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ABSTRACT

A 2021 study described the development and
validation of a blood-based precision medicine
test called the molecular signature response
classifier (MSRC) that uses 23 features to iden-
tify rheumatoid arthritis (RA) patients who are
likely nonresponders to tumor necrosis factor-a
inhibitor (TNFi) therapy. Both the gene expres-
sion features and clinical components (sex,
body mass index, patient global assessment,
and anti-cyclic citrullinated protein) included
in the MSRC were statistically significant con-
tributors to MSRC results. In response to con-
tinued inquiries on this topic, we write this
letter to provide additional insights into the
contribution of clinical components to the
MSRC on the Network-004 validation cohort.
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Key Summary Points

Despite the availability of multiple
treatment options in rheumatoid arthritis
(RA), predicting which patients will
respond to any specific therapy remains a
challenge.

The blood-based molecular signature
response classifier (MSRC) identifies adult
rheumatoid arthritis patients who are
likely nonresponders to TNFi therapies so
that they can be directed to a treatment
with an alternative mechanism of action.

The MSRC assesses 23 features, including
19 gene expression features and clinical
components [sex, body mass index (BMI),
patient global assessment and anti-cyclic
citrullinated protein (anti-CCP)].

The MSRC is a better predictor of TNFi
nonresponse than any assessed singular
clinical feature or combination of clinical
features, thereby confirming the need for
the genomic features to achieve classifier
performance characteristics.
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MAIN COMMENTARY

In 2021, we published a study describing the
development and validation of a blood-based
precision medicine test that uses 23 features to
identify rheumatoid arthritis (RA) patients who
are likely nonresponders to tumor necrosis fac-
tor-a inhibitor (TNFi) therapy [1]. As part of the
2021 study, we evaluated the accuracy of pre-
dictions of likely TNFi nonresponders derived
from a molecular signature response classifier
(MSRC) to the ACR50 response outcome at
6 months. The MSRC was validated in biologic
and targeted synthetic disease-modifying anti-
rheumatic drug (b/ts DMARD)-naı̈ve and TNFi-
exposed patients. The primary outcome mea-
sure used to define response in clinical valida-
tion of the MSRC is ACR50; however, the MSRC
predicts nonresponse according to additional
validated outcome measures including ACR20,
ACR70, Clinical Disease Activity Index (CDAI)
low disease activity, CDAI remission, Disease
Activity Score (DAS)28-C-reactive protein (CRP)
low disease activity, and DAS28-CRP remission.
The area under the receiver operating charac-
teristic curve (AUC) for TNFi nonresponse pre-
diction by the MSRC was 0.660 and 0.625 when
results from a predictive model using only the
19 gene expression features were evaluated in
an in-cohort cross-validation. Both the gene
expression features and clinical components
[sex, body mass index (BMI), patient global
assessment, and anti-cyclic citrullinated protein
(anti-CCP)] were statistically significant (Wald
test, p\0.001) contributors to MSRC results [1].
In response to continued inquiries on this topic,
we write this letter to provide additional
insights into the contribution of clinical com-
ponents to the MSRC on the Network-004
external validation cohort.

Systematic literature reviews and meta-anal-
yses of clinical studies continue to highlight the
heterogeneity in RA and the need for new
biomarkers predictive of therapeutic response
beyond data available to clinicians when
selecting a new RA therapy at the point of care
[2–6]. Several biomarkers and clinical factors
may be weakly predictive in groups of patients;
yet singly or in combination these are not

strong enough to guide treatment selection for
individuals. For example, obese RA patients
have lower clinical response rates to TNFi bio-
logics [3, 7–9]. Male sex is associated with better
response to TNFi therapy than female sex in
early, but not established, RA [10–13]. Abnor-
mally elevated levels of circulating anti-CCP is
specific and sensitive for RA development and
anti-CCP titer correlates with worse prognosis
and erosions in RA patients overall [14, 15]. In
an analysis of the AMPLE head-to-head trial,
detection of high baseline anti-CCP2 antibody
concentrations correlated with better responses
to abatacept than adalimumab in biologic-naı̈ve
RA patients [16]. Results are conflicting between
studies regarding the association of anti-CCP
antibody levels and response to TNFi therapy
[11, 17–28]. As other examples, current and past
smokers may be less likely to achieve a good
response to TNFi therapy [29–32], although
contradictory analyses also have been reported
[33]. Multivariate analyses considering clinical,
serological, and genetic features also demon-
strated an inverse association between smoking
and adequate response to TNFi [29]. High
baseline disease activity correlates with favor-
able TNFi responses [3]. Patient global assess-
ment—included in the MSRC feature set—
considers disease activity and complex under-
lying factors such as pain, depression, anxiety,
and inability to participate in daily activities
[34]. Numerous additional studies [35, 36], a
review of which are beyond the scope of this
letter, evaluated the likelihood of treatment
success with TNFi in RA, yet a clinically useful
model predicting TNFi therapeutic outcomes
from routine clinical assessments alone has not
been achieved.

