further endorsed by the lack of available 
evidence or recommendations to promote a cost-benefi-
cial non-medical switch between various b/tsDMARDs 
with different substances (e.g., within TNFi, or between 
TNFi and non-TNFi) [18]. Norwegian rheumatolo-
gists generally follow the “do not change from the win-
ning team” principle. However, switching non-medically 
between a reference agent and its biosimilar (or between 
biosimilars) is now generally recognized and is usually 

conducted to achieve lower costs in Norway. Some may 
argue that there is inconclusive data on the safety of con-
ducting this type of non-medical switch and advocate 
for not switching between reference agent and biosimi-
lar; however, no consistent evidence suggests it is unsafe 
either [19]. Results from Norway (NOR-SWITCH study) 
[20, 21] and Denmark (DANBIO registry) [22, 23] have 
shown positive outcomes when switching (even non-
medically) patients from reference agents to the cheaper 
biosimilar alternative. Since 2018, the Norwegian phar-
maceutical tendering has decided to only recommend the 
best offer among the reference agents and its biosimilars 
and considered the respective others as bioequivalent.

While iv b/tsDMARD generally provided better offers, 
they were almost consistently lower in proportion than 
sc/po b/tsDMARDs. The low interest in iv drugs com-
pared to sc/po may be related to the iv drugs’ addi-
tional cost and less favorable patient satisfaction [24, 
25]. In Norway, by our understanding, the overall cost 
of iv b/tsDMARD entails higher additional healthcare 
expenditure due to medical materials, training of anyone 

Fig. 4 Overview of annual current b/tsDMARDs use illustrated with tender rankings in a stacked area graph. Note: Annual current treatment 
of rheumatoid arthritis patients in Norway for the period 2010–2019 showing the use of specific b/tsDMARDs drugs with corresponding tender 
rankings for the b/tsDMARDs drugs displayed using a stacked area graph. The specific values are shown in Table 2. Each b/tsDMARD has a unique 
color, shown on the right. Biosimilars are marked with circles. No offers indicate b/tsDMARD refrained from participating in the annual tender. 
Only the best offer was recommended among participating equivalent biosimilars and their corresponding reference agents. Those that provided 
an offer but were not recommended are marked as Biosimilar Equivalents. Abbreviation: b/tsDMARDs = biologic and targeted synthetic 
disease-modifying antirheumatic drugs
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involved in administrating the iv b/tsDMARD, the cost of 
implementing a working staff to administrate the drug, 
and patient transportation (either out of pocket or gov-
ernmentally paid). In Norway, in decentralized areas, 
some patients have to travel up to 200–300 km to their 
nearest rheumatologist. The iv rituximab reference is an 
exception to the aforementioned observation. Rituximab 

reference was either the highest or second highest in pro-
portion in eight out of ten years for current users, five 
for non-naïve, and once for naïve, albeit it was the ten-
der-winning drug only once. An important clarification 
is that rituximab was only offered as a second-line drug, 
albeit not exclusively as the only second-line option. 
Despite being offered on the premises as a backup drug 

Fig. 5 b/tsDMARD route of administration comparison for naïve (A), non-naïve (B), and current (C) treatment. Note: Overview comparison 
between intravenous and subcutaneous and tablet b/tsDMARDs for the subcategories naïve (A), non-naïve (B), and current (C) treatment 
of rheumatoid arthritis patients in Norway for the period 2010–2019. Circular icons illustrate if a subcutaneous or per oral b/tsDMARD 
was the tender-winning drug. Triangle icons illustrate if an intravenous b/tsDMARD was a tender-winning drug. The specific values are shown 
in Tables 2, 3, and 4. Abbreviation: b/tsDMARDs = biologic and targeted synthetic disease-modifying antirheumatic drugs
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and advised only under certain circumstances as a first-
line drug [26], it still acquired 5% on average across the 
ten-year period among naïve users. Provided the use of 
rituximab was not contraindicated, a positive outcome 
was documented when treating seropositive RA with 
rituximab [26, 27], which can explain the small, yet unex-
pected, proportion among naïve b/tsDMARD users.

While it can be argued that the NHPT’s effort to man-
age the Norwegian tender system for costly pharma-
ceuticals resulted in a reduced b/tsDMARD cost, it is 
also likely that the introduction of biosimilars played 
a central role [16]. Since the biosimilars’ development 
and approval expenditure is lower than that of refer-
ence agents, biosimilars can be sold for a lower cost and 

