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23 Abstract

24  Management of Juvenile idiopathic arthritis (JIA) has improved tremendously in recent years
25 due to the introduction of new drug therapies but remains complex also in terms of non-
26  pharmaceutical issues. In order to determine the direction of scientific progress by
27  characterizing the current spectrum of ongoing clinical research in JIA, we analyzed all
28  ongoing studies in the field of JIA registered in clinicaltrials.gov and clinicaltrialsregister.eu
29  concerning sponsoring, enrollment, duration, localization, and particularly objectives. Close
30 of database was 7 January 2021. After identifying doubled-registered studies, N=72 went
31 into further analysis. Of these, 61.1% were academia-sponsored and 37.5% by pharma
32  industry. The majority of studies was of interventional type (77.8%), while others (22.2%)
33  were observational. Median planned enrollments were 100 participants (interventional
34 studies) and 175 participants (observational studies), respectively. Duration differed
35 remarkably from one month to more than 15 years with a median of 42.5 months. 61.1% of
36 studies were located in a single country, 38.9% were in several. Europe and North America
37 clearly dominated study localizations. Study objectives were DMARDs (56.9%), followed by
38 diagnostics and disease activity measurement (18.1%), and medication other than DMARD
39 (12.5%), besides others. Studies on DMARDs were mainly sponsored by industry,
40 predominantly interventional studies on established and novel biologics, with several on
41  specific issues like systemic JIA and others. The spectrum of registered studies is currently

42  centered on drug therapy and diagnostics, while other issues in JIA play a subordinated role.

43
44
45  Keywords: juvenile idiopathic arthritis, research registry, clinical trial, DMARD
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47  Abbreviations:

48  ABA abatacept

49  ADA adalimumab

50 ANA anakinra

51 BAR baricitinib

52 CAN canakinumab

53 CER certolizumab

54  DMARD disease modifying anti-rheumatic drug
55 ETA etanercept

56 GOL golimumab

57 HCQ hydroxychloroquin
58 IFN interferone

59 L interleukine

60 IXE ixekizumab

61 JAK janus kinase

62 JIA juvenile idiopathic arthritis
63 MTX methotrexate

64 n/a not available

65 RA rheumatoid arthritis
66  SAR sarilumab

67 SEC secukinumab

68  SUL sulfasalazine

69  TNF tumor necrosis factor
70 TOC tocilizumab

71  TOF tofacitinib

72  UPA upadacitinib
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74  Introduction

75  Juvenile idiopathic arthritis (JIA) is one of the most prevalent chronic diseases in childhood
76 with 16-150 cases per 100,000 population in developed countries [1]. The commonly used
77  classification by the International League of Associations for Rheumatology divides JIA into
78  seven subgroups [2]. Besides many similarities in clinical presentation and pathophysiology
79  among different subgroups, JIA may also be seen as a collective term for separated disease
80 entities, namely when regarding systemic JIA, psoriatic arthritis, and enthesitis-related
81 arthritis in contrast to oligo-/polyarthritis [1-3]. Sometimes even in absence of any joint
82 involvement, JIA can be diagnosed or suspected (in case of a probable systemic JIA [4]).
83  Especially JIA associated uveitis and temporomandibular joint involvement are prevalent
84  challenging treatment issues [3,5].

85  Under-treated JIA results in joint corrosion, reduced quality of life and participation, and
86  may cause persistent disabilities [3,6,7]. While many of these complications can also be found
87  in adult patients with rheumatoid arthritis (RA), pediatric patients furthermore are at risk for
88 local growth disturbances, (general) growth failure, and pubertal disorders [1,8]. JIA
89  associated uveitis can result in irreversible visual loss, and the most frequent subgroup of JIA
90 is the most vulnerable for developing uveitis [1,9].

91  From the young patients’ view, an early diagnose and prompt start of a sufficient treatment
92 s essential not only to improve current complaints, but also to improve long-term outcome.
93 l.e., early treatment with disease-modifying antirheumatic drugs (DMARDs) is associated
94  with better disease control and drug-free remission in young adulthood [10]. Early response
95  to treatment is associated with better long-term outcome [11,12].

