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ABSTRACT ARTICLE HISTORY
Background: This study aims to quantify medication costs in juvenile idiopathic arthritis (JIA), based on Received 17 September
subtype. 2020

Research design and methods: This study is a single-center, retrospective analysis of prospective data Accepted 25 November
from electronic medical records of JIA patients, aged 0-18 years between 1 April 2011 and 2020

31 March 2019. Patient characteristics (age, gender, subtype) and medication use were extracted. KEYWORDS
Medication use and costs were reported as: 1) mean total annual costs; 2) between-patient hetero- Health care costs; health

geneity in these costs; 3) duration of medication use; and, 4) costs over the treatment course. resources; juvenile
Results: The analysis included 691 patients. Mean total medication costs were €2,103/patient/year, idiopathic arthritis;
including €1,930/patient/year (91.8%) spent on biologicals. Costs varied considerably between sub- treatment costs

types, with polyarticular rheumatoid-factor positive and systemic JIA patients having the highest mean
costs (€5,020/patient/year and €4,790/patient/year, respectively). Mean annual medication costs over
the patient’s treatment course ranged from <€1,000/year (71.1% of patients) to >€11,000/year (2.5% of
patients). Etanercept and adalimumab were the most commonly used biologicals. Cost fluctuations over
the treatment course were primarily attributable to biological use.

Conclusions: Polyarticular rheumatoid-factor positive and systemic JIA patients had the highest mean
total annual medication costs, primarily attributable to biologicals. Costs varied considerably between
subtypes, individuals, and over the treatment course.

1. Introduction medicines are however 20 up to almost 500 times as expen-

Juvenile idiopathic arthritis (JIA) is the most common chronic ~ Sive compared to conventional medicines like methotrexate
rheumatologic disorder in childhood’, affecting approximately ~ (MTX) [14]. Despite the higher costs attributed to these med-
1in 1,000 children [1,2]. JIA is characterized by pain, stiffness, ications, a more effective disease control may decrease other
joint damage, growth abnormalities and (long-term) func- treatment-related costs (e.g. fewer consultations with pediatric
tional impairment, and consequently, a lower quality of life rheumatologists or physiotherapists, or fewer hospitalizations).
[3-6]. To minimize the (long-term) impact of JIA, early recog- In addition, it may decrease the (long-term) burden of JIA to

nition and adequate treatment is crucial [7]. society in terms of missed school or work days by patients,
Treatment of JIA consists of pharmaceutical treatment, Parents and/or caregivers [15,16].
combined with physica| therapy, occupationa| therapy’ and Based on clinical and |ab0rat0ry features, the International

psychosocial support [8-10]. Previous studies have shown League of Associations for Rheumatology (ILAR) classification dis-
that medication use contributes to approximately half of the tinguished seven subtypes of JIA [17]. These subtypes differ in
total cost of managing JIA [11-13]. The development of bio- terms of treatment prescribed, as well as in disease severity,
logical disease-modifying anti-rheumatic drugs (DMARDs), in  response to treatment and prognosis [17-19]. In addition, signifi-
particular, has increased treatment opportunities in JIA. These ~cant variation has been reported among patients of the same
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subtype [20,21]. Beside this patient-level heterogeneity, previous
research found that early, aggressive treatment with biologicals
was more effective in lowering disease activity compared to con-
servative delayed treatment [22], and that treat-to-target
approaches proved to be superior to routine care in reaching
remission [23,24]. All in all, these findings highlight the need for
personalized treatment strategies in JIA [25].

Such personalized treatment strategies will inevitably lead
to differences in medication use between patients, as well as
in differences in terms of health outcomes and costs.
Quantifying patient-level variations in current medication use
and the accompanying costs therefore is a crucial first step in
determining the potential impact of these personalized treat-
ment strategies. However, the majority of studies that investi-
gated medication costs of JIA either focussed on one specific
JIA subtype, did not distinguish between JIA subtypes, or did
not consider costs on the individual patient level [26].
Therefore, the current study aims to quantify the total costs
of medication use, as well as the costs of JIA-related medica-
tion use in particular (i.e. immune modulating medication), for
all JIA patients and depending on subtype, by means of 1)
quantifying the mean total annual costs of medication use, 2)
provide insights in between-patient heterogeneity in costs of
JIA-related medication use, 3) investigate the duration of use
of JIA-related medication, and 4) investigate costs of JIA-
related medication over the patient’s treatment course.

