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ABSTRACT

Introduction: Clinical guidelines offer little
guidance for treatment selection following
inadequate response to conventional synthetic
disease-modifying antirheumatic drug
(csDMARD) in rheumatoid arthritis (RA). A
molecular signature response classifier (MSRC)
was validated to predict tumor necrosis factor
inhibitor (TNFi) inadequate response. The
decision impact of MSRC results on biologic
and targeted synthetic disease-modifying

antirheumatic drug (b/tsDMARD) selection was
evaluated.
Methods: This is an analysis of AIMS, a longi-
tudinal, prospective database of patients with
RA tested using the MSRC. This study assessed
selection of b/tsDMARDs class after MSRC test-
ing by surveying physicians, the rate of
b/tsDMARD prescriptions aligning with MSRC
results, and the percentage of physicians utiliz-
ing MSRC results for decision-making.
Results: Of 1018 participants, 70.7% (720/
1018) had treatment selected after receiving
MSRC results. In this MSRC-informed cohort,
75.6% (544/720) of patients received a
b/tsDMARD aligned with MSRC results, and
84.6% (609/720) of providers reported using
MSRC results to guide treatment selection. The
most prevalent reason reported (8.2%, 59/720)
for not aligning treatment selection with MSRC
results from the total cohort was health insur-
ance coverage issues.
Conclusion: This study showed that rheuma-
tologists reported using the MSRC test to guide
b/tsDMARD selection for patients with RA. In
most cases, MSRC test results appeared to
influence clinical decision-making according to
physician self-report. Wider adoption of preci-
sion medicine tools like the MSRC could sup-
port rheumatologists and patients in working
together to achieve optimal outcomes for RA.
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Key Summary Points

Why carry out this study?

Tumor necrosis factor inhibitors (TNFi) are
standard first-line biologics after
conventional synthetic disease-modifying
antirheumatic drug (DMARD) failure, yet
60% to 82% of patients with rheumatoid
arthritis (RA) inadequately respond to
TNFi.

The lack of personalized therapeutic
recommendations in current RA
guidelines results in trial-and-error
biologic prescribing, underscoring the
need for predictive biomarkers to enable
optimal personalized treatment selection.

This study assessed the impact of
molecular signature response classifier
(MSRC) testing on biologic and targeted
synthetic DMARD (b/tsDMARD) selection
by surveying physicians on prescription
alignment with test results and their
reported use of the MSRC to guide
treatment decisions.

What was learned from the study?

For patients whose physicians received
MSRC results prior to treatment selection,
75.6% (544/720) of patients received a
b/tsDMARD aligned with MSRC results,
and 84.6% (609/720) of providers reported
using MSRC results to guide treatment
selection.

These results indicate that the MSRC
informs treatment selection decisions and
enables physicians with actionable
information to select a b/tsDMARD for
moderate-to-high RA.

INTRODUCTION

Rheumatoid arthritis (RA) is a chronic, systemic
autoimmune disease that initially causes joint
inflammation and pain, potentially leading to
disability [1]. Inadequately controlled RA is
associated with considerable morbidity and
increased mortality [2–4]. Conventional syn-
thetic disease-modifying antirheumatic drugs
(csDMARDs) such as methotrexate are first-line
treatments, but only 30% of patients achieve
low disease activity or remission with these
therapies [5–7]. Biologic and targeted synthetic
disease-modifying antirheumatic drugs (b/
tsDMARDs) have expanded treatment options;
however, trial-and-error prescribing remains
common because of lack of predictive
biomarkers [7–9]. Tumor necrosis factor inhibi-
tors (TNFi) are the first bDMARDs for 90% of
patients who are b/tsDMARD-naı̈ve after
csDMARD failure [10]. Inadequate response
rates to TNFi are variable, ranging from 30% to
40% in some reports, while others report an
inadequate response ranging from 60% to 82%
[11–14]. Current RA treatment guidelines lack
recommendations for selecting personalized
b/tsDMARD therapies [5, 6]. This gap results in
trial-and-error b/tsDMARD prescription until an
effective class of drug is found, highlighting the
need for predictive biomarkers to promote
optimal treatment decisions.