96 The last decades tremendously improved management of JIA [13]. Molecular-immunology
97  studies on disbalances between immune tolerance and inflammation, genetic susceptibility
98 and gene expression lead to betting understanding of etiologies and pathogeneses [14].
99 Introduction of biologic DMARDs revolutionized treatment and outcome of JIA patients and
100  will likely be applied in personalized treatment strategies [3,15]. From the care providers’
101  view — the pediatric rheumatologist — scientific research and drug development are brought
102  into practice through structural establishment of pediatric rheumatology networks and
103  disease registers, and emerging guidelines for JIA [1,3,4,16-19].

104 Despite these considerable advancements, treatment of JIA remains complex and
105 improvable, and still a relevant part of patients is refractory to treatment. Better definition
106  of disease entities and their pathogeneses are needed for improved classification and
107 treatment strategies [1,16], as well as specific biomarkers for personalized treatment tuning
108  [3,16,20,21]. Pediatric-approved DMARDs require long-term observation through registry
109  studies [22] and recently approved DMARDs from adult medicine — i.e. in the treatment of
110  rheumatoid arthritis — need to be explored for their potentials and risks in pediatric patients
111 with JIA [23]. Novel drugs targeting selectively molecules or pathways involved in
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112  inflammation are needed to offer new treatment perspectives in refractory cases, therefore
113  prospective clinical studies are inevitable [3,16].

114  But improving pediatric rheumatologic care is more than improving pediatric
115  pharmacological care. Besides all available possibilities of modern treatment, a nontrivial
116  question is how to provide individual access to pediatric rheumatologic care for children
117  with such diseases [24,25]. And, as pediatricians are not treating small adults, improving
118  pediatric-specific issues must be addressed like family-centered care, social integration and
119 rehabilitation, as well as transition as a key issue of every chronic pediatric disease [26].

120 We therefore directed our efforts in determining the direction of progress in the field.
121 Specifically, the purpose of this study is to characterize current clinical research in the field
122 of JIA in regard to pediatric medical needs. We hypothesize that research hereon is drug-
123 driven due to its achievements in recent years and potential economic prospects.
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125  Materials and Methods
126
127  Aim of the study

128  This study aims to characterize ongoing clinical studies in the field of JIA in terms of
129  sponsoring, enrollment, duration, localization and investigational topics, in a cross-sectional
130  analysis. STROBE criteria (Strengthening the Reporting of Observational studies in
131  Epidemiology) were applied for design, conduction and reporting of this study [27]. The term
132 ‘ongoing’ refers to not yet finally completed studies at time of analysis.

133
134  Search for clinical studies

135 Web-based databases of the U.S. National Library of Medicine (clinicaltrials.gov) and the
136  European Union Clinical Trials Register (clinicaltrialsregister.eu) were assessed for ongoing
137  clinical studies with the search keywords ,juvenile idiopathic arthritis’, synonyms ‘JIA” and
138  ‘juvenile chronic arthritis’. Filters were applied for age range (all age groups under 18 years)
139  and study status (‘Recruiting’, ‘Not yet recruiting’, ‘Active / not recruiting’, ‘Enrolling by
140 invitation’, ‘Suspended’, and ‘Ongoing’, ‘Restarted’, ‘Temporarily halted’, respectively).
141  Databases were closed for search 7 January 2021 and data were downloaded for further
142 analysis.

143
144  Data analysis

145  Microsoft Excel 2019 MSO, Edmond, US-WA, was used for data analysis. Standard
146  techniques for descriptive statistics were applied. Study titles and description details were
147  analyzed concerning sponsor, enrollment, duration, localization of study centers, and study
148  type and objectives. Double-registered studies were identified, doublets were excluded.
149  Missing data were not imputed. Sponsor was categorized into either industry or academia
150 (including universities, public institutions and hospitals). Planned enrollment of participants
151  was also extracted from description details. By the start date ongoing ‘duration’ of studies
152  was calculated in months using the earlier date in case of doublets in both registries. For
153  localization of study centers we displayed the top five locations for single and multi-country
154  studies, respectively, for which countries were clustered to their super-ordinated medical
155  authorities (i.e., EU countries — EMA). Study details were analyzed for classification of
156  interventional or observational studies, and their clinical phases where appropriate. For
157  determination of study objectives keywords were generated from study descriptions, and
158  content analysis was used to determine answer categories [28].
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160  Results
161
162  Registered studies

163  Overall, n=56 studies registered on clinicaltrials.govn and n=34 studies on
164  clincialtrialsregister.eu met the search criteria. Of these, n=18 studies were identified being
165 double-registered. Contents of n=72 studies were further analyzed. In the following passage
166  we present the main results, for more details see Supplement 1.