2. Methods
2.1. Data sources

This study was a retrospective analysis of prospective data
extracted from electronic medical records from the
Wilhelmina Children’s Hospital (Utrecht, the Netherlands),
using a previously developed research data platform [27].
Patients with a diagnosis of JIA and treated in the
Wilhelmina Children’s Hospital between 1 April 2011 and
31 March 2019 were included. Data on medication use within
this time period were extracted from this platform using
a unique, de-identified patient number. As treatment guide-
lines in JIA have changed quickly with the increasing avail-
ability of biologicals and because the availability of data in
electronic form after 1 April 2011, this date was chosen as
starting date of the analysis. As this study focuses on children,
from patients who turned 18 before 31 March 2019 only data
up until the patient’s 18™ birthday was included.

2.2. Data selection and extraction

Exclusion criteria involved: patients turning 18 years of age
before 1 April 2011; patients diagnosed with idiopathic uveitis;
patients not primarily treated in the Wilhelmina Children’s
Hospital (e.g. second opinion only); patients with major comor-
bidities besides their JIA (such as inflammatory bowel disease);
patients who received treatment as part of a pharmaceutical trial
which they would not have received outside the trial setting;
patients with a follow-up of less than 1 year. Patients who were
lost to follow-up, for example because they continued treatment
in another hospital, were included until that point in time. None

of the patients included in the database died during follow-up.
Resource use and costs were included up to 10 years after JIA
diagnosis. As some types of biologicals were prescribed to small
numbers of patients, the biologicals that were prescribed to
fewer than five patients were reported as such (instead of men-
tioning the exact number), to prevent results from being traced
back to individual patients.

2.3. Medication use and costs

Data on medication use and accompanying costs were quan-
tified from a payer’s perspective. All medication use (including
type, dosage, and frequency and mode of administration) was
derived from the data extracted from the hospital pharmacy.
The associated drug prices were obtained from Dutch phar-
maceutical list prices [14] in 2019 Euros, regardless of the year
in which they were prescribed. Daily cost of medication use
per patient were calculated by multiplying the frequency and
dosage used in each individual patient with its unit price. All
daily cost accounted for fluctuations in medication dosage
and/or frequency over the patient’s treatment course (for
example for biologicals). When medicines were taken or admi-
nistered at regular intervals (for example bi-weekly injections
with biologicals), the costs per administration were equally
distributed over this interval and expressed as costs per day.

All medication prescribed during the inclusion period
which was assumed to be either directly or indirectly attribu-
table to JIA was included in the initial analysis to estimate the
overall impact of JIA on medication use. In case of uncertainty,
this was decided in consultation with a pediatric rheumatolo-
gist. For the in depth analyses, we excluded medication clas-
sified as ‘other medication’ that is exclusively used to treat
symptoms associated with JIA since a substantial part of this
medication is not primarily aimed at achieving clinically inac-
tive disease, but instead at alleviating pain (e.g. ibuprofen),
treating side effects of JIA-related medication (e.g. MTX-
related nausea), or to treat (potential) complications of JIA
(e.g. eye drops for uveitis). So this study focuses on medication
which is aimed at achieving clinically inactive disease (i.e.
immune modulating medication), including biological
DMARDs (i.e. biologicals), non-biological DMARDs, intra-
articular injections, and steroids. These medications will be
referred to as JIA-related medication in the remainder of this
manuscript. Although some of this JIA-related medication may
also be prescribed to treat uveitis (as complication of the
patient’s JIA), or to treat both uveitis and joint inflammation,
these medicines were included in the analysis regardless of
their indication for use. A detailed overview of all assumptions
made with regard to resource use and cost estimates, as well
as the unit prices used for JIA-related medication is provided
in the Electronic Supplementary Material.

2.4. Analysis

Patients were classified into JIA subtype according to the ILAR
criteria [17]. As persistent oligoarticular JIA was the most
common subtype, and because the risk of developing JIA-
related uveitis depends on a patient’s antinuclear antibody
(ANA) status [28], this subtype was further subdivided into
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Table 1. Characteristics of patients included in the analysis, reported separately for all patients and for patients who received a biological during the period of

follow-up in this study.

