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Abstract

Tumor necrosis factor inhibitor (TNFi) therapies are often the first biologic therapy used to treat rheumatoid arthritis (RA)
patients. However, a substantial fraction of patients do not respond adequately to TNFi therapies. A test with the ability to
predict response would inform therapeutic decision-making and improve clinical and financial outcomes. A 32-question
decision-impact survey was conducted with 248 rheumatologists to gauge the perceived clinical utility of a novel test that
predicts inadequate response to TNFi therapies in RA patients. Participants were informed about the predictive character-
istics of the test and asked to indicate prescribing decisions based on four result scenarios. Overall, rheumatologists had
a favorable view of the test: 80.2% agreed that it would improve medical decision-making, 92.3% said it would increase
their confidence when making prescribing decisions, and 81.5% said it would be useful when considering TNFi therapies.
Rheumatologists would be more likely to prescribe a TNFi therapy when the test reported that no signal of non-response was
detected (79.8%) and less likely to prescribe a TNFi therapy when a signal of non-response was detected (11.3%-25.4%).
Rheumatologists (84.7%) agreed that payers should provide coverage for such a test. This study shows that rheumatologists
support the clinical need for a test to predict inadequate response to TNFi therapies. Test results were perceived to lead to
changes in prescribing behaviors as results instill confidence in the ordering rheumatologist.

Keywords Arthritis - Rheumatoid - Surveys and questionnaires - Decision-making - Tumor necrosis factor inhibitors -
Precision medicine - Predictive value of tests - Therapeutics

Introduction

Rheumatoid arthritis (RA) is a chronic autoimmune disease

that affects about 1.3 million U.S. adults [1]. When RA is
not adequately controlled, joint damage and chronic inflam-
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treatment cycles may be needed to find the appropriate thera-
peutic for an individual patient before adequate disease con-
trol is achieved. Such a “trial-and-error” approach increases
overall costs while decreasing patient satisfaction [2].

The American College of Rheumatology (ACR) guide-
lines support the use of any targeted therapy, regardless
of MOA, for the treatment of RA following inadequate
response to a csDMARD [3]. Tumor necrosis factor inhibi-
tor (TNFi) therapies are usually the first biologic tried after
the failure of csDMARDs [4]. This prescribing behavior is
reinforced by the current medical policies of insurers, which
mostly cover TNFi therapies as the only first-tier treatment
following csDMARD failure [5-8]. Despite being widely
used, TNFi therapies are not always effective. Clinical stud-
ies show more than half of patients fail to achieve an ACR50
response (indicating a 50% improvement in disease activity)
or meaningful clinical change [9, 10]. Precision medicine
can alter this treatment paradigm to better meet the needs of
individual patients, as has happened in other medicine fields,
such as oncology [11-13].

In the absence of predictive markers to inform individual
treatment decisions, rheumatologists have largely made drug
selections based on insurance coverage or other drivers, such
as habit and their familiarity with specific therapeutics. Pre-
cision medicine has the promise to change RA treatment
using biomarkers to target drugs to patients based on their
likely effectiveness [2, 14]. For example, knowing that the
likelihood of non-response to a TNFi is high may lead to
prescription of an alternative biologic.

Currently, when an initial TNFi therapy fails, patients
may be placed on alternate TNFi therapy, a process known
as TNFi cycling [15]. For a significant proportion of these
patients, adequate disease control will not be achieved, thus
leading to prolonged patient symptoms, loss of function, and
frustration [15-17]. The European League Against Rheuma-
tism (EULAR) acknowledges that a weakness in the current
RA treatment paradigm is the absence of a method to stratify
patients to the most appropriate treatment [16]. Thus, there is
a need for a predictive test to identify which patients may be
unlikely to have an adequate response to specific biologics.

Such a test (PrismRA) was made clinically available after
this survey concluded and predicts inadequate response to
TNFi therapies for RA patients with a positive predictive
value of 89.7%, a specificity of 86.8%, and a sensitivity of
50%.