In an exploratory analysis of the Network-
004 study cohort [1], and based upon the AUC
values, the MSRC was a better predictor of
ACR50 nonresponse to TNFi than any singular
clinical feature or combination of clinical fea-
tures, as evaluated in a multivariate logistic
regression model (Table 1), confirming the need
for the genomic features to achieve classifier
performance characteristics. Patients with a
signature of nonresponse according to the
MSRC were significantly more likely to inade-
quately respond to TNFi therapies than patients
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lacking a signature (odds ratio 4.11, 3.34, and
3.89 in b/ts DMARD-naı̈ve, TNFi-exposed, and
the entire cohort, respectively). In this cohort,
clinical features and their combination failed to
compare with the MSRC statistical performance
(Table 1). This indicates that the gene

Table 1 Prediction of ACR50 TNFi nonresponse in RA
by MSRC or clinical features

N AUC Odds
ratio
(95% CI)

b/ts DMARD-naı̈ve

MSRC 146 0.636 4.11

(2.02,

8.34)

BMI 146 0.513 1.54

(0.79,

2.98)

PtGA 146 0.596 2.03

(1.04,

3.96)

Male sexa 146 N/A 1.35

(0.60,

3.04)

Anti-CCP positiveb 146 N/A 0.64

(0.33,

1.24)

BMI ? PtGA ? male ? anti-

CCPc
146 0.577 2.05

(1.05,

3.97)

TNFi-exposed

MSRC 113 0.657 3.34

(1.50,

7.46)

BMI 113 0.452 1.09

(0.51,

2.33)

PtGA 113 0.627 2.57

(1.19,

5.54)

Male sex 113 N/A 1.24

(0.51,

3.04)

Anti-CCP 113 N/A 0.74

(0.35,

1.57)

Table 1 continued

N AUC Odds
ratio
(95% CI)

BMI ? PtGA ? male ? anti-

CCPc
113 0.571 1.37

(0.53,

3.54)

Combined

MSRC 259 0.640 3.06

(1.82,

5.14)

BMI 259 0.486 1.24

(0.75,

2.04)

PtGA 259 0.610 2.25

(1.36,

3.72)

Male sex 259 N/A 1.30

(0.72,

2.38)

Anti-CCP 259 N/A 0.68

(0.42,

1.12)

BMI ? PtGA ? male ? anti-

CCPc
259 0.568 1.92

(1.17,

3.16)

aGender: male is coded as 1 and female is coded as 0
bAnti-CCP: positive is coded as 1 and negative is coded as
0
cLogistic regression model of the combination was opti-
mized in the training data set; odds ratio for BMI, PtGA,
male sex, and anti-CCP in the multivariate model are 1.05,
1.01, 0.43, and 0.42, respectively
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expression features in the MSRC are important
clinical evaluations to accurately predict TNFi
nonresponse in RA patients.

In conclusion, and despite the availability of
multiple treatment options in rheumatoid
arthritis (RA), predicting which specific patients
will respond to any RA therapy remains a chal-
lenge. While characteristics such as obesity, sex,
smoking, and seropositivity for autoantibodies
have been associated with response, or lack
thereof, to some b/ts DMARDs [3, 37, 38]; clin-
ical markers in isolation or aggregate have not
been shown to be useful to predict future out-
comes in RA with sufficient accuracy to guide
individual treatment choices for individual RA
patients initiating biologics or ts DMARDs.

ACKNOWLEDGEMENTS

Funding. The work and publication fees
were supported by Scipher Medicine
Corporation.

