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Radiographic progression in clinical
trials in rheumatoid arthritis: a systemic
literature review of trials performed by

industry

Yune-Jung Park

ABSTRACT

Objectives To summarise radiographic data in
randomised controlled trials (RCTs) as part of the
radiographic inhibition claim of disease-modifying
antirheumatic drugs (DMARDs) approved for patients with
rheumatoid arthritis (RA).

Methods A systemic literature review was performed
using the Medline database from 1994 to February 2020.
The results were grouped based on the scoring methods
(Sharp, Genant modification, van der Heijde modification)
and RA patient populations.

Results One hundred sixty-eight publications were
selected. After detailed assessment, 52 RCTs (7
methotrexate (MTX)-naive, 23 MTX inadequate response
(IR), 9 DMARDs IR and 3 tumour necrosis factor-alpha
inhibitors (TNFi) IR studies) were finally included.
Information on patient population, scoring method used,
reader reliability, statistical analyses and detailed
radiographic data on baseline and change scores over
multiple follow-up periods are presented.

Conclusion The data gathered in this review serve as

a repository for the design of future trials with radiographic
damage as an outcome.

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic
inflammatory disorder characterised by syno-
vitis and destruction of synovial joints, lead-
ing to severe disability and premature
mortality." The introduction of disease-
modifying antirheumatic drugs (DMARDs)
in the treatment of patients with RA has led
to improved management of RA, making not
only (complete) symptom relief, but in addi-
tion the prevention of long-term structural
damage the current goal of therapy.” The
prevention of structural damage is also
recognised by the Food and Drug Adminis-
tration (FDA)? and the European Medicines
Agency (EMA)* as a separate claim for a drug
and defines the disease-modifying capability
of a drug.
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What is already known about this subject?

» Radiographic progression has been an important
outcome assessment in rheumatoid arthritis
randomised controlled trials (RCTSs).

What does this study add?

» This is a systematic literature review of the available
published information on demographic features,
radiographic scoring methods, statistical analyses
and detailed radiographic data.

How might this impact on clinical practice?

» This systematic literature review will help the design
of RCTs with the radiographic inhibition claim of new
drugs in the future.

To date, radiographs are still considered the
most appropriate method to assess structural
damage in RA. MRl is regarded as a supportive
imaging method but is not yet accepted as an
alternative for radiographs by the FDA and
EMA.? * Validated radiographic scoring meth-
ods exist and are widely used for assessment
and follow-up of joint damage in RA. Labelling
for ‘inhibition of radiographic progression’ is
granted to both synthetic and biological
DMARDs (bDMARDs) based on randomised
controlled trials (RCTs) in which retardation
of structural progression is demonstrated
using such validated scoring methods.

There is a general tendency for less radio-
graphic progression in more recent RCTs.”
This may be due to: earlier, more effective treat-
ment of patients included in RCTs, leading to
less structural damage at baselineG; or to less
exposure to placebo (control) therapy due to
earlier rescue. These developments have made
it challenging to demonstrate the superiority of
new drugs in inhibiting radiographic progres-
sion in RCTs. For future RCTs, this will require
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even more careful selection of patients prone to radio-
graphic progression and perhaps change in study design.”
In this context, an overview of data used to get a label for
‘inhibition of structural damage’ by pharmaceutical compa-
nies would be of interest. Existing reviews of radiographic
data do not include trials of more recent bDMARDs and
targeted synthetic DMARDs (tsDMARDs), such as certolizu-
mab, golimumab, tocilizumab and janus kinase inhibitors,7
or do not consider methodological aspects of analysing
radiographic data.’®

The purpose of this overview was to summarise radio-
graphic data in RCTs performed by pharmaceutical com-
panies, usually to obtain the claim of radiographic
inhibition, of all DMARDs approved for patients with
RA. This can serve as a repository for the design including
power calculations of future trials.

METHODS

This review is based on published articles reporting the
results of RCTs for RA performed by pharmaceutical
companies, in which the effects of new treatments on
radiographic damage were evaluated. These trials were
mostly used to obtain the registration as DMARD:s for the
respective treatment; however, some are pharmaceutical
company-performed post-approval studies. A literature
search on the topic was conducted in PubMed. The
research question was translated into an epidemiological
research question according to the PICO method
(Patients, Intervention, Comparator and Outcome).?
Patients were defined as adults with RA according to the
1987 American College of Rheumatology (ACR) criteria’
or to the 2010 ACR criterialo; intervention was defined as
any drug; comparator as placebo or another active drug;
outcome was radiographic progression.