Number of patients, n (%)

Age at JIA diagnosis in years, median (IQR)
Duration of follow-up in years, median (IQR)
Gender, n (%)

Male

JIA subtype, n (%)

Oligoarticular persistent JIA

ANA+

ANA-

Polyarticular JIA

RF-

RF+

Extended oligoarticular JIA

Enthesitis related JIA

Systemic JIA

Psoriatic arthritis

Undifferentiated JIA

All patients Users of biologicals during this study
691 (100.0%) 211 (30.5%)
8.0 (4.0-12.6) 9.0 (4.6-13.5)

4.9 (2.8-7.0) 4.7 (2.8-6.9)

244 (35.3%) 82 (38.9%)
294 (42.5%)
147 (21.3%)
147 (21.3%)
175 (25.3%)
144 (20.8%)

40 (19.0%)
22 (10.4%)
18 (8.5%)
73 (34.6%)
53 (25.1%)

31 (4.5%) 20 (9.5%)
70 (10.1%) 29 (13.7%)
59 (8.5%) 23 (10.9%)
57 (8.2%) 34 (16.1%)
29 (4.2%) 12 (5.7%)
7 (1.0%) 0 (0.0%)

ANA = antinuclear antibody; IQR = interquartile range; JIA = juvenile idiopathic arthritis; RF = rheumatoid factor

ANA- oligoarthritis and ANA+ oligoarthritis. The duration of
medication use and accompanying costs were calculated for
all JIA patients in general and by JIA subtype.

The date of JIA diagnosis was set as starting point of the
analysis, resulting in a different duration of follow-up
between patients, as well as a different part of the patient’s
treatment course that is captured. In other words, for
a patient diagnosed in March 2017, the data collected
between 1 April 2011 and 31 March 2019 will only capture
the first 2 years after JIA diagnosis, whereas for other
patients, only a period of inactive disease may have been
captured. Therefore, the duration of medication use and
accompanying costs were expressed as days/patient/year
and costs/patient/year, respectively, instead of as the total
duration and total costs per patient. For the analysis of the
mean duration of biological use per year, only patients who
received a biological during their follow-up period were
included. For each of these patients, the first month at
which a biological was prescribed was used as a starting
point of the analysis. In other words, in this analysis, the
time period from JIA onset to the first time a biological was
prescribed was excluded.

Since part of the variation observed between patients was
attributable to the part of the treatment course that was
captured in the database, reporting 95% confidence intervals
would not have been of added value. Therefore, patient-level
variations in costs were visualized using histograms. All ana-
lyses were performed using R (version 3.5.3), and the packages
dplyr, ggforce, ggplot2, lubridate and plotrix [29-34].

3. Results

There were 969 patients in the database of which 691 patients
fulfilled the inclusion criteria, as described in Figure S1 of the
Electronic Supplementary Material. Of these 691 patients, 211
(30.5%) received a biological at some point in time during the
period of follow-up captured in the current analysis. The med-
ian age at JIA diagnosis was 8.0 years for all patients and
9.0 years for biological users, respectively. The median dura-
tion of follow-up of was 4.9 and 4.7 years (Table 1).

3.1. Mean total annual costs of medication use in JIA

The total mean costs of medication use among all JIA patients
was €2,103/patient/year. Of these costs, €1,930/patient/year
was attributable to biologicals (i.e. 91.8%), €97/patient/year
to non-biological DMARDs, intra-articular injections and ster-
oids (i.e. 4.6%), and €76/patient/year to other medication (i.e.
3.6%). As mentioned previously, the costs for other medica-
tions were excluded from the analysis.

In Table 2, mean total medication costs per patient per year are
shown for all JIA patients in general and depending on subtype.
The mean total annual costs per patient were the highest in
patients with polyarticular RF+ JIA (i.e. €5,020/patient/year), fol-
lowed by patients with systemic JIA (i.e. €4,790/patient/year).
When multiplying these costs with the number of patients in
each JIA subgroup, the subgroup to which (overall) most medica-
tion costs were spent involved patients with polyarticular RF- JIA
(20.8% of all JIA patients, 25.5% of total expenditures).

When considering costs of JlIA-related medication (but
excluding biologicals), €66/patient/year was spent on MTX,
€26/patient/year on DMARDs other than MTX (including
hydroxychloroquine, leflunomide, sulfasalazine, mycophenolic
acid, and tofacitinib), €3/patient/year on steroids, and €2/
patient/year on intra-articular injections. The three JIA sub-
groups with the highest mean annual costs when excluding
biologicals were extended oligoarticular JIA, polyarticular RF+
JIA, and polyarticular RF- JIA.

