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Abstract

In recent years Janus kinase inhibitors (JAKi) have joined tumor necrosis factor inhibitors (TNFi) and interleukin (IL)-17
inhibitors (IL-17i) as approved disease modifying anti-rheumatic drugs (DMARD) for moderate to severe forms of axial
spondyloarthritis (axSpA). Drug survival in axSpA patients has not been well studied in a real-world outpatient scenario
since the approval of JAKi. We aimed to analyze the three drug classes based on modes of actions (MoA) for their per-
sistence rates among German axSpA outpatients. A retrospective analysis of the RHADAR database for axSpA patients
with a new initiation of TNFi, IL-17i, or JAKi treatment between January 2015 and October 2023 was conducted. Analy-
ses included Kaplan-Meier curves and adjusted Cox regressions for drug discontinuation. 1222 new biological DMARD
(TNFi [n=954], IL-17i [n=190]) or JAKi (n=78) treatments were reported. The median drug survival was 31 months
for TNFi, 25 for IL-17i, and 18 for JAKi. The corresponding 2-year drug survival rate was 79.6%, 72.6%, and 62.8% for
TNFi, IL-171, and JAKIi, respectively. The probability for discontinuation for JAKi was significantly higher compared with
TNFi (HR 1.91 [95% CI 1.22-2.99]) as well as for IL-17i compared with TNFi (HR 1.43 [95% CI 1.02-2.01]), possibly
related to more frequent use of TNFis as first-line therapy. IL-17i and JAKi discontinuation probabilities were similar.
Primary non-response was the reason for drug discontinuation in most cases across all MoA. TNFi treatment might persist
longer than JAKi and IL-17i in German axSpA outpatients, possibly related to more severe or refractory disease in patients
with JAKi-treated or IL-17i-treated axSpA.

Keywords Bechterew’s disease - Ankylosing spondylitis - Drug persistence - Kaplan-meier analysis - Upadacitinib -
Tofacitinib - Secukinumab - Ixekizumab - Adalimumab

Introduction

In addition to disease activity and treatment response mea-
sures, treatment persistence is another crucial factor when
considering and comparing treatment efficacy in axial spon-
dyloarthritis (axSpA), a rheumatic disease with the focus
on the axial skeleton [1-3]. In this context, the term “drug
survival” was introduced to depict the likelihood of patients

Extended author information available on the last page of the article

staying on a specific medication [2, 3]. Drug survival is thus
used as an approximation of the efficacy and safety of a drug
[2, 3].

Studying drug survival in a real-world scenario in outpa-
tient care distinct from specialized study centers is difficult
due to the challenge of collecting suitable and adequate data
[4]. New digital tools and smart databases can help with
collecting and evaluating patients’ data for study purposes,
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especially when the disease is seldom like axSpA. The
RHADAR network was founded to aggregate real-world
data on patients with rheumatic diseases [4]. It currently
consists of seven rheumatic practices and one outpatient
department of a hospital in Germany, specialized in rheu-
matology, that supply pseudonymized data for aggregation
into the RHADAR joint database [4].

In axSpA, treatment options with disease-modifying
antitheumatic drugs (DMARD) have evolved over the last
decade. Three drug classes with different modes of action
(MoA) have been approved for moderate to severe axSpA in
Europe and the USA as of February 2024, specifically tumor
necrosis factor alpha inhibitors (TNFi), interleukin (IL)-17
inhibitors (IL-171), and Janus kinase inhibitors (JAKi) [5,
6]. While drug survival of TNFi and IL-17i has been studied
intensively over the last decade, sufficient data for JAKi,
the drug class most recently approved, are still not widely
available [3, 7-11]. Similarly, the impact of orally avail-
able agents such as JAKi on real-world persistence with
bDMARD:s delivered by more invasive methods still needs
to be further studied in axSpA.

In this analysis, we aimed to assess the drug survival of
JAKi compared with bDMARDs (TNFi and IL-17i) among
German outpatients treated for axSpA under real-world
conditions.

