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Rheumatoid arthritis (RA) is a chronic disease 
that causes progressive articular damage and 
results in a wide range of systemic symptoms 
due to the associated inflammation. Treatment 
paradigms are well established for RA. Methotrexate, 
a conventional synthetic disease-modifying 
antirheumatic drug (csDMARD), is the first-line 
therapeutic in the US, Japan, and five major EU 
markets (France, Germany, Italy, Spain, and the 
UK)1. Further lines of approved therapeutics are 
prescribed to DMARD-resistant patients, with the 
anti-TNFs being the major class of biologics in 
this space. Other approved biologics (Actemra, 
Orencia, and Rituxan) that target different immune 
regulatory pathways are generally prescribed as 

next-line biologics. More recently, in 2012, a new 
oral therapy, Pfizer’s Janus protein kinase (JAK) 
1/3 inhibitor Xeljanz, was approved, opening the 
door to a novel therapeutic approach. Despite 
the many approved RA therapeutics, at least one 
third of patients remain, or become, unresponsive 
to treatment2. Because of this continued unmet 
need, and the growing prevalence of RA in an aging 
population, industry interest in RA drug development 
remains high. This analysis, using Trialtrove clinical 
data, explores the recent clinical landscape, with an 
eye towards highlighting programs seeking durable 
treatment paradigms, and assessing where the 
market is heading.
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1. Datamonitor Healthcare’s Treatment: Rheumatoid Arthritis, February 2017.
2. Hyrich KL, Lunt M, et al. (2007) Outcomes after switching from one anti-tumor necrosis factor alpha agent to a second anti-tumor necrosis factor 
alpha agent in patients with rheumatoid arthritis: results from a large UK national cohort study. Arthritis & Rheumatology, 56(1), 13–20. Available from: 
10.1002/art.22331 [Accessed December 19, 2017].
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Clinical Trials Activity for RA: Cytokine Antagonists, Protein Kinase 
Inhibitors and Biosimilars Dominate
Since January 1, 2012, 209 industry-sponsored 
Phase I/II to Phase III RA studies were reported in 
Trialtrove to have been initiated, or to be planned, 
as of October 16, 2017. To assess the clinical trials 
trends in RA, several broad therapeutic categories 
for the drugs under investigation were identified: 
cytokine antagonists, biosimilars, costimulation 
antagonists, protein kinase inhibitors (PKIs), and 
novel targets, as shown in Figures 1 and 2.

The largest category, cytokine antagonists, includes 
biologics targeting either the receptor or ligand of 
various immune regulatory pathways. Nearly half 
of these studies (44 of 101) evaluated interleukin-6 
receptor (IL6R) antagonists, including 31 Roche-
sponsored studies for its approved drug, tocilizumab 
(Actemra), 10 Sanofi/Regeneron-sponsored 
sarilumab (Kevzara) studies, and three Phase II 
Ablynx trials for vobarilizumab. In addition, three 
anti-IL6 antibodies (olokizumab, clazakizumab, and 
sirukumab) were evaluated in a total of 11 trials 

during this period. An additional 18 trials in this 
category evaluated approved, branded anti-TNFs 
(Humira, Enbrel, Remicade, Cimzia, and Simponi). 
Antagonists of many other cytokine pathways 
were evaluated in another 28 trials, and these are 
summarized as “Other MOA” (Figure 1). The 15 Other 
MOA (detailed in the Figure 1 notes) represent both 
novel MOAs and attempted label expansions for 
biologics approved for other indications. 

The biosimilars category, with 32 trials initiated 
during this period, evaluated anti-TNF and anti-
CD20 biosimilars. The volume of biosimilars trials 
during this period highlights the importance of this 
development pathway as the branded anti-TNFs 
(Humira, Enbrel, Remicade), and Rituxan, lose their 
patent protections. In addition, there were seven 
trials in the costimulation antagonist category, all 
of which evaluated the approved drug abatacept 
(Orencia). 