To address this gap in clinical practice, a
blood-based molecular signature response clas-
sifier (MSRC) has been validated to detect a
signature of inadequate response to TNFi ther-
apy [15, 16]. The MSRC is an algorithmic clas-
sifier that integrates RNA expression data from
19 genes, three clinical features (body mass
index (BMI); sex; patient global assessment
(PtGA)), and one laboratory feature (anti-cyclic
citrullinated protein (anti-CCP) serostatus). It
generates a score from 1 to 25, with higher
scores indicating a greater probability of inade-
quate response to TNFi. Patients with a score
C 10.6 are predicted to be inadequate respon-
ders to TNFi with a positive predictive value of
87.7% (95% CI 78–97%) [16]. The MSRC has
been validated to accurately detect a signature
of inadequate response to TNFi in both
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b/tsDMARD-naı̈ve and TNFi-exposed patients
with RA with moderate to high disease activity
[15, 16].

Prior clinical utility studies have demon-
strated improved outcomes when treatment
aligned with MSRC results [17, 18]. Compared
to standard of care, a significantly higher pro-
portion of patients achieved treatment targets
when treatment selection was informed by
MSRC results. Although the clinical validity and
performance of the TNFi MSRC have been
demonstrated, the impact of the classifier on
physician decision-making has been directly
assessed in only a limited capacity. Clinical
decision-making is a complex process that
considers a variety of factors, including the
interpretability and applicability of diagnostic
test results. The impact of actionable precision
medicine test results on clinical decision-mak-
ing for RA treatment remains poorly character-
ized. Consequently, a decision impact analysis
is required to better elucidate the real-world
implications of the TNFi MSRC for b/tsDMARD
treatment selection in RA.

The objective of this study was to assess self-
reported impact of MSRC test results on
rheumatologists’ treatment decisions. Physician
surveys were used to determine if results from
MSRC testing informed choice of b/tsDMARD
for patients with RA with moderate-to-high
disease activity. This study addresses critical
gaps regarding the real-world impact of MSRC
testing on clinical decision-making and barriers
preventing personalized b/tsDMARD selection
for RA management. Investigation of factors
affecting alignment between MSRC results and
prescribed therapy can provide actionable
insights to improve patient outcomes and sat-
isfaction, as well as guide next steps to over-
come barriers to precision medicine
implementation.

METHODS

Data Source: AIMS

AIMS is a prospective, longitudinal, multi-in-
stitutional clinical database of patients with RA
managed by providers in clinical practice. A

total of 72 US private and academic rheuma-
tology practices participate in AIMS under
Institutional Review Board (Advarra IRB Ser-
vices, Columbia, MD, USA; IRB #PRO00044807)
approval, with informed consent obtained from
all enrolled patients. All patient data is deiden-
tified, and management of clinical data is con-
ducted in accordance with the Health Insurance
Portability and Accountability Act (HIPAA) [18].

Description of MSRC Test

The MSRC identifies a molecular signature
associated with inadequate achievement of
ACR50 to TNFi therapy in patients with a clin-
ical diagnosis of RA [15, 16]. The MSRC test
underwent an update during the study period.

For patients tested prior to August 2021, the
23-biomarker MSRC included assessment of
single-nucleotide polymorphisms (SNPs), gene
expression features, anti-CCP, sex, BMI, PtGA of
disease activity, and C-reactive protein (CRP)
[19]. After August 2021, the MSRC test was
updated and validated to a 19-biomarker ver-
sion removing the SNP and CRP components
and relying on gene expression, anti-CCP sta-
tus, sex, BMI, and PtGA of disease activity [16].

The MSRC test produces a continuous result
from 1 to 25. Pre-defined thresholds along this
scale categorize patients as having very high,
high, or no signal of inadequate response to
TNF inhibitors at 6 months as measured by
ACR50 criteria. Patients exceeding a threshold
of 10.6 are identified as having a molecular
signature of inadequate response. These
response categories were optimized during
analytical validation of the MSRC [16].