Methods
Study design

Using the RHADAR database, a retrospective analysis
was performed for axSpA patients who initiated treatment
with a TNFi, IL-17i, or JAKi between January 15th 2015
and October 17th 2023. All approved IL-17i (ixekizumab,
secukinumab), TNFi (adalimumab, certolizumab, etaner-
cept, golimumab, and infliximab), and JAKi (tofacitinib and
upadacitinib) were clustered by MoA and included in the
analysis. Bimekizumab was not included in the analysis due
to the short period since its regulatory approval for axSpA
(June 7th 2023) [12]. Similar analyses on drug survival of
JAKi and different bDMARDS among German psoriatic
arthritis outpatients from the RHADAR database using the
same methodology have already been published elsewhere
[13].

Patients
Patients included in the analyses had a diagnosis of
axSpA as indicated by International Classification of Dis-

ease-10 (ICD-10) codes (German 2023 version) and had
previously given written informed consent to be included in
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the RHADAR database and to allow the use of their pseud-
onymized data for analyses. All patients were treated in out-
patient departments in Germany (i.e. seven rheumatologic
practices and one outpatient department of a rheumatologic
hospital). The treating rheumatologists assessed the relevant
demographic factors and axSpA activity parameters, includ-
ing Bath Ankylosing Spondylitis Disease Activity Index
(BASDALI, ranging from 0 to 10), Bath Ankylosing Spondy-
litis Functional Index (BASFI, range 0 to 10), Ankylosing
Spondylitis Disease Activity Score (ASDAS with a range
from 0 to >3.5), and laboratory parameters, during routine
clinical care [14].

Study size

A sample size calculation was not performed due to the
retrospective character of the study. Accordingly, the num-
ber of database entries determined the number of axSpA
patients available for the analysis.

Ethical approval

The patients gave written informed consent for pseudony-
mized Inclusion in RHADAR database and for analysis
of their data. The ethics committee of the Medical Faculty
of the University of Wuerzburg (DE/EKBY13) stated that
the study represents a retrospective data analysis of pseud-
onymzied data assessed in clinical routine care. Therefore,
ethical approval by German law is not required when the
publication of data is performed in anonymous form (Date
February 19th, 2024, No 20240122 03).

Statistical analysis

We performed a Kaplan-Meier (KM) analysis for compari-
son of the drug persistence of each MoA over 24 months,
similar to our previous work concerning PsA patients [13].
An event was defined as discontinuation of a bDMARD or
JAKi therapy. Demographic parameters, axSpA specific
disease parameters, combined medication, and comorbidi-
ties were used to characterize the overall and MoA-specific
patient populations. For sample characterization, the fol-
lowing descriptive measures were used: absolute and rela-
tive frequencies, means with standard deviation (SD), 95%
confidence intervals (CI) of the mean, and medians with
interquartile range (25th and 75th percentiles). If not stated
otherwise, mean (SD) values are reported.

To assess the influence of MoA on drug discontinuation
risk over time, we conducted Cox regression analysis with
the MoA exhibiting the longest drug persistence serving as
reference. Drug survival rates at month x were calculated by
the formula (n [at risk at month x) +n [cumulative censored
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Table 1 Patient characteristics at treatment initiation (N=1222)

Valid (n) Valid (%) Mean 95%CI (lower) 95%CI (upper) SD SEM Median 25% Quantile 75% Quantile
Gender (male) 668 54.7 NA NA NA NA NA NA NA NA
Gender (female) 554 453 NA NA NA NA NA NA NA NA
Age 1222 100.0 47.0 462 47.7 134 04 470 37.0 57.0
Disease duration (years) 1047 85.7 12.6 119 133 1.3 03 9.0 4.0 19.0
BASDAI 807 66.0 43 4.2 4.5 2.3 0.1 44 2.5 6.0
BASFI 595 48.7 36 34 3.8 27 01 32 1.3 5.7
ASDAS 421 34.5 25 24 2.6 09 00 25 1.8 3.1
ESR (mm/h) 637 52.1 18.6 17.3 20.0 175 0.7 120 8.0 24.0
CRP (mg/dl) 776 63.5 0.7 0.6 0.9 20 01 03 0.1 0.6
Pain (0-100) 368 30.1 41.7 3838 44.5 279 1.5 41.0 16.0 64.2
Morning stiffness (min) 342 28.0 704 514 89.3 178.6 9.7  30.0 16.2 60.0
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Fig. 1 Drug persistence in axSpA patients