The literature search was carried out in PubMed. The
database was searched using the following specific terms
(synonyms and all possible combinations): rheumatoid
arthritis, adalimumab, etanercept, infliximab, certolizu-
mab, golimumab, anakinra, tocilizumab, rituximab, aba-
tacept, tofacitinib, leflunomide, upadacitinib, baricitinib,
peficitinib, ruxolitinib, filgotinib, ustekinumab, guselku-
mab, secukinumab, ixekizumab, canakinumab, brodalu-
mab, sarilumab, secukinumab, sirukumab, radiographic,
radiologic, structural or progression, Sharp, van der
Heijde, Genant or Larsen. The search was limited to
English language literature without a time limit. The last
search was performed on February 6, 2020. The refer-
ences of the selected articles were manually reviewed to
identify additional relevant publications. Unpublished
study enrolment dates were searched on ClinicalTrials.
gov, fda.gov using, when available, the study identifica-
tion number from publications. Pharmaceutical compa-
nies were also contacted to obtain unpublished data.
Abstracts were not included as these contain insufficient
detailed information.

The retrieved citations were managed using EndNote.
One reviewer performed a selection based on titles and

abstracts using predefined inclusion and exclusion cri-
teria. The selected citations were discussed among two
authors and included by consensus. To be included, arti-
cles had to contain data collected from any RCT per-
formed by pharmaceutical companies for treatment
registration (and their open-label extensions) or to
further support the inhibition of radiographic progres-
sion, involving adult patients with RA (age >18 years).
Articles with the following characteristics were excluded:
investigator initiated and strategy studies, pediatric popu-
lation, non-RA, languages other than English, no radio-
graphic results reported, review articles, guidelines
papers, case reports, commentary or letters. Based on
this screening, full-text articles were obtained for more
detailed reviewing.

Data extraction

An electronic form was used for the data extraction. The
study characteristics including study design, patient
enrolment dates, all relevant baseline demographics, clin-
ical characteristics and all baseline and follow-up radio-
graphic data were recorded. Trials were divided into
methotrexate (MTX)-naive, MTX inadequate responder
(IR), DMARDs IR, or tumour necrosis factor-alpha inhi-
bitors (TNFi) IR populations. The Larsen method was
included in the literature search; however, this was used
only in a limited number of older RCTs for which we have
also results with the Sharp method. Therefore, we
decided to exclude reporting data based on the Larsen
method. A detailed data extraction flow chart is depicted
in online supplementary figure 1.

RESULTS

A total of 1170 publications were identified in PubMed.
Based on title and abstract review, 1002 publications were
excluded because they did not include the population or
intervention of interest, did not report radiographic
results, were not randomised, controlled trials or were
not performed by pharmaceutical companies. The
remaining 168 publications were read full text. Of these,
104 manuscripts describing the results of 52 RA trials were
included and were used for data extraction. A flow dia-
gram summarising the screening and selection of articles
is shown in figure 1.

The 52 included RCTs are presented in table 1. The
MTX-naive group included 17 RCTs (2 of a conventional
synthetic DMARD (csDMARD) (leflunomide), 10 of
a TNFi (adalimumab, certolizumab, etanercept, golimu-
mab, infliximab) and 5 of a non-TNFi bDMARD or
tsDMARD (abatacept, baricitinib, rituximab, tocilizumab,
tofacitinib). MTX was mostly used as comparator. The
MTX IR group included 23 RCTs (12 trials of TNFi (ada-
limumab, certolizumab, etanercept, golimumab, inflixi-
mab, biosimilar of etanercept, biosimilar of infliximab)
and 11 of non-TNFi bDMARD or tsDMARD (anakinra,
abatacept, baricitinib, denosumab, peficitinib, sarilumab,
tocilizumab, tofacitinib, upadacitinib)) again with MTX
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N=1170
06.Feb.2020

Excluded based on title
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N=64

Included manuscripts

] N=104
Representing 52 RCTs

Figure 1 Flow chart of the trial selection process.

as the most frequently used comparator. MTX IR trials
enrolled 77-651 patients in the comparator group and
85—651 patients in the treatment group. The DMARD IR
group included 9 RCTs (1 ¢sDMARD (leflunomide), 4
TNFi (certolizumab, etanercept, golimumab) and 4 non-
TNFi bDMARDs and tsDMARDs (baricitinib, sirukumab,
tocilizumab)), which included 91-556 patients in the
comparator group and 102-557 patients in the treatment
group. There were three trials conducted in a TNFi IR
population investigating adalimumab, rituximab and
secukinumab, which studied 16-214 patients in the com-
parator group and 17-308 patients in the treatment

group.