Of all medication costs in JIA, 91.8% was attributable to
biologicals, which were used by 211 patients (i.e. 30.5%) of all
patients included in the database. Costs of biologicals were
analyzed in more detail in Table 3. The highest mean annual
costs of biological use were observed in patients with poly-
articular RF+ JIA (i.e. €4,788/patient/year) and systemic JIA (i.e.
€4,725/patient/year). Of all costs for biologicals, most costs
were spent on adalimumab (40.2%) and etanercept (27.4%),
which were used by 108 and 101 patients, respectively.
Canakinumab came in third place, with 13.4% of total expen-
ditures on biologicals, but these costs were skewed as these
were attributable to a small number of systemic JIA patients
(i.e. <5).
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Table 2. Heat map showing an overview of mean total annual costs of medication per patient for all JIA patients and specified per subtype.

mean annual costs of all medication per patient, specified per type of medication (%)
n | Meanannual costs | (min—maxper | Costof Costs of Costs of Costs of intra- | Costs of Costs of other
(% of cost overall) patient) biologicals DMARDS - DMARDS - articular steroids medication
MTX other than injections
MTX
All patients 691 €2,103.00 | (€0-€160,278) €1,930.07 €65.67 €26.32 €76.03
(100.0%) (91.8%) (3.1%) (1.3%) (3.6%)
Polyarticular RF+ JIA 31 (€0-€45,112) €100.14 €77.70 €7.73 €46.07
(2.0%) (1.5%) (0.2%) (0.9%)
Systemic JIA 57 (€0-€160,278) €933 €5.59 €46.85
(0.2%) (0.1%) (1.0%)
Psoriatic arthritis 29 €3,300.23 (€0-€24,609) €3,158.04 €78.45 €58.31
(6.6%) (95.7%) (2.4%) (1.8%)
Extended oligoarticular 70 €2,722.78 (€0-€18,531) €2,426.13 €111.98 €57.01 €122.58
JIA (13.1%) (89.1%) (4.1%) (2.1%) (4.5%)
Enthesitis related JIA 59 €2,606.36 (€0-€23,844) €2,495.16 €51.19 €13.63 €44.84
(10.5%) (95.7%) (2.0%) (0.5%) (1.7%)
Polyarticular RF-JIA 144 €2,588.91 (€0-€16,176) €2,363.40 €101.56 €33.12 €84.47
(25.5%) (91.3%) (3.9%) (1.3%) (3.3%)
Oligoarticular ANA+ JIA 147 €893.04 (€0-€14,739) €702.50 €60.89 €26.38 €95.62
(9.0%) (78.7%) (6.8%) (3.0%) (10.7%)
Oligoarticular ANA-JIA 147 €587.85 (€0-€18,798) €475.10 €36.87 €15.95 €56.92
(5.9%) (80.8%) (6.3%) (2.7%) (9.7%)
Undifferentiated JIA 7 (€0-€140) €23.00
(92.0%)

From left to right, this table describes the number of patients; the mean annual costs per patient with the percentage of costs which is attributable to each of these
subgroups in this database; the minimum and maximum mean annual costs per patient; as well as an overview of mean annual costs per patient when specified
according to type of medication with the percentage of costs that are attributable to each type of medication.

ANA = antinuclear antibody; DMARDs = disease-modifying anti-rheumatic drugs; JIA = juvenile idiopathic arthritis; MTX = methotrexate, RF = rheumatoid factor.

Table 3. Heat map showing an overview of mean annual total costs of biologicals per patient, among users only, for all JIA patients and specified per subtype.