Figure 1. Mechanisms of action for cytokine antagonists and biosimilars in Phase I/II to Phase III 
rheumatoid arthritis studies

Source: Trialtrove®, October 2017

Note: Trial counts activity as of October 16, 2017. Other MOA category includes: IL1, IL1R, IL17, IL17R, IL17/TNF bispecific antibody, 
IL20, IL21, IL12/23, CD4, colony-stimulating factor-1R, granulocyte-macrophage colony-stimulating factor 2, granulocyte-
macrophage colony-stimulating factor receptor, APRIL/BLyS, BLyS, RANK.
Abbreviations used in figure: IL=interleukin; MOA=mechanism of action; TNF=tumor necrosis factor 
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Figure 2 profiles the largely non-biologics drugs 
evaluated during this period, and includes the 
second most active category, PKIs. In total, 11 
different PKI mechanisms were evaluated in 60 
trials, of which nearly 66% were JAK PKIs. Finally, 

the nine trials evaluating seven drugs with “Novel 
MOA” reflect the low activity around developing 
RA therapeutics that go beyond the cytokine 
antagonists, PKIs, and biosimilars.

Figure 2. Mechanisms of action for protein kinase inhibitors and novel targets in Phase I/II to Phase III 
rheumatoid arthritis studies

Note: Trial counts reflect activity as of October 16, 2017.
Abbreviations in figure: Btk=Bruton’s tyrosine kinase; JAK=Janus kinase; LNRH=luteinizing hormone-releasing hormone; MMP9=matrix 
metalloproteinase 9; PI3=phosphoinositide-3; RIP1=receptor interaction protein 1; TLR4=toll-like receptor 4

Source: Trialtrove®, October 2017

While the wide variety of MOAs under investigation 
suggests fresh possibilities for RA therapeutics, 
the trial and program failures, shown in Table 1, 
reveal that less than 50% of the new pathways 
showed promise in trials during this period. Among 
the cytokine antagonists, nine of 15 “Other MOA” 
cytokine antagonists were discontinued due to 
lack of efficacy or pipeline prioritization. Biologics 
approved for psoriasis (guselkumab, ustekinumab, 

secukinumab), and Eli Lilly’s tabalumab, which failed 
in pivotal lupus studies, all proved ineffective in RA 
trials. Although Johnson & Johnson’s sirukumab’s 
five pivotal trials completed and reported positive 
outcomes3, the sponsor withdrew its regulatory 
filings due to the requirement for further clinical 
studies4. Among the 11 PKIs, six candidates were 
dropped for various reasons. Two drugs among 
the seven drugs with “Novel targets” (Johnson & 
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Table 1. Program discontinuations for rheumatoid arthritis therapeutics in recent trials

Abbreviations used in table: Btk=Bruton’s tyrosine kinase; CSF1=colony-stimulating factor-1R; JAK=Janus kinase; MMP9=matrix 
metalloproteinase 9; PI3=phosphoinositide-3

Source: Trialtrove®, October 2017

Therapeutic 
Category Drug Sponsor Mechanism of Action Termination 

Reason
Clinical  
Phase

cytokine 
antagonist

tabalumab Eli Lilly BLyS antagonist Lack of efficacy III
tregalizumab AbbVie, Biotest CD4 antagonist Lack of efficacy II
JNJ-40346527 Johnson & Johnson CSF1 receptor antagonist Lack of efficacy II

sirukumab Johnson & Johnson IL6 antagonist Drug strategy 
shift

Filing 
withdrawn

ustekinumab Johnson & Johnson IL12/IL23 antagonist Lack of efficacy II
secukinumab Novartis IL17 antagonist Lack of efficacy III

ABT-122 AbbVie IL17/TNF antagonist Pipeline 
prioritization II

fletikumab Novo Nordisk IL20 antagonist Lack of efficacy II
NNC-114-0005 Novo Nordisk IL21 antagonist Lack of efficacy II
guselkumab Johnson & Johnson IL23 antagonist Lack of efficacy II