Main patient characteristics at baseline

The main baseline demographic and clinical characteris-
tics of the patients included in the 52 trials are reported in
table 2. MTX-naive trials generally included patients with
short disease duration (mean duration per treatment
group was less than a year), while MTX IR trials had
alonger mean disease duration per treatment arm (1.7—
11 years). Rheumatoid factor (RF) positivity was reported

in 48 out of 52 trials (92.3%), and anti-citrullinated pro-
tein antibody (ACPA) positivity was described in 20 out of
52 trials (38.5%). In recent trials, the proportion of RF or
ACPA positive patients increased (online supplementary
figure 2). The majority of patients has high level of dis-
ease activity (table 2).

Scoring methodology

The description of the radiographic methodology used in
each trial is shown in table 3. Conventional radiography
(CR) of hands and feet was performed in all trials, except
for IL-1Ra, where only hands were included. CRs were
usually evaluated by two readers. However, several trials,
such as leflunomide trials,11 ILl-Ra,27 PRIZE?? and
CAMEO™ trial, only one reader scored CRs. When CRs
were scored by two readers, the average score of the two
readers was reported. The inter-reader and intra-reader
intraclass correlation coefficients of status scores were
reported in several RCTs and showed a high reliability
of the measurements between readers and within
a reader. The readers employed the Sharp method, the
van der Heijde modification of the Sharp (SvdH) method
or the Genant modification of the Sharp (GS) method.
All methods include separate scores for erosions (ES) and
joint space narrowing (JSN) that add to a total score. The
maximum total score is 398 for the Sharp method, 448 for
the SvdH and 290 for the GS method. Results were
reported for the total score, as well as for the separate
scores, per treatment arm. The change (A) in radio-
graphic scores, which represents the difference between
the scores at the follow-up visit and the scores at baseline,
was the main outcome. A variety of approaches were used
to deal with missing data, including linear extrapolation
(LE), last observation carried forward and multiple impu-
tation methods. For the patients who withdrew early or
who received rescue medication, CR scores were usually
estimated by LE of the scores from the radiographs taken
at an early visit.

Radiographic results of the trials

Online supplementary table 1 presents the radio-
graphic outcomes of all 52 trials until l-year follow-
up. The table is organised per scoring method (Gen-
ant, Sharp-van der Heijde and Sharp), and thereafter
per patient population (MTX-naive, MTX-IR, DMARD-
IR, TNFi-IR). Per arm (intervention and control) the
mean (SD), median (IQR) and range of the total
score, erosion score and JSN score at baseline is pre-
sented. This is followed by the mean (SD) and median
(IQR) change scores at 6 months and at 1 year. Finally,
the percentage of non-progressors is presented. Non-
progression in the RCTs is defined as: the number (%)
of patients with <3 units of change in erosion scores at
follow-up compared with baseline, the number (%) of
patients with <0 units of change in total, erosion or
JSN scores, the number (%) of patients with <0.5 units
of change in scores, the number (%) of patients with <
smallest detectable difference (SDD), the number (%)
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— i of patients with < smallest detectable change (SDC).
2 § o The SDD is defined as the smallest difference between
2 g z g3 two independent measurements (ie, patients) that can
g é 8 2 §_ £ be interpreted as a ‘real’ difference beyond measure-
e B > 8 8 ment error, while the SDC represents the SDC beyond
< 29 measurement between two successive scores of the
S 63,-';; same patient.’?
:é g -é Of the 52 studies, 37 studies were analysed using t}.le
2 < £ SvdH scoring method. From the§e, 8 were conducted in
® E E % ;g early RA (EA) patient Populatlons ;.md 29 were con-
gl 3|, = g % ducted in established patient populathns. The basehr.le
E’ L 3 £ 8 total SvdH score were 5-25 in EA trials and 9-79 in
5 § 2 22 £ é _§ established RA trialls (online suplplemeﬁltary ﬁ'gu{)e 3)1.. In
E & 25 both patient populations, no clear change in baseline
Elu § 2= % g % ﬂ; total SIz/dH score was observed over the years.
> = o
% gl z % 5 Long-term extension (LTE) trials
S = —$ $ 3 There were 22 LTE trials as shown in online supplemen
2 o £82 tary table 2. All trials have a follow-up of 2 years and
3 '§ 5 _E § several an additional follow-up up to 10 years in one trial.
a 8 s © Og¢c
§ 5 2 % €83 Withdrawal or tapering trials .
7] | K s §. & g2 g Finally, the data of the 7 trials that i’nvestigated radio-
> é— § ¥ g % w graphic progression after tapering or withdrawal are sum-
5 3 g s 5 _g'é = marised in online supplementary table 3.
t . = a g © 2
g g % % Té— %% g % DISCUSSION
o a o (Shue] T
4 g’ . Co -é £ E éﬁ g% This is the first overview of radiographic data from all
g E = § % % g RCTs performed by pharmaceutical companies to .obtain
g B i g c &% E registration for new drugs that inhibit radiographic pro-
8 T Sm 2 S u -(% S gression in RA or to further support their efficacy. As such
£ 3 8 23 EQ ‘g_.g this provides a rich source of information for planning
< & g2 £ g 2 %_E 3 future trials with radiographic damage as an outcome.
- g2 288 £%85 Fifty-two trials (7 trials used the GS method, 7 the Sharp
c'9 283 3 & % = method and 38 the SvdH method) conducted over
5 2 8 £ 2% S3=% 26 years have included a wide variety of.RA- patient popu-
g ® % E g 8 g g fé =3 lations. Over time, there has been no significant decline
E § E_E’ S ;E,% 3 %§ § in the mean baseline radiographic score in the RCTs
zZ 9 [« .o e § ¢ § = fclé =2 gé T (online supplementary table 1 and figure 3). This resulé
% o g:«j 523 g,_ % ; 32 & is different.from the previous study by Rahm.an et al.
'é g 8 7 E § ig £ °g é’.é E2Y They described a dramatl.c decrease in .severlty of RA
2 - 28 ‘5,_%‘ g3 :g £§ °8 3 g o patients who participateq in the TNFl .trlals. There are
g £ £u g Q %_ g 3 'é ° & 2 82 % several possible explanations on this dlsc?epar.lcy. First,
s é ® = S o % 2 é 223 = = 280 the previous study included only 5 trials in 21;/[TX-
2 © g ﬁ -l e ¢ g3 g_ 85 25 :% experienced population. It used to ATTRACT trial™ con-
= e b % g 3o § % 3 § 5§ < g 8 ducted in 1999 as an anchor study that had the highest
-% 2 g 2 g 23 E 2. § :ch baseline radiog}"aphic score out of all the trials so far. If
g 8 |t L | %82 é _g e % § fr 2 -% % 3 ATTRACT trial®® is used as the reference point, the scat-
§ g é 2 el E "'EJ 52 33 9 % (2 32 g ter plot is likely to show a negative slope. S.ec-ond, .the
g 2 % é % *q;:‘) 'E g_ S2E ) e actual severity may have decrf.:ase.d, but the chn.lcal trl.als
o|e w8 -% § z g S8 E °g § S 3 have adapted the inclusion criteria to select patients w1th
S E X H3 2 es é 'é £3 § s 3 £ 5 g a high propensity for progression. For example, there is
% s T % 68 E c ié > s = g g%é a trend that recent trials included more RF or ACPA
SIF £ < § § 2 E 5 é g_ -g)ﬁ "d(,,: % g o positive pati.ents. Som? trials- even.requlred the pr’c;ser.lce
o |2 é X g % _gg 2 § ((J*a 58 58 of bone erosions as an inclusion crlterlo.n.larlzlo(rllghl trlalf
o5 I |E 3 = 2 S8 E S05 = § 8 conducted since 2010, (.54.7% of the trials a the man
E E-lE >R EFEHZGES datory presence of erosions, as compared with 28.6% of
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3 Rheumatoid arthritis