Gene expression feature analysis was per-
formed in PAXgene Blood RNA tubes. Anti-CCP
testing was conducted in serum separator tubes.
Sample processing and anti-CCP testing was
performed in the Scipher Medicine Laboratory
(Durham, North Carolina; CAP# 8821838,
CLIA# 34D2180776) on the Roche Cobas� sys-
tem in accordance with standard operating
procedures. RNA sequencing was performed at
the Ambry Genetics Corporation (Aliso Viejo,
CA) under Clinical Laboratory Improvement
Amendments laboratory standard operating
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procedures, as previously described [16]. Algo-
rithmic analysis of the MSRC was performed at
the Scipher Medicine Laboratory. The MSRC
test was analytically and clinically validated in
both biologic-naı̈ve and biologic-exposed
patients with RA, demonstrating comparable
performance characteristics between these
patient populations [15, 16].

Study Design and Statistical Analyses

Study Design and Registry
This study was designed to interrogate the AIMS
database for physician use of the MSRC,
b/tsDMARD treatment at baseline for each
patient, and the subsequent treatment decisions
made by physicians. Baseline characteristics,
including previous csDMARD treatment, treat-
ment at baseline, patient demographics, and
baseline clinical variables were recorded
(Table 1). The presence or absence of an inade-
quate response signature detected by the MSRC
and the treatment prescribed after receiving
MSRC results were documented for each. To
evaluate alignment between treatment selec-
tion and MSRC test results, patients were char-
acterized into two groups: (1) patients with a
signature of inadequate response to TNFi who
were prescribed a TNFi were noted to have
received therapy that did not align with MSRC
results; (2) patients with a signature of inade-
quate response to TNFi who were prescribed a
non-TNFi as well as patients without a signature
of inadequate response to TNFi were considered
to have received a b/tsDMARD consistent with
MSRC results.

Eligibility Criteria
Patients from the AIMS database who met the
following inclusion criteria were included in
this study: 18 years of age or older with a clini-
cal diagnosis of RA by a rheumatologist; mod-
erate or high disease activity at baseline
[CDAI[ 10]; naı̈ve to or with a history of
treatment with non-TNFi b/tsDMARD prior to
enrollment; currently on a TNFi at the time of
MSRC testing; must have baseline and treat-
ment decision visit data available for analyses.
Patients treated with non-TNFi b/tsDMARD at

the time of MSRC testing were excluded.
Patients were also excluded if (1) they were
participating in other clinical studies and (2)
patients’ physicians reported making a treat-
ment decision prior to receiving MSRC test
results.

Interventions and Data Collection
Interventions consisted of the MSRC, described
above. Two different versions of a questionnaire
probed physician decision-making within the
AIMS study, physicians completed: (1) version 1
of the questionnaire for patients enrolled
between August 2020 and August 2021; and (2)
version 2 for patients enrolled between August
2021 and February 2023. Improvements in
questionnaire version 2 reflected an expansion
of the MSRC intended use and in addition,
versions of the questionnaire differed in how
physicians were asked about use of the MSRC to
guide treatment: version 1 used a ‘‘yes/no’’
question; version 2 asked if the MSRC was used
with ‘‘yes/no’’ response, and category selection
of how it was used. If the answer was ‘‘yes’’, the
options were ‘‘Start new therapy (new therapies
include new products both within class and
outside of class)’’, ‘‘Continue existing therapy as
originally prescribed’’, and ‘‘Continue existing
therapy, but modify dose and/or add an addi-
tional medication’’. Both versions of the ques-
tionnaire documented reasons why the MSRC
was not used to inform treatment decision-
making.