protein 
kinase 
inhibitor

fostamatinib AstraZeneca Flt-3 kinase inhibitor Pipeline 
prioritization II

duvelisib Infinity Pharma PI3 kinase inhibitor Lack of efficacy II

MK-8457 Merck & Co. ZAP-70 kinase inhibitor Safety/Adverse 
events II

INCB-47986 Incyte JAK1 kinase inhibitor
Preclinical 
toxicology 
findings

II

itacitinib Incyte JAK1 kinase inhibitor Pipeline 
prioritization II

spebrutinib Celgene Btk inhibitor Lack of efficacy II

novel target
toreforant Johnson & Johnson Histamine H4 receptor 

antagonist Lack of efficacy II

andecaliximab Gilead MMP9 antagonist Drug strategy 
shift II

3. Janssen Pharmaceutical (2016) Janssen Pharmaceutical K.K. Submits New Drug Application for Sirukumab in Rheumatoid Arthritis in Japan. Available 
from: http://files.shareholder.com/downloads/JNJ/2512769339x0x913237/A8DC7989-449D-498E-AB0A-C1BF7C443608/Sirukumab_NDA_Press_
Release_Referenced_FINAL_4_.pdf [Accessed December 20, 2017].
4. Scrip (2017) EU Confirms Sirukumab Filing Withdrawal, J&J Moves On. Available from: https://scrip.pharmaintelligence.informa.com/SC099858/EU-
Confirms-Sirukumab-Filing-Withdrawal-JampJ-Moves-On [Accessed November 13, 2017].

Johnson’s toreforant and Gilead’s andecaliximab) 
also were discontinued. Taken together, these 
failures illustrate that the modulation of novel 
immune regulatory pathways shows little promise 

to develop new RA therapeutics, while safety and 
efficacy limitations led to some discontinuations for 
PKIs.

http://files.shareholder.com/downloads/JNJ/2512769339x0x913237/A8DC7989-449D-498E-AB0A-C1BF7C443608/Sirukumab_NDA_Press_Release_Referenced_FINAL_4_.pdf
http://files.shareholder.com/downloads/JNJ/2512769339x0x913237/A8DC7989-449D-498E-AB0A-C1BF7C443608/Sirukumab_NDA_Press_Release_Referenced_FINAL_4_.pdf
https://scrip.pharmaintelligence.informa.com/SC099858/EU-Confirms-Sirukumab-Filing-Withdrawal-JampJ-Moves-On
https://scrip.pharmaintelligence.informa.com/SC099858/EU-Confirms-Sirukumab-Filing-Withdrawal-JampJ-Moves-On
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Given the high trial activity around IL6 pathway 
antagonists, a closer look at Phase III study design 
features was taken to provide insights into any 
factors that might distinguish these drugs from 
existing therapies (Table 2). All three of these 
biologics, sarilumab, sirukumab and olokizumab, 
are evaluated in registrational trials that enroll both 
biologic- and DMARD-resistant RA patients. The 
program for Sanofi/Regeneron’s IL6R antagonist, 
sarilumab, included the active comparator, 
tocilizumab, in a pivotal safety trial, and gained 
approval evaluating only the standard efficacy 
outcomes, DAS28 and ACR20. Johnson & Johnson’s 
pivotal sirukumab study (versus adalimumab) set 
a higher efficacy bar at ACR50, but the sponsor still 
opted to discontinue the program rather than to 

run additional studies as required by the FDA4. The 
R-Pharma/UCB olokizumab program is the lone 
anti-IL6 biologic remaining in Phase III development 
for RA, and the only one evaluated solely as a 
combination therapy. Both types of treatment-
resistant populations are being enrolled, and the 
primary outcome for efficacy is ACR20. Olokizumab 
will likely face similar challenges to those of 
Actemra, which is approved for first-line therapy 
but has achieved a much lower market share than 
branded anti-TNFs5. The more limited market share 
for IL6 pathway antagonists may have influenced 
Johnson & Johnson’s decision not to pursue further 
clinical development in order to gain sirukumab 
approval for RA. 