the studies prior to 2009. However, overall it is difficult to
compare the true trend as data are obtained by different
scoring methods and within the same scoring method by
different readers. This may all result in variation of the
scores, which may challenge the interpretation over time.

In clinical trials, missing values are inevitable. Because
missing values can be a potential source of bias, various
methods have been proposed to deal with this issue. LE has
been the most widely used method in RA clinical trials. In
this overview, 37 trials (71.2%), especially the older trials,
employed LE methods. However, currently, the use of all
available data in mixed models are the preferred method
of analysis. For more detail, we refer to the literature.®®

In conclusion, we summarised radiographic data from
clinical trials used for the registration of drugs for the
treatment of RA. This may serve as a repository for design-
ing future clinical trials in RA with structural damage as
an endpoint.

Acknowledgements The authors thank Jan Schoonese, librarian at the Leiden
University Medical Center, for his advice.

Contributors All authors discussed and formulated the clinical questions and
interpreted the results. YJP, AMG and DvdH collected the data, performed the
analysis and wrote the manuscript. All authors read and critically reviewed the
manuscript prior to submission.

Funding The authors have not declared a specific grant for this research from any
funding agency in the public, commercial or not-for-profit sectors.

Competing interests DvdH received consulting fees from AbbVie, Amgen, Astellas,
AstraZeneca, BMS, Boehringer Ingelheim, Celgene, Cyxone, Daiichi, Eisai, Eli-Lilly,
Galapagos, Gilead, Glaxo-Smith-Kline, Janssen, Merck, Novartis, Pfizer, Regeneron,
Roche, Sanofi, Takeda, UCB Pharma and is Director of Imaging Rheumatology bv.