Outcomes
The primary analyses evaluated observed
physician behavior, reporting the percentage of
patients who were prescribed and received a
b/tsDMARD consistent with MSRC results, and
the percentage of physicians who prescribed
various treatments after receiving test results.
Secondary analyses evaluated how physician
self-reported perceptions of MSRC impact on
decision-making, assessing the percentage of
patients for whom their provider reported
incorporating the MSRC as a precision medicine
tool into their decision-making, and reasons for
not incorporating test results into decision-
making.
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Statistical Analyses
Statistical analyses were performed using R
version 3.6.1 (www.rproject.org). Continuous
variables were described using mean, standard
deviation (SD), or median, interquartile range
(IQR), and the number of non-missing obser-
vations. Categorical variables were summarized
by providing the frequency counts and per-
centages, including a separate category for
missing data. Normality is established using
both Shapiro–Wilk test as well as visualization
techniques such as Q–Q plot. Student’s t test
and chi-squared tests were utilized for continu-
ous and categorical variables, respectively, in
the baseline table to determine differences
between patient cohort subsets in primary
analyses. For non-normally distributed contin-
uous variables, Kruskal–Wallis test was utilized.
All tests were conducted with a two-sided set-
ting and, unless specified otherwise, the

significance level was set at 0.05. Efforts were
made to minimize the amount of missing data;
no imputation of missing data was conducted.

RESULTS

Study Population

A total of 1018 patients from the AIMS database
met all inclusion and exclusion criteria. MSRC
tests were ordered for these patients by 119
participating physicians, of which 82.4% (98/
119) prescribed treatment for 720 patients after
receiving MSRC results. This MSRC-informed
cohort (n = 720) patients had a mean [SD] age of
57.45 [13.31] years and 582 (80.8%) were female
(Fig. 1). Median RA disease duration was
4.0 years and 402 (55.8%) were b/tsDMARD-
naı̈ve. Among 44.2% of patients (318/720) who

Fig. 1 Flow diagram for patients in this study. The
interim analysis cohort consisted of 1018 patients who met
inclusion and exclusion criteria. The MSRC-informed
cohort included 720 patients for whom the MSRC result
was available on or before the date for b/tsDMARD

initiation and who were not participating in another
clinical trial. b/tsDMARD biologic or targeted synthetic
disease-modifying antirheumatic drug; CDAI clinical dis-
ease activity index; MSRC molecular signature response
classifier; RA rheumatoid arthritis
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had previously received a b/tsDMARD, TNFi was
the most common biologic used prior to MSRC
testing in 87.4% (278/318) and 72.3% (230/318)
were active TNFi users at the time of blood
draw. Details of baseline demographic and

disease features of patients whose treatment was
informed by the MSRC are shown in Table 1.

Physicians for 29.3% of patients (298/1018)
elected to prescribe treatment prior to receiving
MSRC results and were excluded from analyses.
These patients were more likely to be Hispanic

Table 2 Treatment selection

Variable Categories MSRC-informed cohort

Total 720

Continued baseline TNFi therapy at TD visit, n (%)* Total 168 (23.3%)

TNFi, n (%) Any TNFi 168 (100.0%)

Adalimumab 36/168 (21.4%)

Certolizumab-Pegol 47/168 (28.0%)

Etanercept 39/168 (23.2%)

Golimumab 25/168 (14.9%)

Infliximab 21/168 (12.5%)

Initiated new b/tsDMARD therapy at TD visit, n (%) Total 552 (76.7%)

TNFi, n (%) Any TNFi 242/552 (43.8%)

Adalimumab 89/242 (36.8%)

Certolizumab-Pegol 42/242 (17.4%)

Etanercept 45/242 (18.6%)

Golimumab 45/242 (18.6%)

Infliximab 21/242 (8.7%)

JAKi, n (%) Any JAKi 133/552 (24.1%)

Baricitinib 5/133 (3.8%)

Tofacitinib 41/133 (30.8%)

Upadacitinib 87/133 (65.4%)

IL-6 inhibitor, n (%) Any IL-6 inhibitor 40/552 (7.2%)

Sarilumab 8/40 (20.0%)

Tocilizumab 32/40 (80.0%)