at month x])+n [at risk at month 0]. The corresponding
model was adjusted for age, sex, and disease duration as
potential confounders. Hazard ratios (HRs) with corre-
sponding 95% Cls were reported for each MoA as well as
each covariate (age, gender, disease duration). Statistical
significance was set at p<0.05. Statistical analyses were
performed using R software (version 4.4.0) and RStudio
(version 2023.12.14+402) [15, 16]. For dichotomous vari-
able distribution analysis, 95% Cls, odds ratios (OR), and
chi-square tests were utilized. Prism Version 5 was utilized
for these analyses. Missing values were not imputed to
preserve the original data integrity. To evaluate treatment
response for discontinued therapies, BASDAI and ASDAS
changes from start of the discontinued therapy to the start of
the subsequent prescription were calculated.

Results
Study population
A new prescription for a b(DMARD or JAKi therapy was

reported for 1222 axSpA cases with additional patient char-
acteristics (668 males [54.7%] and 554 females [45.3%])

obtained at the start of the therapy are detailed in Table 1.
A mean (SD) age of 47.0 years (13.4 years) was found. The
average BASDAI was 4.3 (2.3) and the mean ASDAS was
2.5(0.9).

Treatment persistence

During the analyzed period, 1222 new treatments with
bDMARDs (TNFi [954 cases], IL-171 [190 cases]) or JAKi
(78 cases) were reported. The median drug survival was 31
months for TNFi, 25 months for IL-17i, and 18 months for
JAKi. Figure 1 shows the KM diagram for drug survival of
the different MoA. Most discontinuations occurred within
the first 12 months of treatment initiation. After this initial
period, discontinuation rates decreased, leading to fairly
constant persistence rates for a given drug class from 1 to
2 years (Table 2). The corresponding 1-year drug survival
probability was 84.4% for TNFi, followed by 75.3% for
IL-17i and 65.4% for JAKi. A 2-year drug survival rate of
79.6% was found for TNFi compared with 72.6% for IL-17i
and 62.8% for JAKIi (Table 2).

Cox regression with TNF1i serving as the reference drug
class indicated JAKi (HR 1.91 [95% CI 1.22-2.99]) and IL-
171 (HR 1.43 [95% CI 1.02-2.01]) to have a significantly
higher probability of drug discontinuation compared to
TNFi. No difference was observed between JAKi and IL-
171 in a supplemental Cox regression with IL-17i serving
as the reference drug class (HR 1.33 [95% CI 0.79-2.24]).

Female gender (with male gender as reference)
(HR=1.97 [95% CI 1.50-2.59 ]) and shorter disease dura-
tion (HR=0.98 [95% CI 0.97-0.99]) were found as inde-
pendent covariates affecting drug survival in Cox regression
analyses.

Changes in disease activity during treatment

Due to the structure of the RHADAR database, a direct data
query for reasons of drug discontinuation was not possible.