Patient consent Not required.
Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement Data sharing not applicable as no datasets generated and/
or analysed for this study.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iDs
Yune-Jung Park http://orcid.org/0000-0002-7346-0820
Desirée van der Heijde http://orcid.org/0000-0002-5781-158X

REFERENCES

1 Aletaha D, Smolen JS. Diagnosis and management of rheumatoid
arthritis: a review. JAMA 2018;320:1360-72.

2 Smolen JS, Landewe RBM, Bijlsma JWJ, et al. EULAR
recommendations for the management of rheumatoid arthritis with
synthetic and biological disease-modifying antirheumatic drugs: 2019
update. Ann Rheum Dis 2020;annrheumdis-2019-216655.

3 Services USDoHaH, Administration FaD, (CDER) CfDEaR, et al.
Guidance for industry clinical development programs for drugs,
devices, and biological products for the treatment of Rheumatoid
Arthritis (RA). Available https://www.fda.gov/regulatory-information/
search-fda-guidance-documents/clinical-development-programs-
drugs-devices-and-biological-products-treatment-rheumatoid-arthritis

4 (CHMP) CfMPfHU. Guideline on clinical investigation of medicinal
products for the treatment of rheumatoid arthritis. Available https://www.
ema.europa.eu/en/documents/scientific-guideline/guideline-clinical-
investigation-medicinal-products-treatment-rheumatoid-arthritis_en.pdf

5 Landewe R, Strand V, van der Heijde D. From inhibition of radiographic
progression to maintaining structural integrity: a methodological

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

framework for radiographic progression in rheumatoid arthritis and
psoriatic arthritis clinical trials. Ann Rheum Dis 2013;72:1113-17.
Rahman MU, Buchanan J, Doyle MK, et al. Changes in patient
characteristics in anti-tumour necrosis factor clinical trials for
rheumatoid arthritis: results of an analysis of the literature over the past
16 years. Ann Rheum Dis 2011;70:1631-40.

Strand V, Sharp JT. Radiographic data from recent randomized
controlled trials in rheumatoid arthritis: what have we learned? Arthritis
Rheum 2003;48:21-34.

Sackett DL, Rosenberg WM, Gray JA, et al. Evidence based medicine:
what it is and what it isn’t. BMJ 1996;312:71-2.

Arnett FC, Edworthy SM, Bloch DA, et al. The American Rheumatism
Association 1987 revised criteria for the classification of rheumatoid
arthritis. Arthritis Rheum 1988;31:315-24.

Aletaha D, Neogi T, Silman AJ, et al. Rheumatoid arthritis classification
criteria: an American College of Rheumatology/European League
Against Rheumatism collaborative initiative. Arthritis Rheum
2010;2010:2569-81.

Sharp JT, Strand V, Leung H, et al. Treatment with leflunomide slows
radiographic progression of rheumatoid arthritis: results from three
randomized controlled trials of leflunomide in patients with active
rheumatoid arthritis. Leflunomide Rheumatoid Arthritis Investigators
Group. Arthritis Rheum 2000;43:495-505.

Bathon JM, Martin RW, Fleischmann RM, et al. A comparison of
etanercept and methotrexate in patients with early rheumatoid arthritis.
N Engl J Med 2000;343:1586-93.

St Clair EW, van der Heijde DM, Smolen JS, et al. Combination of
infliximab and methotrexate therapy for early rheumatoid arthritis:

a randomized, controlled trial. Arthritis Rheum 2004;50:3432-43.
Breedveld FC, Weisman MH, Kavanaugh AF, et al. The PREMIER
study: a multicenter, randomized, double-blind clinical trial of
combination therapy with adalimumab plus methotrexate versus
methotrexate alone or adalimumab alone in patients with early,
aggressive rheumatoid arthritis who had not had previous
methotrexate treatment. Arthritis Rheum 2006;54:26-37.

Emery P, Breedveld FC, Hall S, et al. Comparison of methotrexate
monotherapy with a combination of methotrexate and etanercept in
active, early, moderate to severe rheumatoid arthritis (COMET):

a randomised, double-blind, parallel treatment trial. Lancet
2008;372:375-82.

Emery P, Fleischmann R, van der Heijde D, et al. The effects of
golimumab on radiographic progression in rheumatoid arthritis: results
of randomized controlled studies of golimumab before methotrexate
therapy and golimumab after methotrexate therapy. Arthritis Rheum
2011;63:1200-10.

Tak PP, Rigby WF, Rubbert-Roth A, et al. Inhibition of joint damage and
improved clinical outcomes with rituximab plus methotrexate in early
active rheumatoid arthritis: the IMAGE trial. Ann Rheum Dis
2011;70:39-46.

Kavanaugh A, Fleischmann RM, Emery P, et al. Clinical, functional and
radiographic consequences of achieving stable low disease activity
and remission with adalimumab plus methotrexate or methotrexate
alone in early rheumatoid arthritis: 26-week results from the
randomised, controlled OPTIMA study. Ann Rheum Dis
2013;72:64-71.