Authorship. All named authors meet the
International Committee of Medical Journal
Editors (ICMJE) criteria for authorship for this
article, take responsibility for the integrity of
the work as a whole, and have given their
approval for this version to be published.

Author Contributions. Conceptualization:
T.M., S.D.G., and V.R.A.; methodology: T.M.,
L.Z., and A.J.; formal analysis: T.M., L.Z., A.J.,
and S.D.G.; statistical analysis: L.Z.; writing
(original, review and editing): all authors;
supervision: V.R.A., S.C., and J.R.C.; project
administration: V.R.A., S.D.G., and J.B.W.

Disclosures. Stanley Cohen has received
research grants from Amgen, Abbvie, BMS,
Genentech, Lilly, Pfizer, and Roche, and con-
sulting fees from Aclaris, Boehringer Ingelheim,
Amgen, Abbvie, Genentech, and Pfizer. Jeffrey
Curtis reported financial relationships with
AbbVie Pharmaceuticals, Amgen Inc., Bendcare,
Bristol Myer Squib Company, CorEvitas, Eli
Lilly & Company, Janssen Pharmaceuticals,
Myriad Genetics, Novartis, Pfizer Inc.,

Regeneron Pharmaceuticals Inc., Roche, Scipher
Medicine Corp., and UCB. Theodore Mellors,
Lixia Zhang, Alex Jones, Dina Ghiassian, Slava
Akmaev, and Johanna Withers are full-time
employees and shareholders of Scipher Medi-
cine Corporation.

Compliance with Ethics Guidelines. This
article is based on previously conducted studies
and does not contain any new studies with
human participants or animals performed by
any of the authors.

Data Availability. Data sharing is not
applicable to this article as no datasets were
generated or analyzed during the current study.

Open Access. This article is licensed under a
Creative Commons Attribution-NonCommer-
cial 4.0 International License, which permits
any non-commercial use, sharing, adaptation,
distribution and reproduction in any medium
or format, as long as you give appropriate credit
to the original author(s) and the source, provide
a link to the Creative Commons licence, and
indicate if changes were made. The images or
other third party material in this article are
included in the article’s Creative Commons
licence, unless indicated otherwise in a credit
line to the material. If material is not included
in the article’s Creative Commons licence and
your intended use is not permitted by statutory
regulation or exceeds the permitted use, you
will need to obtain permission directly from the
copyright holder. To view a copy of this licence,
visit http://creativecommons.org/licenses/by-
nc/4.0/.

REFERENCES

1. Cohen S, Wells AF, Curtis JR, et al. A molecular
signature response classifier to predict inadequate
response to tumor necrosis factor-alpha inhibitors:
the NETWORK-004 prospective observational
study. Rheumatol Ther. 2021;8:1159–76.

2. Daien CI, Morel J. Predictive factors of response to
biological disease modifying antirheumatic drugs:
towards personalized medicine. Mediators
Inflamm. 2014;2014: 386148.

4 Rheumatol Ther (2023) 10:1–6

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/


3. Law-Wan J, Sparfel MA, Derolez S, et al. Predictors
of response to TNF inhibitors in rheumatoid
arthritis: an individual patient data pooled analysis
of randomised controlled trials. RMD Open. 2021;7:
e001882.

4. Romano C, Esposito S, Ferrara R, et al. Tailoring
biologic therapy for real-world rheumatoid arthritis
patients. Expert Opin Biol Ther. 2021;21:661–74.

5. Wijbrandts CA, Tak PP. Prediction of response to
targeted treatment in rheumatoid arthritis. Mayo
Clin Proc. 2017;92:1129–43.

6. Madrid-Paredes A, Martin J, Marquez A. Omic
approaches and treatment response in rheumatoid
arthritis. Pharmaceutics. 2022;8:14.

7. Baker JF, Reed G, Poudel DR, et al. Obesity and
response to advanced therapies in rheumatoid
arthritis. Arthritis Care Res (Hoboken). 2022;74:
1909–16.

8. Abuhelwa AY, Hopkins AM, Sorich MJ, et al. Asso-
ciation between obesity and remission in rheuma-
toid arthritis patients treated with disease-
modifying anti-rheumatic drugs. Sci Rep.
2020;29(10):18634.