167
168  General findings
169  Sponsor

170  Academia sponsored 44/72 (61.1%) of found studies, industry 27/72 (37.5%), one study was
171  mixed sponsored. Of academia-sponsored studies, 3/44 (6.8%) were doubled-registered in
172 both registers as well as 15/27 (55.6%) of industry-sponsored studies.

173
174  Planned Enrollment

175 For interventional studies, the planned enrollment was median 100, with a minimum of 6
176  and a maximum of 340 participants. Planned enrollment for observational studies was
177  median 175, with a minimum of 10 and a maximum of 9,000 participants.

178
179  Duration of studies

180  Start dates of n=2 studies were given in the future at time of assessment and therefore not
181  used for calculation of duration. Duration of ongoing studies was calculated from n=70
182  studies with a median of 42.5 months, a minimum of 1 month and a maximum of 183
183  months (more than 15 years).

184
185 Locations

186  Of analyzed studies, 44/72 (61.1%) were located in a single country and 28/72 (38.9%) in
187  multiple countries. Most frequent countries for single location were: France (9/44),
188  Netherlands (6/44), United States of America (6/44), Canada (5/44), China (3/44), and ltaly
189  (3/44). When multiple countries were involved, most frequent countries were: EU countries
190  (24/28), United Kingdom (17/28), Russian Federation (14/28), Mexico (13/28), and the
191  United States of America (13/28). Geographically, European countries were involved in
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192  54/72 studies (75.0%), North American countries in 30/72 studies (41.7%), South American
193  as well as Asian countries in 14/72 studies (19.4%) each, African countries in 8/72 studies
194  (11.1%), and Australia and Oceania in 6/72 studies (8.3%).

195
196  Study types

197 The found study type was interventional in 56/72 (77.8%), and observational in 16/72
198  (22.2%) studies. A clinical phase was given in N=44/56 of interventional studies:

199 - Phase I: 5 studies,
200 - Phase II: 4 studies,
201 - Phases I+1l: 3 studies,
202 - Phase lll: 22 studies,
203 - Phase IV: 10 studies.
204

205  Study objectives

206  For proportions of study objectives see also Figure 1.
207

208 DMARDs

209  41/72 (56.9%) studies were related to DMARDs in the fields of JIA including JIA associated
210  uveitis; industry sponsors were involved in 27/41 studies; 14/41 studies were sponsored by
211  academia only. Studies addressed conventional, non-biological (hydroxychlororquine,
212  methotrexate, sulfasalazine; 10/41 studies) and/or biological DMARDs (37/41 studies). Vice
213 versa, 31/41 studies did not involve any non-biological DMARD as a variable or control, and
214  4/41 studies did not involve any biological DMARD, see also Figure 2.

215  Only 5/41 studies were of observational type, all others were interventional. The following
216 DMARDs were specifically studied in these studies, in descending order (partly multiple
217  agents involved per study):

218 - Methotrexate (MTX; 10/41 studies, hereof three observational studies),
219 - Abatacept (ABA; 6/41 studies, hereof one observational study),

220 - Etanercept (ETA; 6/41 studies),

221 - Tocilizumab (TOC; 6/41 studies),

222 - Adalimumab (ADA; 4/41 studies, hereof one observational study),

223 - Baricitinib (BAR; 4/41 studies),

224 - Tofacitinib (TOF; 3/41 studies),

225 - Canakinumab (CAN; 2/41 studies),

226 - Golimumab (GOL; 2/41 studies, hereof one observational study),

8
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227
228
229
230
231
232
233
234

235
236
237
238
239
240
241

242
243
244
245
246

247

248

249
250
251
252
253
254
255
256
257

258

259

260
261
262
263

- Sarilumab (SAR; 2/41 studies),

- Secukinumab (SEC; 2/41 studies),

- Anakinra (ANA; 1/41 study),

- Certolizumab (CER; 1/41 study),

- Hydroxychloroquine (HCQ; 1/41 study),
- Ixekizumab (IXE; 1/41 study),

- Sulfasalazine (SUL; 1/41 study),

- Upadacitinib (UPA; 1/41 study).