Westhovens R, Robles M, Ximenes AC, et al. Clinical efficacy and
safety of abatacept in methotrexate-naive patients with early
rheumatoid arthritis and poor prognostic factors. Ann Rheum Dis
2009;68:1870-7.

Takeuchi T, Yamanaka H, Ishiguro N, et al. Adalimumab, a human
anti-TNF monoclonal antibody, outcome study for the prevention of
joint damage in Japanese patients with early rheumatoid arthritis: the
HOPEFUL 1 study. Ann Rheum Dis 2014;73:536-43.

Burmester GR, Rigby WF, van Vollenhoven RF, et al. Tocilizumab in
early progressive rheumatoid arthritis: FUNCTION, a randomised
controlled trial. Ann Rheum Dis 2016;75:1081-91.

Emery P, Hammoudeh M, FitzGerald O, et al. Sustained remission with
etanercept tapering in early rheumatoid arthritis. N Engl J Med
2014;371:1781-92.

Lee EB, Fleischmann R, Hall S, et al. Tofacitinib versus methotrexate in
rheumatoid arthritis. N Engl J Med 2014;370:2377-86.

Atsumi T, Yamamoto K, Takeuchi T, et al. The first double-blind,
randomised, parallel-group certolizumab pegol study in
methotrexate-naive early rheumatoid arthritis patients with poor
prognostic factors, C-OPERA, shows inhibition of radiographic
progression. Ann Rheum Dis 2016;75:75-83.

Emery P, Bingham CO 3rd, Burmester GR, et al. Certolizumab pegol in
combination with dose-optimised methotrexate in DMARD-naive
patients with early, active rheumatoid arthritis with poor prognostic
factors: 1-year results from C-EARLY, a randomised, double-blind,
placebo-controlled phase Il study. Ann Rheum Dis 2017;76:96-104.

Park Y-J, et al. RMD Open 2020;6:6001277. doi:10.1136/rmdopen-2020-001277

1


http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-7346-0820
http://orcid.org/0000-0002-5781-158X
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/clinical-development-programs-drugs-devices-and-biological-products-treatment-rheumatoid-arthritis
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/clinical-development-programs-drugs-devices-and-biological-products-treatment-rheumatoid-arthritis
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/clinical-development-programs-drugs-devices-and-biological-products-treatment-rheumatoid-arthritis
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-clinical-investigation-medicinal-products-treatment-rheumatoid-arthritis_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-clinical-investigation-medicinal-products-treatment-rheumatoid-arthritis_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/guideline-clinical-investigation-medicinal-products-treatment-rheumatoid-arthritis_en.pdf

26

27

28

29

30

Fleischmann R, Schiff M, van der Heijde D, et al. Baricitinib,
methotrexate, or combination in patients with rheumatoid arthritis and
no or limited prior disease-modifying antirheumatic drug treatment.
Arthritis Rheum 2017;69:506-17.

Jiang Y, Genant HK, Watt I, et al. A multicenter, double-blind,
dose-ranging, randomized, placebo-controlled study of recombinant
human interleukin-1 receptor antagonist in patients with rheumatoid
arthritis: radiologic progression and correlation of Genant and Larsen
scores. Arthritis Rheun 2000;43:1001-9.

Maini R, St Clair EW, Breedveld F, et al. Infliximab (chimeric anti-tumour
necrosis factor alpha monoclonal antibody) versus placebo in
rheumatoid arthritis patients receiving concomitant methotrexate:
arandomised phase Il trial. ATTRACT Study Group. Lancet
1999;354:1932-9.

Keystone EC, Kavanaugh AF, Sharp JT, et al. Radiographic, clinical,
and functional outcomes of treatment with adalimumab (a human
anti-tumor necrosis factor monoclonal antibody) in patients with active
rheumatoid arthritis receiving concomitant methotrexate therapy:

a randomized, placebo-controlled, 52-week trial. Arthritis Rheum
2004;50:1400-11.

Kremer JM, Genant HK, Moreland LW, et al. Effects of abatacept in
patients with methotrexate-resistant active rheumatoid arthritis:

a randomized trial. Ann Intern Med 2006;144:865-76.

44

45

46

47

48

49

Yoo DH, Racewicz A, Brzezicki J, et al. A phase Ill randomized study to
evaluate the efficacy and safety of CT-P13 compared with reference
infliximab in patients with active rheumatoid arthritis: 54-week results
from the PLANETRA study. Arthritis Res Ther 2016;18:82.

Genovese MC, Fleischmann R, Kivitz AJ, et al. Sarilumab plus
methotrexate in patients with active rheumatoid arthritis and
inadequate response to methotrexate: results of a Phase Ill Study.
Arthritis Rheum 2015;67:1424-37.