@ Springer



2060

Rheumatology International (2024) 44:2057-2066

Table 2 Risk table

Mode of action ~ Month  Atrisk (n)  Atrisk (%) Cumulative events (n) ~ Cumulative censored (n)  Strata size (n)  Drug survival
propability
IL-17i 0 190 100 5 0 190 100.0%
IL-17i 12 122 64 48 21 190 75.3%
IL-17i 24 99 52 53 39 190 72.6%
JAKi 0 78 100 8 78 100.0%
JAKi 12 46 59 27 5 78 65.4%
JAKi 24 26 33 29 23 78 62.8%
TNFi 0 954 100 19 0 954 100.0%
TNFi 12 702 74 155 103 954 84.4%
TNFi 24 559 59 198 200 954 79.6%
Table 3 BASDAI and ASDAS changes from start of a new therapy until discontinuation
Assessment TNFi IL-17i JAKi
(n=198) (n=53) (n=29)
n (%) Mean n (%) Mean n (%) Mean
(95% CI) (95% CI) (95% CI)
BASDAI 106 (53.5) -0.5(0.2-0.8) 30 (56.6) -0.7(02-1.1) 18 (62.1) -0.6 (0.1-1.2)
ASDAS 48 (24.2) -0.1 (-0.1-0.3) 13 (24.5) —0.1(-0.1-0.3) 10 (34.5) -0.1 (0.0-0.3)
Table 4 Patient characteristics stratified by treatment MoA
Characteristic TNFi IL-17i JAKi
(n=954) (n=190) (n=178)
n (%) Mean n (%) Mean n (%) Mean
(95% CI) (95% CI) (95% CI)
Age 954 (100) 46.7 (45.8-47.6) 190 (100) 47.0 (45.3-48.8) 78 (100) 50.0 (47.0-53.0)
Gender (male) 528 (55.3) - 105 (55.3) - 35(44.9) -
Gender (female) 426 (44.7) - 85 (44.7) - 43 (55.1) -
Disease duration (years) 823 (86.3) 12.6 (11.8-13.4) 160 (84.2) 12.7 (10.9-14.4) 64 (82.1) 12.7 (10.1-15.2)
BASDAI 624(65.4) 4.1(3.94.2) 127 (66.8) 5.3 (4.9-5.6) 56 (71.8) 5.2 (4.6-5.7)
BASFI 461 (48.3) 3.3(3.1-3.6) 91 (47.9) 4.6 (4.1-5.2) 43 (55.1) 4.7 (3.9-5.6)
ASDAS 311 (32.6) 2.4(2.3-2.5) 70 (36.8) 2.8 (2.6-3.0) 40 (51.3) 3.0(2.7-3.3)
ESR (mm/h) 487 (51.0) 18.6 (17.0-20.1) 102 (53.7) 18.3 (15.1-21.6) 48 (61.5) 19.9 (14.9-24.9)
CRP (mg/dl) 589 (61.7) 0.6 (0.5-0.8) 130 (68.4) 1.1 (0.5-1.8) 57(73.1) 0.8(0.4-1.2)
Pain (0-100) 273 (28.6) 37.0 (33.8-40.2) 64 (33.7) 54.8 (48.7-61.0) 31(39.7) 55.3 (45.4-65.3)

To gain insights into whether adverse events or loss of effec-
tiveness were the main cause for drug discontinuation, we
analyzed the available changes regarding BASDAI and
ASDAS during treatment for each MoA (Table 3). Cor-
responding change scores ranged from —0.5 to —0.7 for
BASDALI and were equal to —0.1 for ASDAS for all drug
classes included. We only found mild negative delta values
and no differences in the mean delta BASDAI or mean delta
ASDAS between the three MoA, indicating that the main
cause for treatment change was primary loss of efficacy and
not adverse events. No difference was seen between the
three MoA.

Subgroup analysis stratified by drug classes

Potential effects of varying group characteristics were
analyzed to reveal potential impacts on drug survival (see
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Table 4 for an overview of the characteristics by drug class
and supplemental section S1 for additional details).

Patients in the TNFi subgroup had slightly lower disease
activity parameter (BASDAI, ASDAS) compared with IL-
17i- and JAKi-treated patients (BASDAI of 4.1 [TNFi] vs.
5.2 [JAKi] vs. 5.3 [IL-17i], ASDAS of 2.4 [TNFi] vs. 3.0
[JAKi] vs. 2.8 [IL-17i]) when considering the 95% con-
fidence intervals. No difference was found between the
JAKi and IL-17i subgroups. TNFi-treated patients had an
average of 0.5 previous bDMARD/tsDMARD treatments,
IL-17i-treated patients received an average of 1.1 prior
treatments, and JAKi-treated patients had an average of 1.9
previous therapies.
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Simultaneous conventional synthetic DMARD
therapies and relevant comorbidities with influence
on drug survival