Of studied biological agents, corresponding biological targets are shown in Figure 3
(interventional and observational studies). Of all studies on DMARDs, 10/41 studies
specifically addressed treatment of systemic JIA (DMARDs: ANA, BAR, CAN, MTX, SAR, TOC,
and TOF), 4/41 studies specifically addressed enthesitis-related and psoriatic JIA (DMARDs:
ETA, IXE, SEC), and 3/41 studies specifically addressed JIA associated uveitis (DMARDs: ADA,
BAR, GOL). Withdrawal strategy was an explicit issue in 6/41 studies (DMARDs: ABA, ADA,
ANA, ETA, MTX, TOC).

Enrollment of observational studies was median 833, with a minimum of 10 and a maximum
of 9,000. For clinical phases and planned enrollments in interventional studies on biological
DMARD agents see Table 1. All industry-sponsored studies were located in multiple
countries; whereas only two of the academia-sponsored studies had locations in more than
one country (USA + UK and several EU countries, respectively).

Diagnostics and measurement of disease activity

13/72 (18.1%) studies were related to diagnostics and disease activity in JIA in a broader
sense. All these studies were academia-sponsored and located in a single country. Five of
these studies concerned musculoskeletal and bone involvement (three interventional, two
observational studies), two studies each concerned differential diagnose to septic arthritis
(both observational), imaging of arthritis (both observational, MRI and ultrasound,
respectively), and temporomandibular involvement (both observational), as well as one
study each on etiology and pathogenesis of systemic JIA (observational), disease activity
biomarker (interventional), and a national disease registry (observational). Enrollment of
these studies was median 90, with a minimum of 30 and a maximum of 1,000.

Medication other than DMARD

9/72 studies (12.5%) were related to medications other than DMARD and all of them of
interventional type, concerning the following medications: anti-IFN-gamma in systemic JIA
(phase 11), dexmedetomidine (phase IV; as sedative during joint-injections), mesenchymal
stromal cells (phases | and IlI), genicular nerve block (phase IV), high-dose nicotinamide

9
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264  (phases | and Il), ondansetron (phase n/a; as pre-medication), probiotics (phase n/a),
265 recombinant interleukine 2 (phase n/a), triamcinolone hexacetonid (phase 1V). Except for the
266  study on anti-IFN-gamma, studies were academia-sponsored and located in a single country.
267  Enrollment of studies was median 104, with a minimum of 6 and a maximum of 202.

268
269 Non-medication treatment

270  6/72 studies (8.3%) were related to non-medication treatment of JIA and of interventional
271  type: three studies concerned sleep self-management of JIA patients, as well as one study
272  each on yoga and aerobic dance for pain management, a dietary intervention with specific
273 carbohydrates, and a peer mentoring program for adolescents with JIA. All these studies
274  were academia-sponsored and located in a single country. Enrollment was median 30, with a
275  minimum of 18 and a maximum of 262.

276
277 Vaccination

278  2/72 studies (2.8%) were related to JIA and vaccination: one observational study concerned
279  frequency of human papilloma virus vaccination among JIA patients, and one interventional
280  study concerned safety and efficacy of live attenuated measles, mumps, rubella vaccine in
281  JIA patients. Both studies were academia-sponsored and located in France and Netherlands,
282  respectively. Enrollment was 150 and 280, respectively.

283
284  COVID-19 pandemic

285  One observational, academia-sponsored study (1.4%) was related to the COVID-19 sanitary
286  crisis and observed the impact on therapeutically management of JIA patients. Localized in
287  France, its enrollment was 150.