This decision-impact study was conducted to evaluate
rheumatologists’ insights on the value and perceived clinical
utility of a precision medicine test that predicts inadequate
response to TNFi therapies for RA patients. Rheumatolo-
gists were asked to share their opinions about the inability
to predict inadequate response to TNFi therapies, evaluate
the characteristics of a test that would alleviate this issue,
and investigate the possible clinical utility of such a test. A
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decision-impact study is important, because it is not known
how rheumatologists would implement such a test. A large
observational study of rheumatologists found that “physician
preference was a significant determinant” of use of specific
biologics, “independent of demographic and other clinical
factors” [18]. Predictive tests of response may alter prescrip-
tion patterns, and our study aimed to shed light on how such
tests will be perceived by rheumatologists.

Methods

Data were collected via a cross-sectional survey of U.S.
rheumatologists. A 32-item decision-impact survey was
designed by HealthiVibe, a division of Corrona, LLC, a
research and consulting company. The survey was conducted
from May 28 to June 11, 2020 using the online survey plat-
form SurveyGizmo. On average, the survey took 12 min to
complete. The survey instrument was cognitively pretested
with seven practicing rheumatologists using a think-aloud
technique prior to being finalized, to ensure content and
construct validity. The complete survey instrument is avail-
able electronically as supplemental information to this arti-
cle (Supplement 1). The study was reviewed by the Sterling
Institutional Review Board, and a letter of exemption as
non-human subjects research was received. All respondents
were asked to review an informed consent statement prior to
participating. Respondents were advised that participation
was voluntary and that they could withdraw at any time.

Participants

Rheumatologists were recruited from three panels (M3
Global Research, Exact Data, and the Corrona RA registry)
and offered a small gratuity ($20-$35) for completing the
survey. Respondents were told that the purpose of the sur-
vey was to seek “feedback from physicians about their treat-
ment of rheumatoid arthritis patients” and were instructed
to answer reflecting practice patterns prior to COVID-19 so
that responses reflected normal practice. Study qualification
requirements were set to reflect rheumatologists who may
utilize a predictive test for TNFi therapy response. Criteria
included: a primary medical specialty of rheumatology; pri-
marily treat adult patients; evaluate at least 15 RA patients
per month; at least 10% of RA patients are biologic-naive;
and initiate a new prescription for a biologic or JAK inhibi-
tor at least once every 3 months.

Survey methodology
Questions were organized into three main sections. The first

collected demographic information and addressed rheu-
matologists’ attitudes and prescribing patterns regarding
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treatment of RA patients with biologics and JAK inhibi-
tors. This included demographic and practice setting-related
questions. It also included questions about response to TNFi
therapies. Rheumatologists were asked to rate their level of
concern about various issues related to inadequate response.

The second section introduced rheumatologists to a
commercial test that predicts inadequate response to TNFi
therapies. Rheumatologists were provided with a brief test
description, but were not provided with detailed test speci-
fications. The test name and manufacturer information were
also not provided to reduce commercial bias and conflicts
of interest. The test was referred to as TEST-RA throughout
the survey. TEST-RA was described as “a molecular signa-
ture test that uses RNA expression data, demographic vari-
ables, clinical metrics, C-reactive protein (CRP) and anti-
cyclic citrullinated protein (CCP) to predict a biologic-naive
rheumatoid arthritis patient’s likelihood of not responding

to anti-TNF therapies” (Fig. 1). After being introduced to
TEST-RA, survey respondents rated their level of agreement
with 12 statements about the test.

The third section evaluated the value and impact of TEST-
RA including the likely decision impact of such a test. Based
on reactions to four different scenarios depicting sample
test results (Fig. 2), rheumatologists were asked to indicate
their prescribing behaviors. The scenarios were shown to
respondents in random order to reduce bias.

Descriptive statistics were used to characterize trends in
the data. Key survey variables were evaluated in a cross-
tabulation analysis against demographic variables including
years in practice, number of RA patients seen per month,
gender, race, practice characteristics, and practice setting.
Chi-square analyses were used to identify statistically sig-
nificant differences across respondent groups. No weighting
of survey data was performed.