T cell co-stimulation inhibitor, n (%) Abatacept 122/552 (22.1%)

B cell inhibitor, n (%) Rituximab 15/552 (2.7%%)

b/tsDMARD biologic or targeted synthetic disease-modifying anti-rheumatic drug, IL-6 interleukin 6, JAKi Janus kinase
inhibitor, MSRC molecular signature response classifier, TD treatment decision, TNFi tumor necrosis factor-a inhibitor
*Continuation of existing therapy is defined as identical TNFi therapy observed in both (1) a patient’s most recent TNFi
drug prior to blood-draw date, and (2) a patient’s target therapy during treatment decision visit, without any documented
discontinuation. Identical TNFi therapy is defined as having the same generic drug name
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or Latino (p = 0.006), b/tsDMARD-naı̈ve
(p\ 0.001), and have higher baseline disease
activity than patients in the MSRC-informed
cohort as measured by physician global assess-
ment (52.9 vs 46.5; p\0.001), tender joint
counts (14.9 vs 11.7; p\0.001), swollen joint
counts (9.6 vs 6.3; p\0.001), CDAI (35.2 vs
28.0; p\ 0.001), and a history or active use of
prednisone.

Impact of MSRC on Treatment Selection

Among the MSRC-informed cohort, TNFi was
the most common b/tsDMARD selected (56.9%,
410/720); 41.0% of these patients (168/410)
were actively receiving TNFi therapy at baseline
and continued the same TNFi after receiving
MSRC results. In these 168 patients, 40.5% (68/
168) received an MSRC prediction of inadequate
response to TNFi and 59.5% (100/168) did not.
Among new treatment initiations (76.7%,
552/720), the next most common b/tsDMARDs
selected after TNFi therapies (43.8%, 242/552)
were JAK inhibitors (24.1%, 133/552), T cell co-
stimulation modulator (22.1%, 122/522), IL-6
inhibitors (7.2%, 40/552), and B cell inhibitor
(2.7%, 15/552) (Table 2). Physicians made deci-
sions that did not conflict with MSRC results in
75.6% of patients (544/720) (Fig. 2).

Patients with a signature of inadequate
response constituted 56.3% of the MSRC-in-
formed cohort (405/720), and 56.5% of such
patients (229/405) received a non-TNFi

b/tsDMARD. Compared to these patients, those
who received a TNFi had lower baseline disease
activity assessments such as pain (60.4 vs 65.0,
p = 0.048), physician global assessment (47.1 vs
55.31, p\ 0.001), swollen joint counts (5.5 vs
7.5, p = 0.002), and CDAI (28.6 vs 32.1,
p = 0.02) (Table 1).

Patients with no prediction of inadequate
response to TNFi comprised 43.8% of the MSRC-
informed cohort (315/720). TNFi was prescribed
to 74.3% of these patients (234/315). This sub-
group treated with TNFi had a greater propor-
tion of patients who were seronegative (41.6%
vs 20.3%, p = 0.002) than those with no pre-
diction of inadequate response who received a
non-TNFi.

Physician-Reported Impact of MSRC
on Treatment Decision-Making

Two versions of the physician questionnaire
were administered: (1) version 1 of the ques-
tionnaire for 161 patients enrolled between
August 2020 and August 2021; and (2) version 2
for 559 patients enrolled between August 2021
and February 2023. On average, 98 physicians
in the MSRC-informed cohort reported data in
four patients each (median, IQR [2–10]); and
questionnaire responses were not provided in
0.8% of patients (6/720). For each patient,
physicians were asked whether MSRC results
were used to inform b/tsDMARD selection.
Physicians reported incorporating MSRC results

Fig. 2 Physician decisions with respect to MSRC results. altMOA alternative mechanism of action, a non-TNFi
b/tsDMARD; MSRC molecular signature response classifier; TNFi tumor necrosis factor-a inhibitor

Rheumatol Ther (2024) 11:61–77 71



into treatment decisions in 84.6% (609/720) of
patients (Table 3). A prediction of inadequate
response was reported in 56.3% (405/720) of
patients and MSRC results were used in treat-
ment decision-making in 82.0% (332/405).
TNFi were prescribed to 43.5% (176/405) who
received a prediction of inadequate response;
within this subgroup, providers reported using
MSRC results to inform treatment decision-
making in 68.8% (121/176) of patients. No sig-
nal of inadequate response was detected in
43.8% of patients (315/720) and MSRC results
contributed to treatment decisions in 88.0%
(277/315) of this subgroup.