288
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289  Discussion
290

291  Current clinical research in JIA was mainly focused on drug therapy —which predominantly
292  means DMARD agents and sponsoring by pharmaceutical industry—, followed by studies on
293  diagnostics and measurement of disease activity. Non-medication therapy and other issues
294  were clearly secondary. In general, the size of interventional clinical studies was relatively
295  small with a maximum enrollment of 340 participants. The two main study locations were
296  Europe and North America, followed by South America and Asia.

297
298  Role of sponsor in clinical studies

299  Ongoing registered clinical studies were sponsored by academia in about 60%, and by
300 (pharma) industry in about 40%. Industry-sponsored studies were doubled-registered in
301  both registries in slightly more than half of the cases, which is not common for academia-
302 sponsored studies.

303 Industry-sponsored studies almost exclusively studied DMARDs, except for one study that
304 concerned treatment with anti-IFN gamma in systemic JIA. Only two of the industry-
305 sponsored studies were observational (pharmacovigilance on MTX, ABA, ADA) while most
306  others interventional tested DMARDs namely BAR, CER, IXE, SAR, SEC, TOF, and UPA for
307 introduction into treatment of JIA. Usually drugs had recently been labeled for rheumatic or
308 chronic inflammatory bowel diseases in adults first, and now been exploratory used for JIA
309 patients [23]. Only few interventional studies sponsored by the industry concerned longer
310 established DMARDs in JIA, TOC above all. All industry-sponsored studies had localizations in
311  more than one country; we assume that this might be due to greater access to potential
312  participants as well as potential pharma markets.

313  Academia-sponsored studies did have much more various objectives. Most of the
314  observational studies (14/16) were done by academia, especially in the fields of diagnostics
315 and disease activity measurement. At least one-third of research in DMARDs is performed by
316 academia, in fact on longer established drugs including non-biological DMARDs.
317  Interestingly, withdrawal strategies in DMARD-treated patients play a significant role.
318 Besides treatment with DMARDs, academia explores others possibilities of JIA treatment
319 including non-DMARD medications and non-medication (behavioral) treatment strategies.
320 Multi-lateral localizations were an exceptional condition here; we assume that barriers
321  between heterogenous legal areas increase necessary effort for realization of multilateral
322  collaboration beyond feasibility for academia in many cases.

323

324  Role of (novel) DMARD:s in clinical studies
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325 In clinical studies in the field of JIA — not surprising — DMARDs are the big player.
326  Introduction of first conventional, non-biological agents, and later of biological DMARDs
327 tremendously changed the game up to today [3,13,15]. Not only improvement of complaints
328 and disabilities is longer goal of treatment, but complete disease control for best long-term
329 outcome. Most frequent targets in DMARD treatment (in count of registered studies and
330 enrollments) are TNF, JAK, IL-6, and T cell. Regarding novel DMARDs in JIA, especially
331  Baricitinib and Tofacitinib seem to be the most promising agents regarding the size of
332  enrollments in phase Il studies. In contrast, IL-17 agents (IXE, SEC) did have distinctly fewer
333  phase lll studies and smaller enrollments. In addition, new agents were also tested for
334  targets with longer available DMARDs, namely on TNF (Certolizumab, phase 1ll) and IL-6
335  (Sarilumab, phase Il). Furthermore, studies on IL-1 antagonist agents had a smaller part in
336 DMARD studies.

337
338  Targeting specific issues in JIA

339  As mentioned in the introduction of this manuscript, JIA has unique challenges that differ
340 from rheumatic diseases in adults [1,3,5,9]. Interference of JIA with the growing and
341 developing body is under investigation in a few clinical studies on diagnostics of
342  musculoskeletal impairment. Frequent prevalent issues in JIA like temporomandibular
343  involvement and JIA associated uveitis were found being specific objectives in only a few
344  clinical studies in this study. Most of the studies included several subgroups of JIA, mainly all
345 non-systemic forms or poly-/ oligoarticular course of JIA. Nevertheless, systemic JIA was
346  specifically addressed in 12/72 studies (ten concerning DMARDs). Likewise, etiological
347  differing entities like psoriatic and enthesitis-related arthritis were specifically addressed in
348  4/72 studies (all on DMARDs).