9. Lupoli R, Pizzicato P, Scalera A, et al. Impact of
body weight on the achievement of minimal dis-
ease activity in patients with rheumatic diseases: a
systematic review and meta-analysis. Arthritis Res
Ther. 2016;13(18):297.

10. Jawaheer D, Olsen J, Hetland ML. Sex differences in
response to anti-tumor necrosis factor therapy in
early and established rheumatoid arthritis—results
from the DANBIO registry. J Rheumatol. 2012;39:
46–53.

11. Hyrich KL, Watson KD, Silman AJ, et al. Predictors
of response to anti-TNF-alpha therapy among
patients with rheumatoid arthritis: results from the
British Society for Rheumatology Biologics Register.
Rheumatology (Oxford). 2006;45:1558–65.

12. Burmester GR, Ferraccioli G, Flipo RM, et al. Clini-
cal remission and/or minimal disease activity in
patients receiving adalimumab treatment in a
multinational, open-label, twelve-week study.
Arthritis Rheum. 2008;15(59):32–41.

13. Kleinert S, Tony HP, Krause A, et al. Impact of
patient and disease characteristics on therapeutic
success during adalimumab treatment of patients
with rheumatoid arthritis: data from a German
noninterventional observational study. Rheumatol
Int. 2012;32:2759–67.

14. Lewis MJ, Barnes MR, Blighe K, et al. Molecular
portraits of early rheumatoid arthritis identify

clinical and treatment response phenotypes. Cell
Rep. 2019;28:2455-2470 e5.

15. Aggarwal R, Liao K, Nair R, et al. Anti-citrullinated
peptide antibody assays and their role in the diag-
nosis of rheumatoid arthritis. Arthritis Rheum.
2009;15(61):1472–83.

16. Sokolove J, Schiff M, Fleischmann R, et al. Impact
of baseline anti-cyclic citrullinated peptide-2 anti-
body concentration on efficacy outcomes following
treatment with subcutaneous abatacept or adali-
mumab: 2-year results from the AMPLE trial. Ann
Rheum Dis. 2016;75:709–14.

17. Vasilopoulos Y, Bagiatis V, Stamatopoulou D, et al.
Association of anti-CCP positivity and carriage of
TNFRII susceptibility variant with anti-TNF-alpha
response in rheumatoid arthritis. Clin Exp
Rheumatol. 2011;29:701–4.

18. Tanaka Y, Takeuchi T, Inoue E, et al. Retrospective
clinical study on the notable efficacy and related
factors of infliximab therapy in a rheumatoid
arthritis management group in Japan: one-year
clinical outcomes (RECONFIRM-2). Mod Rheuma-
tol. 2008;18:146–52.

19. Potter C, Hyrich KL, Tracey A, et al. Association of
rheumatoid factor and anti-cyclic citrullinated
peptide positivity, but not carriage of shared epi-
tope or PTPN22 susceptibility variants, with anti-
tumour necrosis factor response in rheumatoid
arthritis. Ann Rheum Dis. 2009;68:69–74.

20. Mancarella L, Bobbio-Pallavicini F, Ceccarelli F,
et al. Good clinical response, remission, and pre-
dictors of remission in rheumatoid arthritis patients
treated with tumor necrosis factor-alpha blockers:
the GISEA study. J Rheumatol. 2007;34:1670–3.

21. Klaasen R, Cantaert T, Wijbrandts CA, et al. The
value of rheumatoid factor and anti-citrullinated
protein antibodies as predictors of response to
infliximab in rheumatoid arthritis: an exploratory
study. Rheumatology (Oxford). 2011;50:1487–93.

22. Cuchacovich M, Catalan D, Wainstein E, et al. Basal
anti-cyclic citrullinated peptide (anti-CCP) anti-
body levels and a decrease in anti-CCP titres are
associated with clinical response to adalimumab in
rheumatoid arthritis. Clin Exp Rheumatol. 2008;26:
1067–73.

23. Canhao H, Rodrigues AM, Mourao AF, et al. Com-
parative effectiveness and predictors of response to
tumour necrosis factor inhibitor therapies in
rheumatoid arthritis. Rheumatology (Oxford).
2012;51:2020–6.