In the MSRC-informed group of patients, the
reasons physicians reported not incorporating
MSRC results into treatment decision-making

(14.6%, 105/720) included health insurance
concerns (8.2%, 59/720); patient and provider
concerns with treatment options (0.5%, 4/720
and 1.1%, 8/720, respectively); issues pertaining
to the interpretation of or action to be taken as
recommended by the results (1.1%, 8/720);
stable on therapy (1.1%, 8/720); unclassified
response (1.1%, 8/720); and unknown (1.4%,
10/720). In the subset of patients whose physi-
cians reported not using MSRC results and who
expressed concerns regarding health insurance,
62.7% (37/59) had a prediction of inadequate
response and 52.5% (31/59) were prescribed
TNFi (Table 3).

Table 3 Provider-reported reasons for not incorporating test results into decision-making (n = 105)

Categories PIR-TNFi
N = 176
(24.4%)

PIR-
altMOA
N = 229
(31.8%)

NPIR-
TNFi
N = 234
(32.5%)

NPIR-
altMOA
N = 81
(11.3%)

Total
N = 720
(100%)

Did you prescribe a

targeted therapy based

on MSRC results?,

n (%)

No 53 (30.1) 14 (6.1) 20 (8.5) 18 (22.2) 105 (14.6)

Yes 121 (68.8) 211 (92.1) 214 (91.5) 63 (77.8) 609 (84.6)

Did not complete

questionnaires

2 (1.1) 4 (1.7) 0 (0.0) 0 (0.0) 6 (0.8)

Reasons for not using

MSRC, n (%)

Health insurance

concerns

31 (58.5%) 6 (42.9%) 18 (90.0%) 4 (22.2%) 59 (56.2%)

Patient concerns 1 (1.9%) 0 (0.0%) 0 (0.0%) 3 (16.7%) 4 (3.8%)

Provider concerns 4 (7.5%) 3 (21.4%) 0 (0.0%) 1 (5.6%) 8 (7.6%)

Results unclear/not

understood/not

considered

actionable/disagreed

7 (13.2%) 0 (0.0%) 0 (0.0%) 1 (5.6%) 8 (7.6%)

Stable on therapy 1 (1.9%) 2 (14.3%) 0 (0.0%) 5 (27.8%) 8 (7.6%)

Unclassified response 3 (5.7%) 1 (7.1%) 1 (5.0%) 3 (16.7%) 8 (7.6%)

Unknown 6 (11.3%) 2 (14.3%) 1 (5.0%) 1 (5.6%) 10 (9.5%)

Percentages in each cell represent the proportion of the total for each column, with the exception of the totals for each
column. The percentages for the total of each column represent the proportion that column represents of the entire group
altMOA alternative mechanism of action, a non-TNFi b/tsDMARD, MSRC molecular signature response classifier, NPIR
no prediction of inadequate response to TNFi therapies, PIR prediction of inadequate-response to TNFi therapies, TNFi
tumor necrosis factor-a inhibitor
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DISCUSSION

Selecting an effective therapy for achieving low
disease activity or remission in RA often takes a
long time and requires careful consideration of
multiple factors such as the patient’s disease
activity, comorbidities, preferences, and
response to previous treatments. In fact, many
patients do not achieve adequate response to
both initial csDMARDs and subsequent
b/tsDMARDs, which prolongs the process of
finding the optimal therapy. Another con-
tributing factor is the absence of empiric evi-
dence and recommendations from either the
American College of Rheumatology or the
European Alliance of Associations for Rheuma-
tology regarding selection of TNFi over another
b/tsDMARD, although lack of recommenda-
tions is largely motivated by a dearth of evi-
dence showing the clear superiority of some RA
therapies over others [5, 6]. The trial-and-error
approach to prescribing leads to delays in
effective treatment initiation, enabling disease
progression, escalating costs, deterioration of
health-related quality of life, and increased
burden on caregivers [20]. To address this
unmet and urgent clinical need, the MSRC has
been validated to predict inadequate response
to TNFi with positive predictive value of 88%,
specificity of 77%, and sensitivity of 60% [16].