‘Mean annual total costs of biologicals per patient (among biological users), specified per type of biological, % (n)
_ anti-
'§' Anti-IL1 Anti-IL6 Anti-IL23 Anti-TNFa CTLA-4 CD20
& s > A 5 . R
| H 2| 2| 5| ¢ % i 2 s | 5| 5| 4
£ H g g 5 2 2 g H g g g 3 g
] = £ ] 2 g = 3 E 2 £ 8 8 E
a e T -] g £ £ g = = & ® s 3
= 8 & g g 8 3 ° k] S £ k] b £
€1,930.07 €258.96 €111.30 | €146.50 €21.66 €15.51 €529.51 €775.29 €42.91 €22.40
All biological users 100.0% 13.4% 5.8% 7.6% 1.1% 0.8% 27.4% 40.2% 2.2% 1.2%
(n=211) (n<5) (n=31) (n=18) (n=9) (n<5) (n=101) (n =108) (n=10) (n<5)
- - | €875.62 | €448.18 | €15.50 - €724.81 | €439.57 - €70.84
Polyarticular RF+ JIA 18.3% 9.4% 0.3% 15.1% 9.2% 1.5%
(n<5) | (n<s) | (n<5) (n=10) | (n<5) (n<5)
€1,136.38 | €796.05 €15.51 - €57.65 €75.89 - -
Systemic JIA 24.0% 16.8% 0.3% 1.2% 1.6%
(n=31)| (n=7)| (n<5) (n<5) (n<5)
€3,158.04 - - - €393.17 €784.40 | €1,866.71 €35.17 €57.15 | €21.44
Psoriatic arthritis 100.0% 12.4% 24.8% 59.1% 1.1% 1.8% 0.7%
(n=12) (n<s) (n=6) n=7)| (<5 | (<5 | (<5
€2,495.16 €62.33 €741.71 | €1,691.13 - -
Enthesitis related JIA 100.0% 2.5% 29.7% 67.8%
(n=23) (n<5) (n=9) | (n=18)
Extended oligoarticular €2,426.13 €26.71 - | €1,275.30 | €1,060.79 €51.58
A 100.0% 1.1% 52.6% 43.7% 2.1%
(n=29) (n<5) (n=22) | (n=14)| (n<5)
€2,363.40 - | €147.99 €836.27 | €1,225.34 €73.60
Polyarticular RF- JIA 100.0% 6.3% 35.4% 51.8% 3.1%
(n=53) (n<5) (n=34) | (n=29)| (n<5)
€702.50 - €142.08 €529.94
Oligoarticular ANA+ JIA 100.0% 20.2% 75.4%
(n=22) (n=7)| (n=18)
€475.10 €104.05 €339.15 €23.10
Oligoarticular ANA- JIA 100.0% 21.9% 71.4% 4.9%
n =18 (n=9) (n=11) (n<5)

From left to right, this table describes the number of patients; the mean annual costs per patient; the mean annual costs per patient when specified according to type of
biological, including the percentage of costs that are attributable to each type of biological and the number of patients that used each type of biological. All biologicals
prescribed to fewer than 5 patients were reported as ‘<5’ (instead of reporting the exact number), to prevent that results can be traced back to individual patients.

ANA = antinuclear antibody; CTLA-4 = cytotoxic T-lymphocyte-associated protein 4;

DMARDs = disease-modifying anti-rheumatic drugs; IL = interleukin; JIA = juvenile

idiopathic arthritis; MTX = methotrexate, RF = rheumatoid factor, TNFa = tumor necrosis factor alpha.

3.2. Between-patient heterogeneity in medication costs
As Tables 2 and 3 do not represent differences in costs on an
individual patient-level, this patient-level heterogeneity in
mean annual total costs of JIA-related medication was visua-
lized in a histogram, showing a strongly right skewed distribu-
tion (Figure 1). More specifically, in 491 out of 691 patients (i.e.
71.1%) the mean annual total costs of JIA-related medication
ranged between €0 and €1,000 over their episode of follow-
up, with 187 patients (i.e. 27.1%) having no costs of medica-
tion within their episode of follow-up. In addition, 17 patients

had mean annual costs of €11,000 or higher. Four of these
patients were however out of range in this figure, which
included patients with systemic JIA or polyarticular RF+ JIA,
in which these high costs were attributable to treatment with
canakinumab, tocilizumab (intravenous), golimumab, and ada-
limumab. Note that these analyses present mean annual costs
on an individual patient-level, not accounting for the duration
of follow-up. As shown in Figures S2 a-i of the Electronic
Supplementary Material, similar right-skewed distributions
were observed regardless of JIA subtype.
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Distribution of mean yearly costs of JIA-related medication per patient
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Figure 1. Distribution of mean total annual costs of JIA-related medication per patient (including biologicals, non-biological DMARDs, intra-articular
injections, and steroids), regardless of JIA subtype. In this figure, 4 patients were excluded because they were out of range in this figure. These involved patients
with systemic JIA or polyarticular RF+ JIA. DMARDs = disease-modifying anti-rheumatic drugs; JIA = juvenile idiopathic arthritis, RF = rheumatoid factor.
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Figure 2. Mean annual number of days non-biological DMARDs and steroids. This figure represents the mean annual number of days of non-biological DMARD
use (divided into MTX and other DMARDs) and systemic steroids among all JIA patients during the entire follow-up period, specified per JIA subtype.
ANA = antinuclear antibody; DMARDs = disease-modifying anti-rheumatic drug; Enth.r. = enthesitis-related; Ext. = extended; JIA = juvenile idiopathic arthritis;
MTX = methotrexate, Oligo. = oligoarticular; Poly. = polyarticular; Psor. arthr = psoriatic arthritis; RF = rheumatoid factor; Syst. = systemic; und. = undifferentiated.