Fig. 6 b/tsDMARD biosimilar vs. non-biosimilar comparison for naïve (A), non-naïve (B), and current (C) treatment. Note: Overview comparison 
between intravenous and subcutaneous and tablet b/tsDMARDs for the subcategories naïve (A), non-naïve (B), and current (C) treatment 
of rheumatoid arthritis patients in Norway for the period 2010–2019. Circular icons illustrate if a biosimilar was a tender-winning drug. Triangle 
icons illustrate if a non-biosimilar was a tender-winning drug. The large circles with numbers 1, 2, and 3 mark the introduction of the first, second, 
and third biosimilar, respectively. The specific values are shown in Tables 2 and 3, and 4. Abbreviation: b/tsDMARDs = biologic and targeted synthetic 
disease-modifying antirheumatic drugs
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consequently stir market competition. This may reduce 
the overall pharmaceutical expenditure for the payers 
in European Union countries and, in turn, increase the 
availability of medications and improve access to care 
[28–30]. Similarly, as illustrated in this study, the bio-
similars’ introduction into the Norwegian pharmaceuti-
cal market may have influenced the overall b/tsDMARD 
proportion, especially the proportion of corresponding 
reference agents. Following the introduction of the first 
biosimilar in 2014, the iv infliximab CT-P13, the iv b/tsD-
MARDs were able to compete with the sc b/tsDMARDs 
despite iv’s less favorable patient satisfaction and higher 
cost [24, 25]. The iv b/tsDMARDs reached their propor-
tion peak in 2015, where their usage surpassed the sc/po 
b/tsDMARDs and acquired 57% and 66% of the total b/
tsDMARDs proportion for naïve and non-naïve users, 
respectively. Infliximab CT-P13’s favor started to wane 
in 2016 when the sc/po b/tsDMARDs’ gained a biosimi-
lar of their own, the sc etanercept SB4. Yet, among non-
naïve users, these two biosimilars accounted for 67% of 
the 1270 new biosimilar switches, the highest proportion 
of switches overall. While the sc etanercept SB4 gained a 
higher proportion, the iv infliximab CT-P13 kept the high 
competition active. In 2017 and 2018, the two biosimilars 
acquired more than 70% of the total b/tsDMARD pro-
portion among naïve users.

Although the NHPT’s goal was to achieve the low-
est possible b/tsDMARD cost, health outcomes were 
still prioritized. As such, the prescribing physicians 
were urged to be vigilant and careful when considering 
the NHPT’s recommendations, especially when dealing 
with novel b/tsDMARDs [31]. Under the NHPT’s rec-
ommendation (i.e., the Norwegian pharmaceutical ten-
der system) between 2010 and 2019, the observed health 
outcomes among RA patients in Norway did not worsen 
[16]. In fact, the observed remission rate increased from 
42 to 67% using DAS28 [16].

Pharmaceutical tendering can be cost-beneficial in the 
short term, as reported on multiple occasions [16, 32, 
33]. However, unless the potential pitfalls of long-term 
pharmaceutical tendering are adequately handled, its 
high competition can also lead to unwanted impacts on 
patient healthcare quality, government budgets, pharma-
ceutical supply and capacity, novel pharmaceutical devel-
opment, and sustainability of affordable prices [33–35]. 
In highly cost-reducing (i.e., highly competitive) phar-
maceutical tendering, the offers required to compete can 
be detrimental for pharmaceutical companies and conse-
quently result in a disinterest in providing any offer [33]. 
This can also be observed in the current study, where 
some companies decided not to give any offers, presump-
tively due to the high offers required to partake. If com-
panies do not renew contracts when they expire, patient 

treatment options may be reduced. Furthermore, if mul-
tiple competitors withdraw, the remaining b/tsDMARDs 
may face little competition, potentially increasing costs 
[33]. Reduced competition can also impact pharmacies, 
resulting in supply instability [35]. Furthermore, if the 
tender-winning pharmaceutical company cannot supply 
as agreed, other companies that did not win the tender 
may not serve as backup suppliers, affecting patient treat-
ment availability [35].

The NHPT is now addressing these potential concerns 
by considering establishing lower-end cost limits to pre-
vent too low b/tsDMARDs costs. The NHPT has also 
implemented risk-distributing strategies to ensure better 
availability. For the risk distribution, NHPT recommends 
different b/tsDMARDs with the same bioequivalence 
for different geographical areas in Norway, e.g., inflixi-
mab SB2 (Flixabi®) and infliximab GP1111 (Zessly®) in 
2020 and adalimumab SB5 (Imaraldi®) and adalimumab 
GP2017 (Hyrimoz®) in 2022.

The issue concerning confidentiality is an additional 
potential pitfall. Confidential offers allow pharmaceu-
tical companies to give high offers without disclosing 
the information to other buyers (e.g., countries) [36]. 
Releasing these offers can result in mistrust between the 
pharmaceutical companies and the governing body pur-
chasing the medications, leading to delays in the supply 
of known and novel drugs. Data release of pharmaceu-
tical tender offers has occurred three times in Norway 
[37]. That said, pharmaceutical companies maintain mar-
ket control by keeping the offers secret, benefiting while 
having the wiggle room to sell medications at high prices 
in each country without the other countries knowing 
about it [36]. In turn, the buyers have reduced autonomy 
as they are still bound to acquire essential medication for 
their region or nation on the pharmaceutical company’s 
premises [38].