TEST-RA is a molecular signature test that uses RNA expression data, demographic

variables, clinical metrics, C reactive protein (CRP) and anti-cyclic citrullinated protein

(CCP) to predict a biologic-naive rheumatoid arthritis patient’s likelihood of not

responding to anti-TNF therapies.

Administering the test requires the collection of blood before the start of treatment. TEST-

RA results are available 7-10 days after ordering.

The test result is a number between 1-25, categorized into one of four groups to predict

the likelihood of non-response to anti-TNF therapies:

TEST-RA result 216.6
TEST-RA result 211.5
TEST-RA result 29.4
TEST-RA result <9.4

>95% likelihood of non-response
>90% likelihood of non-response

285% likelihood of non-response

(Very high)
(High)
(Moderate)

Molecular signal of non-response not detected or absent

Fig. 1 Description of a molecular signature test that predicts a patient’s likelihood of inadequate response to TNFi therapies that was shared with

survey respondents
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TESTDESCRIPTION

TestRA® is a molecular signature test that uses RNA expression data, demographic variables, clinical metrics,

C reactive protein (CRP) and anti-cyclic citrullinated protein (CCP) to detect a signal of non-response to tumor necrosis factor
inhibitors (anti-TNF) for patients with rheumatoid arthritis. This signal predicts the patient’s likelihood of having an inadequate
response to all anti-TNF therapies before starting a biologic therapy. Response is defined as achieving ACR50 at 6 months.

YOUR PATIENT'S TestRA RESULTS

TestRA result:

122

Non-response signal:

High

Likelihood of
non-response:

290%

RESULTS INTERPRETATION

A patient with a high signal of non-response has a >90% likelihood of not responding adequately to anti-TNF
therapies. Thus, your patient has a <10% likelihood of responding to anti-TNF therapies.
|
|
1
1
I
I
I
|
|
Molecular signal ! 285% 290% 295%
of non-response X non-responders non-responders non-responders
not detected :
I
: YOUR PATIENTIS IN
! THIS CATEGORY
I
I
I
|
I
|
! <15%
! <10%
TestRA result
X <9.4 . 294 . 2115 ) 216.6 |
I I I 1 1
Non-response signal
| Not detected . Moderate | High | Very high |
I I I T 1
Likelihood of anti-TNF response
i More likely Less likely ,
[ >

Fig.2 Sample test result shown to respondents. The version describ-
ing the high signal of non-response to TNFi therapies is depicted as a
representative example. Three additional sample reports were shown

Results
Participant demographics
A total of 467 respondents began the survey; 205 were

excluded due to ineligibility, resulting in an eligibility rate of
56.1% (262). Among the 43.9% who were ineligible: 70.8%
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to respondents with the patient TEST-RA results changed to those cor-
responding to no signal, moderate signal, or very high signal of non-
response

had a specialty other than rheumatology; 22.8% saw less
than 10% of patients who are biologic-naive; 3.9% primar-
ily saw pediatric patients; and 2.4% screened out for other
reasons. Among eligible respondents, almost all (248/262;
94.7%) completed the survey.

As shown in Table 1, participants were primarily male
(66.5%) and white (58.9%). Most (59.3%) had been in
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Table 1 Demographics and practice characteristics of survey

respondents
% n

Gender

Male 66.5 165
Race or ethnicity

White 58.9 146

Black 24 6

Hispanic or Latino 2.8 7

Asian 31.1 77

Other 6.1 15
Years in practice (since fellowship)