349
350  Does clinical research meet the need for research in JIA?

351 It is not surprising that the majority (more than three quarters) of ongoing studies
352  investigates particular treatment strategies on JIA. The value of scientific networking and
353  collaboration, that brings research results into practice through guidelines and on-site
354 rheumatologic care providers, can barely be shown by analyzing registered clinical studies.
355  Family-centered care, social integration and rehabilitation, as well as transition were not
356  found being explicit issues in ongoing studies. Especially transition in a vulnerable life stage is
357 important for long-term outcome and of relevance in chronic-diseases in pediatrics in
358 general [29], and of JIA in specific, including somatic and mental health [26,30,31]. A direct
359 relation to adolescents in specific, for instance, was only found in one of the studies,
360 although not in the context of transition but of peer-mentoring.

361
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362  Limitations of this analysis

363 This study has several limitations. We used two registries (clinicaltrials.gov and
364 clinicaltrialsregister.eu) by which studies registered in smaller national registries will be
365 missing, as well as from central registries outside Europe and North America. Our study can
366  naturally not determine studies and research that is not registered in any registry of clinical
367 studies, which may be the case especially for non-medication and/or observational studies.
368  Our analyzes rely on the accuracy of data input to these two registries. For the purpose of
369 characterizing ongoing studies we did not consider studies that were finally closed for
370  further recruitment. Neither we searched for specific terms, i.e. uveitis, what may had
371 revealed more research in these specific fields. We consider this study a cross-sectional
372 snapshot on the ongoing research in JIA in general, not a specific in-depth exploration on
373  research in predefined subsets.

374
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375 Conclusions
376

377  While clinical research is mainly focused on drug therapy and diagnostics, other issues in JIA
378 management are marginal topics in registered studies.

379

14


https://doi.org/10.20944/preprints202110.0241.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 18 October 2021 d0i:10.20944/preprints202110.0241.v1

380 Tables and figures

381

382 Table 1: Registered interventional studies involving biologic DMARD agents, clinical phases and planned
383 enrollments. *,T refer to studies involving multiple biological targets.

384 IL interleukine, JAK janus kinase, TNF tumor necrosis factor

Target | DMARD | Phase Registration number Enrollment

| NCT04585711 30
NCT01421069 109
NCT02840175* 62
ADA / Il NCT03728478 260

TNF ETA NCT03816397 118 (total 1,327)
EudraCT2009-012520-84 100
IV EudraCT2013-003956-18+ 325
CER Il NCT01550003 193
GOL Il NCT02277444 130
NCT03773965 190
NCT03773978 197
BAR M1 NcToaoss3ss 103
NCT04088409 40

JAK | EudraCT2011-004914-40 24 (total 1,048)
TOF 4 | NCT01500551 340
NCT03000439 100
UPA | NCT03725007 54
NCT02776735 100
SAR I NcTo2991469 72
| NCT02165345 82

L6 NCT02840175* 62 (total 726)
T0C Il EudraCT2007-000872-18 108
EudraCT2009-011593-15 185
| NcTo33oisss 74
EudraCT2012-000444-10 43
I/l NCT03733067 40
NCT01844518 306

T cell ABA Il NCT02840175* 62 (total 920)
NCT03841357 187
IV EudraCT2013-003956-18+ 325
IXE Il NCT04527380 100

IL-17 SEC i NCT03769168 58 (total 238)
EudraCT2016-003761-26 80
ANA IV EudraCT2015-004393-16 55

IL-1 AN Il EudraCT2008-005476-27 122 (total 197)
IV EudraCT2018-004284-30 20

385
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B DMARD agents

M Diagnostics and disease
activity

B non-DMARD medication
H non-medication
treatment

M vaccination

= COVID-19 pandemic

386

387 Figure 1: Proportions of registered study objectives.

388

389

= Non-biologics only = Biologics involved + non-biologics

390

391 Figure 2: Proportions of DMARD agents involved in registered studies.

392
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394 Figure 3: Number of studies concerning biological DMARDs sorted for biological targets (interventional and
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