Table 2. Study design features for Phase III and approved interleukin-6 pathway antagonists

Abbreviations used in table: AE=adverse event; IL6=interleukin-6; q2w=every two weeks; q4w=every four weeks; SC=subcutaneous 

Source: Trialtrove®, October 2017

5. Datamonitor Healthcare’s Forecast: Rheumatoid Arthritis, December 2017.

Drug Sponsor Mechanism 
of action Study design Primary outcome 

measures
Dosing 

frequency

olokizumab 
(SC) R-Pharma, UCB IL6 

antagonist

Combination with 
methotrexate; 

Active comparator: 
adalimumab

ACR20 (week 12) q2w vs 
q4w

sarilumab 
(SC)

Sanofi, 
Regeneron

IL6R 
antagonist

Monotherapy 
Active comparator: 

adalimumab;  
Monotherapy 

Active comparator: 
tocilizumab; 

Combination csDMARD

DAS28 (week 24);  
 

Safety/AEs (up to d211);  
 

ACR20 (week 24)

q2w

sirukumab 
(SC)

GlaxoSmithKline, 
J&J

IL6 
antagonist

Monotherapy; 
Monotherapy  

Active comparator: 
adalimumab

ACR20 (week 16); 
 

DAS28, ACR50 (week 24)
q2w
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Figure 3. Count of trial starts, by phase and mechanism of action, for active protein kinase inhibitor 
programs in rheumatoid arthritis

Abbreviations used in figure: Btk=Bruton’s tyrosine kinase; IL1R=interleukin-1 receptor; JAK=Janus kinase; RIP1=receptor interaction 
protein 1; TCK=T-cell kinase

Source: Trialtrove®, October 2017

Protein Kinase Inhibitors: Shifting the Paradigm for Treatment-
resistant RA
Trial activity around PKIs was robust during this 
period. While several programs were discontinued, 
many others remain active, and their trial activity 
accounts for 51 Phase II to Phase III/IV trials since 
2012 (Figure 3). The trials for the JAK1 PKIs include 
only two candidates, upadacitinib (AbbVie) and 
filgotinib (Gilead), both of which have reached Phase 
III development. Likewise, the JAK1/3 PKI trials are 
comprised of only two drugs: Astellas’s peficitinib 

and Pfizer’s approved Xeljanz. The Phase III studies 
for JAK1/2 PKIs are all Eli Lilly’s baricitinib trials. 
Thus, an apparently broad field of PKIs was actually 
dominated by only four advanced-stage drugs, 
as well as further Xeljanz studies. The other five 
categories of PKIs are still in Phase II development 
status, and their potential will not be known until 
they reach the more robust Phase III programs.

The effectiveness of the most advanced PKI 
programs within particular subpopulations (patient 
segments) can be assessed by looking at those 
trials that reported positive outcomes during this 
period (Figure 4). All of these PKI programs enrolled 
treatment-resistant RA patients (either DMARD- 
or biologic-resistant), with the exception of the 
peficitinib program, which did not specify treatment-

resistant patients for inclusion criteria. Interestingly, 
several trials that returned positive outcomes had 
a broader focus: one baricitinib trial enrolled “early” 
RA subjects (recently diagnosed), who were naïve to 
biologic therapy, while an upadacitinib trial targeted 
subjects who were treatment-naïve, and this trial 
also sought to achieve remission, an ambitious 
primary outcome. 
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Figure 4. Patient segments for Phase II–III protein kinase inhibitor trials reporting positive outcomes 

Source: Trialtrove®, October 2017

Additional analysis of the study design features of 
multinational Phase III PKI trials, including trials 
that have yet to report outcomes, was performed 
to identify distinguishing features for the active 
PKI programs (Table 3). All active PKI programs 
included a head-to-head comparison with the 
market leaders, adalimumab or etanercept, and 
upadacitinib also is being compared to abatacept 
in Phase III. Monotherapy and combination trials 
were run for baricitinib, upadacitinib, and filgotinib, 
but not for peficitinib, which is evaluating only 
combination therapy (csDMARDs, methotrexate). 
The primary outcomes for all programs include 
ACR20, but upadacitinib is noteworthy for aiming 
at the higher efficacy outcomes of remission, 
ACR50, and demonstratation of low disease 

activity (DAS28 score ≤3.2). The broad-based, 
global programs evaluating both monotherapy 
and combination therapy options parallel Pfizer’s 
registrational program for Xeljanz, although it was 
developed originally as a twice-daily formulation. 
While Astellas’s peficitinib program only evaluates 
combination therapy, it is geographically focused 
only on Japan and South Korea, and may not 
join the global competition in the near future. Eli 
Lilly’s baricitinib Phase III program has already 
successfully completed, and was approved as the 
first once-daily PKI, Olumiant6. By comparison 
with the cytokine antagonists evaluated during 
this period, the PKIs stand out as a promising class 
of therapeutics for the treatment-resistant RA 
populations. 