Less than 2 years 4.8 12

3to 5 years 10.5 26

6 to 10 years 25.4 63

11 to 20 years 33.9 84

More than 20 years 25.4 63
Adult RA patients per month

15 to 40 12.9 32

41 to 80 343 85

81 or more 52.8 131
Practice setting

Academic 32.7 81

Non-academic 67.3 167
Practice type

Solo 13.7 34

Single specialty 35.1 87

Multispecialty 51.2 127
Practice affiliations

Connected to hospital/hosp. system 48.0 119

Part of an IDN 12.1 30

Part of an ACO 13.7 34
Geographic location

Rural 5.2 13

Suburban 44.4 110

Urban 50.4 125
U.S. region

Midwest 18.2 45

Northeast 294 73

Southeast 23.8 59

Southwest 10.5 26

West 18.2 45
Self-identified early adopter of medical advances

Yes 77.8 193

practice 11 or more years, and more than half (52.8%) saw
81 or more adult RA patients per month. About a third
(32.7%) practiced in an academic setting. These results
are similar to the demographics reported in the 2015 ACR
Workforce Study [19], which found that 59.2% of rheuma-
tologists are male, and 20% practice in an academic setting.

Concerns about inadequate response to TNFi
therapies

Participants were asked a series of questions to gauge their
attitude about inadequate response to TNFi therapies in
RA. Published studies report a 32-38% rate of low disease
activity (LDA) or remission in response to TNFi therapies
[20-22]; in this survey, 79.4% of rheumatologists believed
that more than 30% of their RA patients prescribed a TNFi
therapy reached LDA or remission (Table 2). For patients
who do not adequately respond to TNFi therapies, the major-
ity of rheumatologists expressed concern about the increased
time for those patients to achieve remission or low disease
activity (73.0%), patients paying for drugs that are not help-
ing them reach treatment targets (71.0%), the difficulty
getting alternatives to TNFi therapies approved by payers
(65.7%), and reduced patient satisfaction (64.1%) (Table 2).
Consistent with these concerns, approximately two-thirds
(67.7%) of rheumatologists were concerned about the dif-
ficulty of predicting which patients will be non-responders
to TNFi therapies, and 98.8% expressed interest in a test to
predict inadequate response to TNFi therapies in RA patients
(Table 2).

Reactions to TEST-RA

Rheumatologists were provided information on TEST-RA
(Fig. 1) and asked to provide their reactions on issues, such
as ineffective medication spend, patient satisfaction, insur-
ance coverage, and improved outcomes, such as low dis-
ease activity (Fig. 3). The majority agreed with statements
about the usefulness of TEST-RA. Over 80% agreed that it
increases their ability to predict non-response to TNFi thera-
pies (84.3%) and makes it easier to rule out TNFi therapies
(82.7%), and 70.2% agreed on its usefulness when consid-
ering other biologic therapies or JAK inhibitors. Addition-
ally, the majority of the respondents agreed with clinical
utility statements on TEST-RA. About 80% agreed that it
will improve medical decision-making, 76.2% agreed it will
reduce spending on ineffective treatments, and 81.5% agreed
results will be useful when considering starting a patient on
TNFi therapy. Finally, the majority of respondents agreed
with statements about the value of TEST-RA. About 81%
agreed that they would be likely to use the test, while almost
74% agreed the test has a high clinical value. Cross-tabula-
tion analyses showed that agreement with these statements
was largely consistent across demographic groups (Fig. 4).
Most rheumatologists surveyed (92.3%) agreed that
TEST-RA would increase their confidence in making pre-
scribing decisions, and nearly 85% believed that pay-
ers should provide full coverage for TEST-RA. Moreover,
almost all (98.4%) said the test was helpful in some way
when deciding whether to start a patient on TNFi therapy.

@ Springer
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Table 2 Rheumatologists’ current approaches to and attitudes about inadequate response to TNFi therapies