Combination with a conventional synthetic DMARD
(csDMARD) and comorbidities might affect drug survival
[17-21]. Firstly, we therefore analyzed the RHADAR data-
base to assess whether the bDMARD or JAKi therapies
were administered as monotherapy or in combination with
a csDMARD. There were no significant differences in the
frequencies of concomitant treatment among the three drug
classes (TNFi 11.0%, JAKi 16.7%, IL-17i 8.9%) (see also
Supplemental section S2). Methotrexate was the most com-
mon csDMARD used in concomitant therapy (IL-171 8.4%,
JAKi 15.4%, and TNFi 10.3%). Sulfasalazine was seldom
used in combined therapy (IL-17i 0.5%, JAKi 1.3%, TNFi
0.6%) and hydroxychloroquine only in one TNFi patient
(0.1%).

Secondly, we analyzed the drug classes for their distribu-
tion of reported comorbidities based on the database entries
(Table 5). While osteoarthritis rates were similar among the
three subgroups, depression was less common in the TNFi
(2.7%) compared with the IL-17i (6.3%) and JAKi (5.1%)
groups. Coronary heart disease as well as overall cardio-
vascular risk factors (except for obesity) were similarly dis-
tributed. Smoking and diabetes mellitus were not reported
in the JAKi group. Regarding axSpA-specific comorbidi-
ties, the highest rate of uveitis was found in the JAKi group
(16.7% vs. 5.3% [IL-171] vs. 4.4% [TNF1i]) and Crohn’s dis-
ease/ inflammatory bowel diseases were only reported in the
TNFi group (2.3%).

Table 5 Comorbidities by drug class

Comorbidity* TNFi IL-17i JAKi
(n=954) (n=190) (n="78)
Osteoarthritis 169 45(23.7%) 18
(17.7%) (23.1%)
Uveitis 42 (4.4%) 10(5.3%) 13(16.7)
Depression 26 (2.7%)  12(6.3%) 4(5.1%)
Chronic inflammatory bowel 22 (2.3%) 0 0
disease
Coronary heart disease 39 (4.1%) 11(5.8%) 4(5.1%)
Obesity 353.7%) 11(5.8%)  5(6.4%)
Cardiovascular risk factors 340 78 (41.1%) 24
(35.6%) (30.8%)
Missing 110 (11.5%) 17 (9.0%) 1 (1.3%)
No comorbidity 21 (2.2%)  2(1.1%) 1(1.3%)

Data are reported as n (%)

“Based on ICD-10 codes: osteoarthritis, M15-M19; depression, F32;
coronary heart disease, 125; obesity, E66; cardiovascular risk factors,
110, E78, E11-E14; F17; uveitis, H20; chronic inflammatory bowel
disease/ Crohn’s disease K50

Discussion

In this study, we provide new data on the drug survival of
different drug classes (TNFi, IL-17i, and JAKi) among Ger-
man axSpA outpatients treated during routine care since
approval of JAKi. Most new treatments were initiated with
a TNFi, followed by IL-17i and JAKi. The highest drug sur-
vival probability was found for TNFi, followed by IL-17i.
The lowest rates of persistence were seen in JAKi-treated
patients. The most common time period for treatment dis-
continuation was during the first 12 months after treatment
initiation due to lack of effectiveness. Discontinuation sub-
sequently declined, and drug persistence rates remained
fairly constant between 12 and 24 months. Using Cox
regression models, we found significantly higher adjusted
HRs for JAKi and IL-17i drug discontinuation than for
TNFi. The risk for discontinuation of IL-17i did not differ
significantly from JAKi.