6. Eli Lilly (2017) European Commission Approves Once-Daily Olumiant Tablets for Treatment of Adults with Moderate-to-Severe Active Rheumatoid 
Arthritis. Available from: http://files.shareholder.com/downloads/LLY/3879936540x0x927793/FC67532A-8DCD-4C35-96B4-659ACAF30962/LLY_
News_2017_2_13_Product.pdf [Accessed December 13, 2017].
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Table 3. Study design features for Phase III and approved protein kinase inhibitors

Source: Trialtrove®, October 2017

Abbreviations in table: csDMARD=conventional synthetic disease-modifying antirheumatic drug; JAK=Janus kinase; LDA=low disease 
activity; mTSS=modified Total Sharp Score; Mtx=methotrexate

Drug Sponsor Mechanism 
of action Study design Primary outcome 

measures
Dosing 

frequency

baricitinib Eli Lilly JAK1/2

Monotherapy 
Active comparator: adalimumab ACR20 (week 12) 

Once dailyMonotherapy 
Active comparator: Mtx ACR20 (week 24)

Combination with csDMARDs ACR20 (week 12)

upadacitinib AbbVie JAK1

Combination with csDMARDs ACR20 (week 12), 
LDA (week 24)

Once daily

Monotherapy 
Active comparator: Mtx

ACR50,  
LDA (week 24)

Combination with csDMARDs 
Active comparator: adalimumab

ACR20, Remission 
(week 12)

Combination with csDMARDS 
Active comparator: abatacept

DAS28 (CRP), 
LDA (week 12)

filgotinib Galapagos, 
Giliead JAK1

Combination with csDMARDs ACR20 (week 12)

Once dailyCombination with Mtx  
Active comparator: adalimumab ACR20 (week 12)

Combination with Mtx 
Active comparator: Mtx ACR20 (week 24)

peficitinib Astellas JAK1/3
Combination with Mtx ACR20 (week 12), 

mTSS (week 28)
Once daily

With and without csDMARD 
Active comparator: etanercept ACR20 (week 12)

Biosimilars: New Competition for RA Market Leaders 
The recent clinical trial activity in RA has included 
a high volume of anti-TNF and rituximab biosimilar 
studies. To highlight how biosimilars are poised 
to impact the RA market, Figure 5 summarizes all 
programs (by sponsor and innovator type) that 
have reached Phase III in RA, or that have gained 
approval, during this time. With 24 programs 

at late stages, the biosimilars comprise an 
important therapeutic choice for RA. The programs 
for adalimumab (Humira) biosimilars top the 
competition with 10 programs, but etanercept, 
infliximab and rituximab all have four to five 
competitors, as well.
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Figure 5. Sponsorship of Phase III and approved/launched biosimilars for key biologic brands in rheumatoid 
arthritis

Source: Trialtrove®, Pharmaprojects®, October 2017

Abbreviations in figure: BI=Boehringer Ingelheim; FujiFilm=FujiFilm Kyowa Kirin Biologics
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The global competition between these various 
biosimilar products will be fierce, and their success 
in a crowded market will likely be impacted by 
how well Phase III study design features satisfy 
regulatory guidelines. While the EU adopted 
biosimilars guidance to the industry in 2004, the 
FDA first released its guidelines much later, in 
2015. In addition to the guidance to demonstrate 
biosimilarity in the US, the FDA drafted additional 
guidelines in January 2017, directing sponsors to use 
a US-licensed reference product in switching studies 
in order to demonstrate interchangeability7. Most 
biosimilars programs initiated during this time period 
did not have clear cut FDA guidelines available when 
they began. However, studies designed to “switch” 
patients between the innovator and biosimilar 
arms became the gold standard for demonstrating 
similarity to the branded drug. The important study 
design features for biosimilars that have gained 
approval in the major markets are summarized 

(Table 4) to evaluate which products were positioned 
for the widest market approval. 