Taylor PC, Keystone EC, van der Heijde D, et al. Baricitinib versus
placebo or adalimumab in rheumatoid arthritis. N Engl J Med
2017;376:652-62.

Emery P, Vencovsky J, Sylwestrzak A, et al. 52-week results of the
phase 3 randomized study comparing SB4 with reference etanercept in
patients with active rheumatoid arthritis. Rheumatology (Oxford)
2017;56:2093-101.

Smolen JS, Choe J-Y, Prodanovic N, et al. Comparing biosimilar SB2
with reference infliximab after 54 weeks of a double-blind trial: clinical,
structural and safety results. Rheumatology (Oxford) 2017;56:1771-9.
Takeuchi T, Tanaka Y, Tanaka S, et al. Efficacy and safety of peficitinib
(ASPO015K) in patients with rheumatoid arthritis and an inadequate
response to methotrexate: results of a phase Ill randomised,
double-blind, placebo-controlled trial (RAJ4) in Japan. Ann Rheum Dis
2019;78:1305-19.

31 Kremer JM, Blanco R, Brzosko M, et al. Tocilizumab inhibits structural 50 Fleischmann R, Pangan AL, Song I-H, et al. Upadacitinib versus
joint damage in rheumatoid arthritis patients with inadequate placebo or adalimumab in patients with rheumatoid arthritis and an
responses to methotrexate: results from the double-blind treatment inadequate response to methotrexate: results of a Phase lII,
phase of a randomized placebo-controlled trial of tocilizumab safety double-blind, randomized controlled trial. Arthritis Rheum
and prevention of structural joint damage at one year. Arthritis Rheum 2019;71:1788-800.
2011;63:609-21. 51 Klareskog L, van der Heijde D, de Jager JP, et al. Therapeutic effect of

32 Keystone E, Heijde D, Mason D Jr., et al. Certolizumab pegol plus the combination of etanercept and methotrexate compared with each
methotrexate is significantly more effective than placebo plus treatment alone in patients with rheumatoid arthritis: double-blind
methotrexate in active rheumatoid arthritis: findings of a fifty-two-week, randomised controlled trial. Lancet 2004;363:675-81.
phase Ill, multicenter, randomized, double-blind, placebo-controlled, 52 Nishimoto N, Hashimoto J, Miyasaka N, et al. Study of active controlled
parallel-group study. Arthritis Rheun 2008;58:3319-29. monotherapy used for rheumatoid arthritis, an IL-6 inhibitor

33 Smolen J, Landewe RB, Mease P, et al. Efficacy and safety of (SAMURAI): evidence of clinical and radiographic benefit from an x ray
certolizumab pegol plus methotrexate in active rheumatoid arthritis: the reader-blinded randomised controlled trial of tocilizumab. Ann Rheum
RAPID 2 study. A randomised controlled trial. Ann Rheum Dis Dis 2007;66:1162-7.
2009;68:797-804. 53 Takeuchi T, Harigai M, Tanaka Y, et al. Golimumab monotherapy in

34 Keystone EC, Genovese MC, Klareskog L, et al. Golimumab, a human Japanese patients with active rheumatoid arthritis despite prior
antibody to tumour necrosis factor {alpha} given by monthly treatment with disease-modifying antirheumatic drugs: results of the
subcutaneous injections, in active rheumatoid arthritis despite phase 2/3, multicentre, randomised, double-blind, placebo-controlled
methotrexate therapy: the GO-FORWARD Study. Ann Rheum Dis GO-MONO study through 24 weeks. Ann Rheum Dis 2013;72:1488-95.
2009;68:789-96. 54 TanakaY, Yamamoto K, Takeuchi T, et al. Long-term efficacy and safety

35 Keystone E, Genovese MC, Klareskog L, et al. Golimumab in patients of certolizumab pegol in Japanese rheumatoid arthritis patients who
with active rheumatoid arthritis despite methotrexate therapy: 52-week could not receive methotrexate: 52-week results from an open-label
results of the GO-FORWARD study. Ann Rheum Dis 2010;69:1129-35. extension of the HIKARI study. Mod Rheum 2014;24:725-33.