Comparing our study population with the reported Ger-
man average axSpA population, our patients were slightly
younger (mean of 47.0 years [13.4 years]) than those
described in two claims database studies (61.2 and 56.5
years), but the male to female ratio was quite similar [22,
23]. Neither database analyses reported disease parameters
such as BASDALI [22, 23]. Two other smaller studies of
German axSpA cohorts reported generally similar charac-
teristics to our cohort for age (55.9 years/56.1 years) and
gender distribution (46.4% female proportion for both) as
well as for BASDALI (4.5 for both) [24, 25]. Therefore, we
conclude that our study population is representative of the
German axSpA population and that our findings are likely to
be transferable to other axSpA patients in Germany.

A 2020 meta-analysis of drug survival for all TNFi in
ankylosing spondylitis (AS) revealed drug survival rates of
76.0% at one year and around 60—70% at year 2 which is
slightly lower than our reported 1-year and 2-year drug sur-
vival rate [7]. However, in the study mentioned, the drug
survival rates for TNFi showed high variability ranging
from 30 to 100% (supplementary file to [7]). Accordingly,
interpreting this discrepancy between our data and these
reported metadata is challenging. One explanation might be
the dualism in the German healthcare system: only treated
outpatients were included in the RHADAR database. Dis-
ease severity in these patients might be lower than those
with more refractory or difficult-to-manage axSpA, who are
more likely to be treated in specialized clinical departments
and not in rheumatologic practices. Additionally, the TNFi
patients in our cohort had a mean of 0.5 previous treatments
and, therefore, were often bDMARD naive, with the admin-
istered TNFi being their first-line treatment. Importantly,
first-line treatments were found to have higher retention
rates than second- or third-line treatments [26]. In line with
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this observation, the aforementioned meta-analysis found
drug retention rates of around 82% for etanercept and of
around 80% for adalimumab in bDMARD-naive patients
at year 1, which is similar to our reported rate [7]. A fur-
ther explanation could be that the broader availability of
magnetic resonance imaging and improved diagnostic pro-
cedures in Germany over recent years may help to better
distinguish flares and disease activity from back pain and
degenerative disorders, leading to fewer treatment switches
due to perceived treatment failure.

Our observed retention rates for IL-17i were in in line
with other reported real-world studies among axSpA patients
[7, 9, 10]. Additionally, we found a slightly higher drug dis-
continuation probability for IL-17i compared to TNFi. The
explanation for that might be that the IL-17i treated patients
in our cohort had seen more lines of treatment than the
TNFi-treated patients. A study of secukinumab retention in
axSpA patients revealed that drug survival was better when
secukinumab was administered as first-line therapy rather
than as a second- or third-line agent [8]. But when used as
first-line bDMARD, drug survival of secukinumab did not
differ from adalimumab or other TNFi [3, 9]. On the other
hand, an observational cohort study of the 5 Nordish reg-
istries with almost 11 000 treatment courses indicated that
drug retention of secukinumab might be inferior to adalim-
umab in the third line or higher [9].