% n
Percentage of patients believed by rheumatologist to respond adequately to an initial TNFi therapy
Less than 20% 0.8 2
21-39% 19.8 49
40-59% 51.2 127
60% or more 28.2 70
The percent of rheumatologists who are concerned or very concerned about five issues related to inadequate
response to TNFi therapies
Non-response increasing time to low disease activity state 73.0 181
Patients paying for drugs not getting them to targets 71.0 176
Difficulty predicting which patients will be non-responders 67.7 168
Difficulty getting other drugs approved by payers/plans 65.7 163
Non-responders having reduced patient satisfaction 64.1 159
Interest in a test to predict inadequate response to TNFi therapies
Not at all interested 1.2
Slightly interested 2.0 5
Moderately interested 11.3 28
Very interested 41.5 103
Extremely interested 44.0 109
Increases ability to o,
predict non-responders 84.3%
Easier to rule out o,
TNF inhibitors e
Useful when starting
TNF inhibitors 81.5%
Likely to use 81.1%
Improves medical
decision-making 80.2%
Reduces spending on
ineffective treatments 76.2%
High clinical value 73.8%
Useful when considering
other biologic therapies 70.2%
or JAK inhibitors
Increases patient 66.5%
satisfaction .
Helps get approval
from payers 64.1%
Improves [
clinical outcomes 62.1%
Reduces time to reach low 62.1%
disease activity state .
20% 40% 60% 80% 100%

Percent of rheumatologists agreeing with statement

Fig.3 Percentage of rheumatologists agreeing with statements about a test to predict inadequate response to TNFi therapies

@ Springer
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Molecular signal
of non-response
not detected

Non-response

O,
signal: Moderate B

Non-response

O,
signal:High 15:3%

37.5%

Non-response

signal:Very High 11.3%

37.9%

79.8%

31.9%

5.2%

14.9%

47.2%

50.8%

20% 40%

60% 80% 100%

Percent of rheumatologists

B Prescribe TNF inhibitors

Fig.4 Prescribing behavior of rheumatologists based on four sample
test results that report a patient’s likelihood of having an inadequate
response to TNFi therapies (no signal, moderate signal, high signal,
and very high signal of non-response). Other options included IL-6

TEST-RA results impact prescribing decisions

Respondents were shown four different sample TEST-RA
results in random order (see example in Fig. 2), which cor-
responded to the four possible tiers of predicted inadequate
response to TNFi therapies per TEST-RA: no signal; moder-
ate signal (>85% likelihood of non-response); high signal
(=90% likelihood of non-response); and very high signal
(=95% likelihood of non-response). Rheumatologists were
asked to indicate what therapies they would prescribe based
on each test result. Options included: TNFi; IL-6 receptor
antagonist; JAK inhibitor; T cell co-stimulation inhibitor; B
cell inhibitor; and IL-1 receptor antagonist.

In response to the TEST-RA sample reports, theumatologists
reported the following prescribing decisions: When TEST-RA
reported that a molecular signal of non-response to TNFi thera-
pies was not detected, 79.8% of rheumatologists would pre-
scribe a TNFi therapy. In contrast, when a molecular signal of
non-response to TNFi therapies was present, theumatologists
were less likely to prescribe a TNFi therapy, and the likelihood
decreased as the strength of the reported non-response signal
increased (moderate: 25.4%; high: 15.3%; very high: 11.3%).

Most rheumatologists accurately interpreted the TEST-RA
results according to the intended meaning. However, a small
number (6.7%) provided answers that were consistent with an
error in comprehension. For example, they indicated they would
not prescribe a TNFi therapy if the test showed a “moderate”
signal of non-response, but they would prescribe a TNFi ther-
apy if the signal was “high” and/or “very high.” When these

B Prescribe JAK inhibitor

I Other option

receptor antagonist, T cell co-stimulation inhibitor, B cell inhibitor,
IL-1 receptor antagonist, and maximizing patient’s current medica-
tion

respondents were removed from the analysis, about three-quar-
ters (73.6%; 170/231) of the remaining respondents indicated
that they would not prescribe a TNFi therapy if any signal of
non-response was detected. An additional 13.9% would not pre-
scribe a TNFi therapy if the signal was “high” or “very high.”
Thus, 87.4% (202/231) would not prescribe a TNFi therapy if
the signal of non-response was “high” or “very high.”

Discussion

This decision-impact study evaluated rheumatologists’ per-
ceptions and interpretations of a novel molecular signature
test that identifies predicted inadequate responders to TNFi
therapies. This test identifies with close to 90% accuracy
half of RA patients who will not have an ACR50 response
to TNFi therapies by 6 months [23].