36 Tanaka Y, Harigai M, Takeuchi T, et al. Golimumab in combination with 55 Takeuchi T, Miyasaka N, Zang C, et al. A phase 3 randomized,
methotrexate in Japanese patients with active rheumatoid arthritis: double-blind, multicenter comparative study evaluating the effect of
results of the GO-FORTH study. Ann Rheum Dis 2012;71:817-24. etanercept versus methotrexate on radiographic outcomes, disease

37 Keystone EC, Pope JE, Thorne JC, et al. Two-year radiographic and activity, and safety in Japanese subjects with active rheumatoid
clinical outcomes from the Canadian methotrexate and etanercept arthritis. Mod Rheum 2013;23:623-33.
outcome study in patients with rheumatoid arthritis. Rheumatology 56 Kivitz A, Olech E, Borofsky M, et al. Subcutaneous tocilizumab versus
(Oxford) 2016;55:327-34. placebo in combination with disease-modifying antirheumatic drugs in

38 Yamamoto K, Takeuchi T, Yamanaka H, et al. Efficacy and safety of patients with rheumatoid arthritis. Arthritis Care Res (Hoboken)
certolizumab pegol without methotrexate co-administration in 2014,;66:1653-61.

Japanese patients with active rheumatoid arthritis: the HIKARI 57 Takeuchi T, Thorne C, Karpouzas G, et al. Sirukumab for rheumatoid
randomized, placebo-controlled trial. Mod Rheum 2014;24:552-60. arthritis: the phase Il SIRROUND-D study. Ann Rheum Dis

39 Dougados M, Kissel K, Sheeran T, et al. Adding tocilizumab or 2017;76:2001-8.
switching to tocilizumab monotherapy in methotrexate inadequate 58 Dougados M, van der Heijde D, Chen Y-C, et al. Baricitinib in patients
responders: 24-week symptomatic and structural results of a 2-year with inadequate response or intolerance to conventional synthetic
randomised controlled strategy trial in rheumatoid arthritis (ACT-RAY). DMARDs: results from the RA-BUILD study. Ann Rheum Dis
Ann Rheum Dis 2013;72:43-50. 2005;64:88-95.

40 van der Heijde D, Tanaka Y, Fleischmann R, et al. Tofacitinib 59 Keystone E, Emery P, Peterfy CG, et al. Rituximab inhibits structural
(CP-690,550) in patients with rheumatoid arthritis receiving joint damage in patients with rheumatoid arthritis with an inadequate
methotrexate: twelve-month data from a twenty-four-month phase Il response to tumour necrosis factor inhibitor therapies. Ann Rheum Dis
randomized radiographic study. Arthritis Rheum 2013;65:559-70. 2005;64:216-21.

41 Weinblatt ME, Bingham CO 3rd, Mendelsohn AM, et al. Intravenous 60 Chatzidionysiou K, Turesson C, Teleman A, et al. A multicentre,
golimumab is effective in patients with active rheumatoid arthritis randomised, controlled, open-label pilot study on the feasibility of
despite methotrexate therapy with responses as early as week 2: results discontinuation of adalimumab in established patients with rheumatoid
of the phase 3, randomised, multicentre, double-blind, arthritis in stable clinical remission. RMD Open 2016;2:e000133.
placebo-controlled GO-FURTHER trial. Ann Rheum Dis 2013;72:381-9. 61 Tahir H, Deodhar A, Genovese M, et al. Secukinumab in active

42 Weinblatt ME, Schiff M, Valente R, et al. Head-to-head comparison of rheumatoid arthritis after anti-TNFa therapy: a randomized,
subcutaneous abatacept versus adalimumab for rheumatoid arthritis: double-blind Placebo-controlled Phase 3 Study. Rheum Ther
findings of a phase lllb, multinational, prospective, randomized study. 2017;4:475-88.

Arthritis Rheum 2013;65:28-38. 62 Bruynesteyn K, Boers M, Kostense P, et al. Deciding on progression of

43 Takeuchi T, Tanaka Y, Ishiguro N, et al. Effect of denosumab on joint damage in paired films of individual patients: smallest detectable
Japanese patients with rheumatoid arthritis: a dose-response study of difference or change. Ann Rheum Dis 2005;64:179-82.

AMG 162 (Denosumab) in patients with rheumatold arthritis on 63 Landewe R, Ostergaard M, Keystone EC, et al. Analysis of integrated
methotrexate to validate inhibitory effect on bone erosion (DRIVE)-a radiographic data from two long-term, open-label extension studies of
12-month, multicentre, randomised, double-blind, placebo-controlled, adalimumab for the treatment of rheumatoid arthritis. Arthritis Care Res
phase Il clinical trial. Ann Rheum Dis 2016;75:983-90. (Hoboken) 2015;67:180-6.

12 Park Y-J, et al. RMD Open 2020;6:¢001277. doi:10.1136/rmdopen-2020-001277



	INTRODUCTION
	METHODS
	Data extraction

	RESULTS
	Main patient characteristics at baseline
	Scoring methodology
	Radiographic results of the trials
	Long-term extension (LTE) trials
	Withdrawal or tapering trials

	DISCUSSION
	Contributors
	Funding
	Competing interests
	Patient consent
	Provenance and peer review
	Data sharing statement
	ORCID iDs
	REFERENCES