24. Braun-Moscovici Y, Markovits D, Zinder O, et al.
Anti-cyclic citrullinated protein antibodies as a

Rheumatol Ther (2023) 10:1–6 5



predictor of response to anti-tumor necrosis factor-
alpha therapy in patients with rheumatoid arthritis.
J Rheumatol. 2006;33:497–500.

25. Soto L, Sabugo F, Catalan D, et al. The presence of
anti-citrullinated protein antibodies (ACPA) does
not affect the clinical response to adalimumab in a
group of RA patients with the tumor necrosis factor
(TNF) alpha-308 G/G promoter polymorphism.
Clin Rheumatol. 2011;30:391–5.

26. Lequerre T, Jouen F, Brazier M, et al. Autoantibod-
ies, metalloproteinases and bone markers in
rheumatoid arthritis patients are unable to predict
their responses to infliximab. Rheumatology
(Oxford). 2007;46:446–53.

27. Bobbio-Pallavicini F, Caporali R, Alpini C, et al.
High IgA rheumatoid factor levels are associated
with poor clinical response to tumour necrosis
factor alpha inhibitors in rheumatoid arthritis. Ann
Rheum Dis. 2007;66:302–7.

28. Bruns A, Nicaise-Roland P, Hayem G, et al.
Prospective cohort study of effects of infliximab on
rheumatoid factor, anti-cyclic citrullinated peptide
antibodies and antinuclear antibodies in patients
with long-standing rheumatoid arthritis. Joint Bone
Spine. 2009;76:248–53.

29. Saevarsdottir S, Wedren S, Seddighzadeh M, et al.
Patients with early rheumatoid arthritis who smoke
are less likely to respond to treatment with
methotrexate and tumor necrosis factor inhibitors:
observations from the epidemiological investiga-
tion of rheumatoid arthritis and the Swedish
rheumatology register cohorts. Arthritis Rheum.
2011;63:26–36.

30. Soderlin MK, Petersson IF, Geborek P. The effect of
smoking on response and drug survival in
rheumatoid arthritis patients treated with their first
anti-TNF drug. Scand J Rheumatol. 2012;41:1–9.

31. Mattey DL, Brownfield ANN, Dawes PT. Relation-
ship between pack-year history of smoking and
response to tumor necrosis factor antagonists in
patients with rheumatoid arthritis. J Rheumatol.
2009;36:1180–7.

32. Abhishek A, Butt S, Gadsby K, et al. Anti-TNF-alpha
agents are less effective for the treatment of
rheumatoid arthritis in current smokers. J Clin
Rheumatol. 2010;16:15–8.

33. Karaahmet OZ, Bal A, Dulgeroglu D, et al. Effect of
exposure to tobacco smoke on response to anti-tu-
mor necrosis factor-alpha treatment in patients
with rheumatoid arthritis. Iran J Public Health.
2016;45:396–8.

34. Challa DNV, Crowson CS, Davis JM 3rd. The
patient global assessment of disease activity in
rheumatoid arthritis: identification of underlying
latent factors. Rheumatol Ther. 2017;4:201–8.

35. Meehan RT, Amigues IA, Knight V. Precision med-
icine for rheumatoid arthritis: the right drug for the
right patient-companion diagnostics. Diagnostics
(Basel). 2021;29:11.

36. Abdelhafiz D, Baker T, Glascow DA, et al.
Biomarkers for the diagnosis and treatment of
rheumatoid arthritis—a systematic review. Postgrad
Med. 2022;16:1–10.

37. Santos-Moreno P, Sanchez G, Castro C. Rheumatoid
factor as predictor of response to treatment with
anti-TNF alpha drugs in patients with rheumatoid
arthritis: results of a cohort study. Medicine (Balti-
more). 2019;98: e14181.

38. Michelsen B, Berget KT, Loge JH, et al. Sex differ-
ence in disease burden of inflammatory arthritis
patients treated with tumor necrosis factor inhibi-
tors as part of standard care. PLoS ONE. 2022;17:
e0266816.

6 Rheumatol Ther (2023) 10:1–6


	Commentary on Cohen et al.: Role of Clinical Factors in Precision Medicine Test to Predict Nonresponse to TNFi Therapies in Rheumatoid Arthritis
	Abstract
	Main Commentary
	Acknowledgements
	References