In this decision impact study, 84.6% of
physicians reported using MSRC results to
inform treatment decision-making and 75.6%
of patients received treatment aligned with
their individualized MSRC test. These data are
consistent with earlier analyses performed on a
smaller set of patients from the AIMS study that
reported 70.3% patients received treatment
consistent with MSRC results [21]. Mirroring
the expanding use of gene expression classifiers
in various clinical fields, this study reveals a
growing acceptance among physicians of the
TNFi MSRC to inform RA treatment [22, 23].
This trend underscores a broader shift toward
precision medicine, reflecting increased confi-
dence in genomic assays to enhance patient
care. In this context, treatment decisions
informed by the MSRC improved outcomes
when compared to those informed by the

standard of care. Patients who received treat-
ment guided by the MSRC were significantly
more likely to achieve CDAI low disease activ-
ity/remission, remission (CDAI-REM), or
improvements greater than or equal to mini-
mally important differences in CDAI scores
(CDAI-MID) [17].

Patients with MSRC results detecting a sig-
nature of inadequate response to TNFi consti-
tuted 56.3% of patients in this study (405/720),
and 56.5% of those (229/405) received a non-
TNFi; yet 43.4% (176/405) received TNFi. The
results presented here suggest that patients who
have a signature of inadequate response to TNFi
with higher disease activity are more likely to be
treated with non-TNFi b/tsDMARDs. Providers
can reassess treatment choices with respect to
MSRC results at subsequent patient visits. Such
analyses were beyond the scope of the current
investigation.

Concern over health insurance coverage was
the most frequently cited reason (8.2%, 59/720)
for not incorporating MSRC results into clinical
decision to inform therapy selection. Of the 59
patients who were not prescribed a therapy
informed by MSRC results because of health
coverage concerns, 52.5% (31/59) were pre-
scribed a TNFi despite having a signature of
inadequate response to TNFi. This suggests that,
when faced with concerns over health insur-
ance coverage, physicians may elect to treat
patients with RA with a TNFi, even if MSRC
results indicate that a different therapy may be
more effective. The concern that physicians
could not use precision medicine results to
inform more effective therapy is warranted, as
such health coverage restrictions could lead to
suboptimal treatment outcomes. Over 70% of
patients with RA are reported to have insurance
plans that require step therapy and are less
likely to achieve treatment goals and 34% have
restrictions to access of medications; other bar-
riers include cost sharing and copayment
arrangements, further restricting treatment
options [24–26]. While many insurers still
require ‘‘fail first’’ policies before covering costly
therapies, step therapy risks worse outcomes by
limiting prescribing options and requiring
failed trials of less effective medications before
more suitable ones [26–29]. This study showed
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high adherence to the biomarker signature,
demonstrating its potential to guide more per-
sonalized treatment selection rather than trial-
and-error.

With recent evidence supporting the clinical
utility of the TNFi MSRC, this MSRC-informed
approach may provide justification to update
fail-first policies and enable precision medicine-
directed therapy selection [17, 18, 21]. The type
of health insurance a patient had may have
played a more subtle role in some treatment
decisions. Patients who were prescribed a TNFi
despite a signature of inadequate response,
when compared with the group of patients who
received a signature of inadequate response and
were prescribed a b/tsDMARD other than a
TNFi, were younger, had a shorter duration of
RA, had less severe disease, and were more likely
to already be on a TNFi. This is consistent with a
previous report that patients prescribed a non-
TNFi were more likely to have longer disease
duration and more severe disease. In that study,
patients who were prescribed a non-TNFi were
also more likely to have government insurance
rather than private insurance [14].