3.3. Duration of medication use

When considering the duration of use of non-biologic
DMARDs and steroids over the entire follow-up episode of all
691 patients, patients with polyarticular RF+ JIA, on average,
received these drugs for most days per year (Figure 2). More
specifically, this figure indicates that, on average, patients with

polyarticular RF+ JIA received MTX for 201 days per year, other
DMARDs for 50 days per year, and steroids for 18 days
per year. As intra-articular injections involve single-day treat-
ments, these were excluded from this figure.

When only considering the subgroup of patients who were
prescribed a biological during their follow-up period (n = 211),
patients with oligoarticular ANA+ JIA were found to receive,
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Figure 3. Mean days of biological use per year among users. This figure represents the mean days of biological use per year among JIA patients who were
prescribed a biological during the follow-up period n = 211), specified per subtype. The first month in which a biological was prescribed was used as starting point
of the analysis for each individual patient. ANA = antinuclear antibody; CTLA-4 = cytotoxic T-lymphocyte-associated protein 4; Enth.r. = enthesitis-related;
Ext. = extended; IL = interleukin; JIA = juvenile idiopathic arthritis; Oligo. = oligoarticular; Poly. = polyarticular; Psor. arthr = psoriatic arthritis; RF = rheumatoid

factor; Syst. = systemic; TNF = tumor necrosis factor; und. = undifferentiated.

on average, a biological for the highest number of days (i.e.
346 days/year) (Figure 3). In contrast, systemic JIA patients
received on average the fewest days of biologicals (i.e.
150 days/year), apart from the 7 patients with undifferentiated
JIA who did not receive biologicals at all. This figure also
illustrates that Tumor Necrosis Factor (TNF) alfa inhibitors
were the class of biological prescribed for the majority of
time (especially etanercept and adalimumab), regardless of
JIA subtype, except for patients with systemic JIA. Anakinra
and canakinumab were however exclusively prescribed to
systemic JIA patients.

3.4. Medication costs over the patient’s treatment
course

As costs for JIA-related medication use likely fluctuate over the
course of JIA treatment, Figure 4 shows the mean monthly
costs of medication over the 10-year follow-up period. Each
point in the graph represents the mean monthly costs per
patient, when taking the mean over the patients for which
data are available for each of the 120 months of follow-up
(with ‘0’ representing the moment of JIA diagnosis). This figure
indicates that costs of JIA-related medication use increased
after JIA diagnosis and peaked after approximately 25 months
of follow-up. A second (although lower) peak was observed
around 100 months of follow-up. To get insight about the
extent to which these fluctuations in costs over time were
attributable to the different types of medication, these mean

monthly costs per patient were plotted for each type of med-
ication separately (Figures S3a-q of the Electronic
Supplementary Material). This indicates that the peak at
approximately 25 months in Figure 4 was mainly attributable
to the use of canakinumab, whereas the peak at approxi-
mately 100 months was mainly attributable to adalimumab.
In addition, Figure S3b of the Electronic Supplementary
Material shows that anakinra was often prescribed as first-
line treatment (among patients with systemic JIA), and that
its use decreased strongly over a time period of approximately
20 months.

4. Discussion

Overall, the highest mean annual costs of medication were
observed in patients with polyarticular RF+ JIA, although
major variation was observed between JIA subtypes and
between individual patients. MTX was the most commonly
used medicine, but the great majority of costs was attributable
to the use of biologicals, in particular etanercept and adali-
mumab. These were also the biologicals which were pre-
scribed for the highest number of days per year. In systemic
JIA patients however, canakinumab and anakinra were the
main cost drivers. Although canakinumab was only prescribed
to <5 patients (as compared to 31 patients who received
anakinra), the daily costs of canakinumab were approximately
12 times higher compared with anakinra (i.e. €428/day vs. €35/
day), resulting in higher mean annual costs.
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Mean monthly costs of JIA-related medication per patient
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Figure 4. Overview of mean monthly costs of JIA-related medication per patient over the course of follow-up. Each point represents the mean costs of JIA-
related medication for the set of patients of which data is available during each of the 120 months. ‘0’ represents the moment of JIA diagnosis. ‘n’ represents the

number of patients included at the different months of follow-up.