Several sponsors, such as Boehringer Ingelheim, 
Amgen, and Celltrion, ran global Phase III studies 
that included switching between both EU-sourced 
and US-sourced innovator drugs, satisfying all 
regulatory requirements for both similarity and 
interchangeability. Novartis gained approval in the 
US for Erelzi (etanercept biosimilar) in August 2016, 
but did not include a US-sourced innovator in its 
Phase III studies, suggesting that eventual launch 
in the US may require additional comparisons to the 
local innovator. Likewise, for Novartis’s rituximab, 
which has gained approval only in the EU thus far, its 
program might require additional switching studies 
for the US market. Samsung Bioepis focused its 
program ex-US, a strategy that may have put speed 
to market before global approval due to the slow 
maturation of FDA guidelines for the US market.

7. FDA (2017) Considerations in Demonstrating Interchangeability With a Reference Product Guidance for Industry (Draft Guidance). Available from:
https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM537135.pdf [Accessed December 15, 2017].

https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM537135.pdf
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Source: Trialtrove®, Pharmaprojects®, October 2017

Table 4. Study design features and geographic scope of approved biosimilars programs

Sponsor Innovator drug Innovator 
source

Geographic scope 
(Phase III) Approved (Date)

Amgen adalimumab EU; US Global US (September 2016)  
EU (March 2017)

Boehringer Ingelheim adalimumab EU; US Global US (August 2017)

Boehringer Ingelheim rituximab EU; US Global Discontinued

Celltrion infliximab EU; US Global EU (October 2013)  
US (April 2016)

Celltrion rituximab EU; US Global (non-US) EU (February 2017) 

Novartis/Sandoz etanercept EU Global US (August 2016)  
EU (June 2017)

Novartis/Sandoz rituximab EU EU; US EU (July 2017)

Samsung Bioepis adalimumab EU Global (non-US) EU (August 2017) 

Samsung Bioepis etanercept EU Global (non-US) EU (January 2016) 

Samsung Bioepis infliximab No switching Global (non-US) EU (May 2016)  
US (April 2017)

8. Raimondo MJ, Biggeriogerra M, et al. (2017) Profile of sarilumab and its potential in the treatment of rheumatoid arthritis. Drug Design, Development, 
and Therapy, 11, 1593–1603. Available from: 10.2147/DDDT.S100302 [Accessed December 13, 2017].

Conclusions
The trends profiled here for RA clinical trials initiated 
since January 1, 2012 show a shift away from the 
discovery of new cytokine pathways to target with 
novel biologics, and towards more PKI development 
for the treatment-resistant population. Although 
considerable clinical activity focused on IL6 pathway 
antagonists, success was limited to the approval 
of Sanofi/Regeneron’s anti-IL6R, Kevzara, a direct 
competitor to Actemra that shows similar safety 
and efficacy8, but that is not expected to capture 
significant market share5. The growth in PKI 
development, particularly for JAK PKIs, first yielded 
an approved JAK1/3 PKI (Xeljanz) by Pfizer in 2012, 
and has continued during this period, coming to 
fruition with the approval of a once-daily JAK1/2 PKI, 
Eli Lilly’s baricitinib (Olumiant). This clinical program 
was run broadly to target both types of treatment-
resistant subpopulations plus treatment-naïve 

RA patients, thereby demonstrating considerable 
promise for the underserved RA populations. 
Other promising, once-daily JAK PKI candidates, 
upadacitinib and filgotinib, are also well advanced 
in Phase III trials for the treatment-resistant RA 
populations. In addition, opportunities for biosimilars 
arose during this period, as patents expired for anti-
TNFs and rituximab in this space. Consequently, the 
RA market of the future is likely to offer a variety 
of new PKIs for treatment-resistant patients, as 
well as branded and biosimilar versions of well-
established biologics. While RA is a mature market, it 
is not a static one. Some new players have elbowed 
into a crowded space with promise to reshape the 
paradigm for treatment-resistant patients, and the 
older biologics can expect extra competition as 
biosimilars penetrate the market.
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