Determining optimal treatment targets,
assessing progress toward those targets, and
selecting subsequent therapies present daily
challenges in rheumatoid arthritis manage-
ment. In our study, physicians who did not
incorporate MSRC results into treatment deci-
sion-making reported that results were unclear
or provided a recommendation that might not
be actionable for only eight of the 105 patients
(7.6%). Of these patients, seven were prescribed
a TNFi despite a signature of inadequate
response. While this pattern might suggest TNFi
cycling at first glance, it could stem from the
multifaceted clinical decision-making process
rather than conclusively drug cycling. Myriad
factors influence treatment selection, including
considerations of available options, patient
preferences elicited through shared decision-
making conversations, and payer restrictions
guiding physician prescription choices. There-
fore, prescribing TNFi with ambiguous or dis-
cordant interpretation of the response signature
may reflect the complex interplay of clinical
judgment, patient values, and systemic con-
straints, rather than exclusively TNFi cycling.

Our findings underscore the nuances physicians
navigate when interpreting precision medicine
assays and applying results to personalized
treatment decisions within the larger healthcare
ecosystem.

This study has several limitations that war-
rant consideration. First, the generalizability of
the physician survey findings may be affected
by respondent bias and regional differences in
RA treatment practices. While the survey
included a geographically diverse sample rep-
resenting more than 70 private and academic
rheumatology practices, attitudes and clinical
experiences influencing interpretability and
adoption of the MSRC test results in clinical
decision-making may vary. Nonetheless, this
study may exhibit a selection bias toward a
more intrinsically motivated cohort of patients
and healthcare providers. However, surveying
adopters of precision medicine yields important
self-reported insights into the impact of the
MSRC assay on therapeutic decision-making
within this actively engaged study population.
Although this prospective study collected data
on patients’ prior anti-TNF history at baseline,
the physician survey did not specifically exam-
ine the impact of this treatment experience on
physician’s complex decision-making process
regarding cycling versus switching biologic
therapies, in the context of evolving clinical
evidence and other considerations. While
insurance coverage issues were cited by
rheumatologists as impacting actionability of
MSRC results, this study did not account for
potential effects of insurance providers’ step
therapy requirements. In a study by the Arthri-
tis Foundation, 25% of patients who switched
insurance providers were required to repeat step
therapy with their new carrier. Finally, this
survey provides a cross-sectional view of MSRC
test utilization [28]. Long-term studies are nee-
ded to elucidate patterns of MSRC adoption
among ordering physicians. Despite these limi-
tations, this study offers important data on
MSRC test adoption and influence on RA treat-
ment selections.
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CONCLUSIONS

This decision impact study surveying practicing
rheumatologists demonstrates high utilization
of the MSRC test for TNFi inadequate response
to guide b/tsDMARD selection in patients with
RA. Most surveyed rheumatologists endorsed
alignment of prescribed b/tsDMARDs with
MSRC results and incorporation of the test
results into clinical decision-making. Systemic
barriers including healthcare coverage and
reimbursement issues were obstacles preventing
universal adoption of the MSRC to facilitate
personalized therapy. Reforming coverage poli-
cies, formulary restrictions, and step therapy
protocols to enable equitable access to action-
able precision medicine tools such as the MSRC
could enable clinicians to more effectively uti-
lize precision medicine tools to optimize treat-
ment selection for patients with RA and
expedite achievement of treatment targets.
Additionally, the study found minimal con-
cerns or questions from patients regarding the
test, suggesting physician proficiency in utiliz-
ing and communicating results to inform
treatment decisions in real-world rheumatology
practice. While RA remains incurable, rheuma-
tologists and patients strive to achieve remis-
sion or low disease activity. Precision medicine
tools such as the TNFi MSRC offer significant
opportunities to expedite reaching desirable
therapeutic targets.
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