In this study, rheumatologists expressed their concerns
regarding the inability to predict “non-responder” patients
and the clinical consequences of inadequate response
to TNFi therapies. Almost all rheumatologists (98.8%)
expressed interest in a test that predicts which patients
will not have an adequate response to TNFi therapies and,
when presented with sample test reports, indicated that the
results would adjust their treatment decisions and medical
management of RA patients. Rheumatologists reported that
they would be less likely to prescribe TNFi therapies as
the strength of the molecular signal of inadequate response
increased.
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A substantial clinical and economic burden is associated
with the treatment of RA. One of the many challenges fac-
ing patients with RA and their physicians is deciding when
to initiate targeted therapy and which medication class to
select. The prescribing pattern of selecting TNFi therapy
first after the failure of csDMARDs is a combination of
formulary restrictions, rebate-driven pricing strategies, and
habit. In this study, 71.0% of rheumatologists were con-
cerned that inadequate response to TNFi therapy means
that patients are paying for drugs that do not get them to
treatment targets.

Current medical policies and prescribing patterns may
result in patients cycling through multiple rounds of TNFi
medications before they can select a drug with a different
mechanism of action. Cycling increases healthcare and out-
of-pocket costs when patients do not respond [24, 25]. Fur-
thermore, continuing to use a medication class that is not
effective results in higher disease activity and reduces the
patient’s quality of life [26]. After patients fail their first
TNFi therapy, they are 27% more likely to inadequately
respond to their second medication and three times more
likely to discontinue therapy [27]. They incur more joint
surgeries [28] and have a higher likelihood of irreversible
joint damage and chronic pain [29]. Thus, it is critically
important to correctly and quickly identify effective treat-
ments for RA patients.

The results of this study reflected rheumatologists’ clear
interest in the value and clinical utility of a test that predicts
inadequate response to TNFi therapies in RA. As has been
done for other biomarker tests, this decision-impact survey
demonstrated the clinical value of a molecular signature test
that predicts inadequate response to TNFi therapies [30, 31].
Based on an initial description and sample results, rheuma-
tologists indicated the test results would alter their medical
management of RA patients. Nearly 85% of rheumatologists
believed that insurance companies should provide full cov-
erage for a test that predicts inadequate response to TNFi
therapies in RA. This finding may express the need for new
technology being accessible to healthcare providers so they
can play an active role in reducing wasteful spending on
ineffective treatments.

This decision-impact study has limitations to consider.
Rheumatologists were provided a short description of the
molecular signature test (Fig. 1) and did not have a chance
to review clinical evidence or data supporting its develop-
ment and validation. This may have contributed to some of
the misunderstandings observed in this survey among rheu-
matologists who appear to have contradicted themselves on
different data points. In addition, rheumatologists were not
provided information on the cost of the test or its likelihood
to be covered by insurance. Cost and coverage are likely to
impact real-world use or adoption of such a test. As it is cus-
tomary, rheumatologists were also offered a small stipend for

@ Springer

participating in the decision-impact survey. This could also
have influenced responses. While rheumatologists expressed
interest in a test like TEST-RA, this cannot, of course, be
interpreted as a direct endorsement of TEST-RA.

In conclusion, this study showed the need for predictive
response tests in rheumatology and suggests that a test that
predicts inadequate response to TNFi therapies has per-
ceived clinical utility while providing meaningful new infor-
mation for patient stratification in RA. Professional societies
have long identified the need to tailor therapy approaches to
individual patients [16] and to adopt a personalized, preci-
sion medicine approach in rheumatology. Pioneer specialties
in precision medicine—oncology and hematology—have
improved patient outcomes by adjusting therapy choice
based on patient and tumor characteristics. The introduction
of precision medicine would be welcomed by the rheumatol-
ogy community, test results would lead to treatment changes,
and patient care would improve by avoiding a medication
class that would not result in meaningful change for those
patients predicted to be inadequate responders.
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