When only considering patients from the moment at
which a biological was prescribed onwards, patients with
oligoarticular ANA+ JIA and polyarticular RF+ JIA were
found to have the highest mean annual duration of biologi-
cal use. However, as biologicals are currently not registered
for oligoarticular ANA+ JIA, the high duration of biological
use in this subgroup (n = 22) is likely attributable to treating
JIA-related uveitis, as this JIA subgroup has the highest risk of
developing uveitis [28]. When considering this subgroup in
detail it is observed that the mean duration of follow-up is
4.8 years, of which they receive a biological for on average
2.2 years. In addition, when biologicals are used to treat
uveitis, a relatively long duration of remission is required
before tapering is considered as compared to tapering deci-
sions in JIA. This also explains why the costs of biologicals
(over the entire follow-up period) are relatively low in this
subgroup, although the duration of biologicals is the highest
among JIA subtypes.

Although it may be expected that the mean total costs of
JIA-related medication would decrease over the course of fol-
low-up, attributable to the increasing number of patients who
reach clinically inactive disease, this is not confirmed in the
current analysis. More specifically, results indicate that these
costs vary over the course of follow-up. This variation is mainly
attributable to fluctuations in the number of patients using
costly biologicals (mainly adalimumab and canakinumab).
Anakinra was the only medicine in which a strong decrease in
costs was observed over the first 20 months after JIA diagnosis,
likely due to the strict tapering regime starting 3 months after
start anakinra which is applied in the Netherlands [35].

The current analysis used fixed cost prices (i.e. 2019 Euros),
implying that we did not account for price differences over

time, for example due to the introduction of biosimilars as an
alternative to biologicals, or due to discounts attributable to
price  negotiations  with  pharmaceutical companies.
Incorporating these price fluctuations was not possible
because the moment of JIA diagnosis served as starting
point for the analysis. To illustrate this, patients were consid-
ered in their first year of follow-up in the year following their
diagnosis of JIA, regardless of whether this diagnosis was
established in (for example) 2012 or 2017. In addition, as the
availability and use of biologicals has increased strongly over
the past decades (i.e. from 5% in 2003, to 10% in 2006 and
31% in the current study [11]), it was decided to limit the
follow-up to 10 years after JIA diagnosis. This maximizes the
likelihood that patients in the same year of follow-up are
comparable in terms of the availability of biologicals (and
other treatment options) during their disease course.

4.1. Strengths

This study is unique as it reports a patient-level analysis of
costs of (JIA-related) medication in a large database, distin-
guished according to subtype of JIA, and over a patient’s
treatment course. Although costs of medication use in JIA
patients have been investigated extensively [12,13,16,36-41],
most of these studies either focus on one specific type of
medication (or one specific biological), they do not distinguish
between JIA subtypes, nor do they investigate changes in
medication costs over the course of treatment.

In addition, as the current study includes patients based on
a diagnosis of JIA, regardless of their current disease state, this
study provides an accurate representation of the mean med-
ication costs of the entire population of JIA patients. This likely
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also explains why a recent study reported higher annual med-
ication costs in JIA patients in five different countries [16].
However, similar to the findings in the current study, another
study reported that costs vary strongly between patients with
active disease and patients in remission (i.e. €5,681/patient/
year vs. €782/patient/year) [42]. Therefore, the cost benefits of
a patient being in remission, which is likely attributable to the
use of adequate medication, are captured in the current
analysis.

An illustration of how inactive disease is captured in the
current database is observed in the subgroup of patients
with systemic JIA. More specifically, the relatively high
annual costs of biologicals in this subgroup are explained
by the rare use of canakinumab (costing €12,000 per injec-
tion), as well as by the use of anakinra as first-line treatment
in systemic JIA instead of MTX. A study by the Utrecht
group has shown excellent responses to anakinra as first-
line treatment in systemic JIA [43]. This treatment strategy
has therefore been incorporated in current Dutch treatment
guidelines. Furthermore, this study reported that in the
majority of responding patients, treatment with anakinra
could be stopped within 1 year, with remission being pre-
served during follow-up [43]. This remission is observed in
the current analysis by the strong decrease in the use (and
accompanying costs) of anakinra in the first 20 months
following JIA diagnosis. In turn, it also explains why sys-
temic JIA patients have the fewest number of days of
biological use per annum of all JIA subtypes.