There are several limitations to this study. Firstly, it is a 
cross-sectional study with no statistical assessment, only 
interpretations of descriptive data. Our findings reflect 
population-level trends rather than individual patient 
trajectories. While this approach may help understand 
broad patterns and associations, it may overlook indi-
vidual differences in treatment responses and disease 
progression, which could provide more nuanced insights 
into the impact of Norway’s pharmaceutical tendering 
system on RA treatment patterns. Also, as a cross-sec-
tional study, specific trends in change and order of b/
tsDMARDs among non-naïve users are unknown. Lon-
gitudinal studies may provide more detailed insights into 
these aspects in the future.

In accordance with the national arthritis registry 
(NorArtritt) [39], which has cross-validated data with the 
Norwegian Patient Registry [40], data from our included 
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centers demonstrates a comparable number of included 
RA patients and a similar b/tsDMARD treatment ratio.

Although our study’s external validity is comparable to 
that of NorArtritt, both our study and the NorArtritt reg-
istry only cover about 60% of the national RA population 
(2019 NorArtritt report) [39]. As a result, our study does 
not represent the entire demographic of RA patients and 
b/tsDMARD RA users in Norway, especially since some 
centers do not use or have only recently implemented the 
GTI system. As such, the increase in the patient popula-
tion during our study period is more likely due to inclu-
sion quantity registrations rather than due to an increase 
in the incidence of RA. In fact, there seems to be a 
decreasing trend in the incidence of RA [41]. This high-
lights the difficulty in interpreting trends in observational 
data and that it should be done cautiously. Despite these 
limitations, we believe our study has acceptable external 
validity and provides valuable, real-world insights into 
the use of b/tsDMARDs in Norway and how this usage 
may align with the national tender system.

An in-depth assessment of each drug from each 
center is not provided. The regional depot was also not 
accounted for, or the regional b/tsDMARD propor-
tion. The geographical aspect also presents a challenge 
as there is a much longer travel time for RA patients in 
northern Norway compared to centralized areas like 
Bergen and Oslo. The impact of these geographical dif-
ferences on treatment selection, especially the difference 
between decentralized and centralized areas based on iv 
vs. sc treatment, was not evaluated.

An additional potential limitation is our assumption 
that all patients receive their prescribed medication 
throughout the year. Given the design of our study, we 
used the most recent data entry from each year, leaving 
it unclear if a patient discontinued the drug during the 
year and the precise start date of treatment. Also, while 
all centers are expected to follow a standardized patient 
monitoring process, the reality of clinical practice often 
deviates from this standard due to various factors, e.g., 
doctors’ clinical decisions, logistical constraints, and 
practical implementation barriers. Disparities in data, 
as evidenced by missing data, reflect these complexities 
and the challenges of achieving uniform structured data 
collection across all centers. Lastly, while the highest and 
second highest proportions were outlined and presented 
as core elements of tendering being impactful, there were 
some cases where the difference between the second 
highest and the third highest proportion was only a few 
percentages apart.

The study also has multiple strengths. It is a unique 
study exploring the proportion of 13 different b/tsD-
MARDs across ten years, providing an overview of cur-
rent, naïve and non-naïve b/tsDMARD users using 

real-life data from ten rheumatological outpatient clin-
ics in Norway. It distinguishes between sc/po and iv b/
tsDMARDs and between biosimilars and non-biosim-
ilars b/tsDMARDs. Visual interpretation of the tender 
ranks compared with the proportion of the different user 
groups is also provided. To our awareness, this is the first 
study providing such a thorough assessment of b/tsD-
MARD tendering in Norway.

Conclusion
The study’s observative finding of the pharmaceutical 
tendering process from 2010 to 2019 reveals a possible 
link between tendering outcomes and the use of b/tsD-
MARDs among various patient groups. According to the 
data, winning the tender appears to have an impact on b/
tsDMARD usage in naive users and non-naive users and 
a less pronounced impact on current users. While this 
was a general observation taken from multiple annual 
tenders, sc/po b/tsDMARDs were generally favored over 
iv b/tsDMARDs despite higher-ranked offers for the iv b/
tsDMARDs. These interpretations, however, are based 
on observed descriptions.

We also observed that the current b/tsDMARD pro-
portion for several drugs remained high despite a rela-
tively low ranking. This observation may be explained 
based on the “do not switch from a winning team” prin-
ciple but also due to the lack of available data or recom-
mendations to promote a cost-beneficial non-medical 
switch between b/tsDMARDs with different substances.

Building a solid market foundation appears to be an 
effective strategy for resisting proportion decrease when 
the necessary offers are not cost-effective for the individ-
ual pharmaceutical company. The foundation for some b/
tsDMARDs, e.g., etanercept reference, was built prior to 
initial tendering resulting in a clear advantage. However, 
the dynamic between etanercept reference and its bio-
similar etanercept SB4 is also a great example of how a 
solid foundation can be challenged and disrupted upon 
the introduction of corresponding biosimilars.

The pharmaceutical tender system implemented in 
Norway appears to favor the pharmaceutical company 
that provides a good offer by increasing their b/tsD-
MARD proportion among naïve and non-naïve users. 
Biosimilars contributed substantially to the competi-
tion by likely increasing market proportion.
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