Real-world data on the drug persistence of JAKi in axSpA
are still not widely available. We only discovered one recent
published study from the Spanish BIOBADASER registry
with a similar sample size [11]. Their reported retention rate
for all JAKi (1-year survival rate of 82.9%) was much higher
than our reported rate, but at year 2, their reported survival
rate of 64.0% was quite similar to the rates observed in
our cohort [11]. When interpreting this discrepancy in the
l-year drug survival, it should be noted that the BIOBA-
DASER study only registered 62 treatment courses with
JAK:i in axSpA, which corresponds to only 3/4 of the num-
ber of cases in our cohort [11]. Their Kaplan Meier curve
was correspondingly angularly shaped [11]. Similar to our
cohort, JAKi were mainly used in the third line or later, so
that the more favorable 1-year survival cannot be easily
explained by JAKi usage in an earlier line of therapy [11].
Our data might therefore be more accurate and depict the
real-world drug survival more precisely due to the higher
number of reported cases, but further studies will be needed
to confirm our observations [11]. Interestingly, the probabil-
ity for discontinuation of JAKi was significantly higher than
for TNFi in adjusted Cox regression models in our cohort.
For JAK,, this is surprising given studies revealing a strong
patient preference for oral over subcutaneous therapies [27,
28]. The analysis from the Spanish BIOBADASER regis-
try found no difference for drug discontinuation between
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TNFi and JAKIi in their axSpA patients which might be
interpreted with caution due to the smaller number of treat-
ment courses as mentioned before [11]. On the other hand,
the Danish DANBIO registry data and data published from
the RHADAR database also showed significantly lower
persistence rates for tofacitinib/JAKi compared with TNFi
or IL-17i for PsA [3, 13]. When interpreting our drug sur-
vival rates of JAKi, it must be taken into account that JAKi-
treated patients in our cohort had more previous treatments
and higher disease activity parameters than TNFi-treated
patients. A suitable interpretation of these findings might be
that JAKi does not typically represent the first-line treatment
of German axSpA outpatients and is a drug class reserved
for more refractory forms of disease, which is in line with
the findings reported for JAKi treated patients of the Span-
ish BIOBADASER register [11]. This would be consistent
with observations on shorter drug survival times for patients
having received a larger number of previous treatments [9,
11, 26]. Concomitant medication and the presence of osteo-
arthritis or population characteristics like age did not differ
between the drug classes and, therefore, do not appear to
explain the observed differences as in other registries [11].
To analyze whether the reason for drug discontinuation dif-
fered between the MoA we looked for the change in BAS-
DAI and ASDAS values between treatment initiation and
treatment switch as a surrogate for treatment response. The
mean delta values exhibited only a mild negative delta and
did not differ between the three MoA, indicating that the
main reason for drug discontinuation for all MoA was non-
response and not adverse events, which is in line with find-
ing of other registries [9-11, 26].

It is also possible that the publication of the ORAL sur-
veillance study data, which revealed an increased risk of
cardiovascular events and cancer with tofacitinib, as well
as the subsequent changes in the warnings and precautions
section of the SmPCs of the JAKi may have prompted clini-
cians or patients to switch treatments [29, 30].

The findings of our study must be interpreted with cau-
tion due to several limiting factors. As a retrospective study
based on data from a real-world clinical registry, drug sur-
vival was not evaluated prospectively, and groups were not
matched or stratified. The RHADAR database is a registry
with automatic data transfer from rheumatologic practices;
these data are not monitored, which explains the consider-
able rate of missing values for some parameters. Not all
available disease parameters were assessed in all patients,
as it i1s common in routine clinical care, and reasons for dis-
continuation were not provided. For analysis purposes, spe-
cific agents within a drug class were aggregated, which may
have affected the reported results. This effect might be more
relevant for TNFi than other drug classes due to the greater
number of agents in the TNFi drug class. Other studies
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have reported differences in drug persistence among TNFi
inhibitors in patients with axSpA [3, 26]. Our analyses did
not distinguish between AS (radiographic axSpA) and non-
radiographic axSpA. Some studies, but not all, have found
that patients with AS have a prolonged drug survival on
bDMARDSs compared with patients with non-radiographic
axSpA [31-33].

Despite these limitations related to real-world stud-
ies, our findings provide unique and valuable insights into
real-world drug retention rates of bDMARDs and JAKi in
patients with axSpA during a time frame in which multiple
agents with different MoA and modes of administration
were available. High costs and the difficulty of performing
study activities during routine outpatient care make it chal-
lenging to perform real-world drug survival studies. How-
ever, these studies are critical because they depict outcomes
observed during routine care and may provide information
to guide medical and economic decision-making in the
healthcare sector.

Based on our data, we conclude that TNFi is still the pre-
ferred drug class for patients with axSpA who are initiating
treatment with a new bDMARD or JAKi in the German out-
patient sector. JAKi appear to be reserved for more severe
or refractory forms of axSpA, and this preference could
potentially be further intensified in the future by the find-
ings of the ORAL surveillance study and the corresponding
Pharmacolovigilance Risk Assessment Committee recom-
mendations [29, 30]. Higher usage as first-line agents in
patients with less severe or refractory disease might explain
the longer drug survivals for TNFi compared with JAKi and
IL-17i, but other factors, including effectiveness, may also
play arole.
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