4.2. Limitations

The impact of patents on prices of biologicals and its
potential accompanying impact on medication use could
not be captured. For example, after the patent expired
and biosimilars were approved, the price of the originator
adalimumab has been reduced up to 80% by the end of
2018. This could have resulted in more patients starting on
adalimumab then on etanercept for example. As the current
analysis only includes data until 1 April 2019, it is unlikely
that these developments affected the results reported in
this manuscript.

The costs of intra-articular injections as well as the
additional costs of biologicals which are administered
intravenously may have been underestimated, as the cur-
rent analysis only incorporates the costs of the medica-
tion itself, and do (for example) not incorporate the time
spent within a hospital, which often involves a daycare
admission and potentially even anesthesia for joint
injection.

Third, costs of medication use are based upon the medica-
tion prescribed by the treating physician and dispensed by the
hospital pharmacy, indicating that aspects like treatment com-
pliance could not be captured. Although compliance is likely
critical for treatment success, the current analysis aims to
quantify costs from a payer’'s perspective, indicating that
costs should be quantified in terms of medication dispensed
without accounting for the extent to which this medication is
actually used.

4.3. Generalizability of the results

The study was conducted as a single-center study, known to
be the largest JIA research center in the Netherlands. Results
are expected to be highly representative of current practice,
because patients participating in pharma-sponsored studies
were excluded.

However, as previously illustrated for anakinra, treatment
guidelines and (accompanying) reimbursement decisions dif-
fer strongly between countries or healthcare systems. The
findings of this study should therefore be interpreted in the
context of the Dutch healthcare system. As an example, in the
Netherlands, while the prescription of biologicals is not
restricted by regulations or protocols, the reimbursement is
restricted by scientific evidence for its use. In the end, if the
treating physician has strong scientific evidence for
a treatment or even a guideline that backs it up, one can
easily prescribe that biological off label and reimbursement
will follow. As a consequence, the generalizability of some of
the results of the current study may be limited to countries or
healthcare systems with comparable treatment guidelines,
especially with regard to biologicals. In addition, aspects like
waiting times prior to treatment initiation are, in contrast to
some other countries [44], not an issue in the Netherlands.

4.4. Implications for practice and future research

The current study provides insight in differences in the dura-
tion of medication use and accompanying costs depending on
JIA subtype. It reveals the between-patient heterogeneity in
these costs, as well as in fluctuations in costs over time. These
insights are likely of added value to clinicians as it facilitates
decisions regarding which medicine to prescribe to which
patient. In addition, the results of this study are likely of
added value to health technology assessment agencies as it
provides insight in medication costs (and fluctuations herein)
over the course of JIA treatment. In practice however, deci-
sions regarding which biological to start in which patient may
not only be affected by its expected effectiveness, but also by
financial agreements about prices of biologicals and/or biosi-
milars. Such agreements can be made between (individual)
hospitals and health insurance companies and likely differ
between countries and may thus affect the medication costs
as reported in this study.

In the current study, the impact of the different treatment
strategies in terms of treatment efficacy or health outcomes
has not been considered. Therefore, future studies should
examine whether quick and adequate treatment will (as
expected) lead to reaching clinically inactive disease faster,
and quantify the accompanying impact in terms of healthcare-
related resource use, costs and health outcomes. This would
inform whether biologicals should also be prescribed as first-
line therapy to other subgroups of JIA patients and not be
restricted to systemic JIA patients. This is currently investi-
gated in a multicenter, international collaborative project
named UCAN CAN-DU, which is the Canada-Netherlands
Personalized Medicine Network in Childhood Arthritis and
Rheumatic diseases.
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4.5. Conclusion

Patients with polyarticular RF+ and systemic JIA have on
average the highest mean total costs of medication, primarily
attributable to biologicals. Substantial between-patient het-
erogeneity in medication costs was found. MTX was by far
the most commonly used medicine, whereas adalimumab and
etanercept were the most commonly used biological.
Fluctuations in costs of medication use over time were primar-
ily attributable to variations in the number of patients receiv-
ing biologicals and their accompanying costs.
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