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Precision Medicine In
Complex Disease: Use Of The
PrismRA Test To Stratify
Patients For Response
To Anti-Tnf Therapy In
Rheumatoid Arthritis

by Keith Johnson Ph.D. and Michael Weinblatt, MD

Precision medicine approaches tailor a patient’s therapy based on predicted response, often
stemming from a genomic characterization of the disease. Precision medicine is becoming
standard practice in oncology which can be characterized by genetic factors; a prime example
is the approval and use of Herceptin only for women with Her2 positive breast tumors.
However, examples of precision medicine remain elusive in complex diseases, which are
characterized by genetic, genomic, and environmental factors, even though many therapies
are indeed targeting a specific disease biology. The pursuit of precision medicine in complex
disease has lagged behind in oncology due to the fact that determining the underlying disease
biology in a patient with a complex disease has historically been difficult to ascertain.
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A decade of research to predict
drug response in complex disease

disease, patients can be treated with biologic

a complex disease, affects

heumatoid Arthritis (RA),

Mapping the corresponding proteins onto
the protein network uncovers the biology of
responders and non-responders and explains
why non-responders do not respond to
anti‑TNF therapy.
The accuracy of the final test result depends
not only on the score of the classifier, but also
on the threshold that is chosen. The threshold
must balance the sensitivity, specificity and
overall accuracy of the test and suitability for
the intended use. The PrismRA test has been
analytically validated in a CLIA laboratory.
Preliminary performance specifications of
PrismRA are a negative predictive value (NPV)
of 9> 2% and a true negative rate (TNR) of 50%,
3

which means that PRISM RA predicts 50% of
Figure 1: Current RA biologics treatment protocols, dominted by anti-TNF drugs17
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discussions with the rheumatology and payer
community to determine the optimal clinical
end points. Once the clinical trial achieves
its end points, PrismRA will be offered
commercially as a Laboratory Developed Test
(LDT) in a CAP-proficient, CLIA-certified lab.

associated with a high rate of adverse events
and co-morbidities, which should be avoided
if the therapy is predicted to be ineffective in
the patient.

A significant portion of patients
don’t respond to anti-TNF therapy,
but are exposed to the side effects
The TNFa protein is a potent and central
mediator of inflammation and microbial
immunity, as well as many homeostatic
physiological functions. It is the key target
of anti-TNF drugs for the treatment of
autoimmune diseases. TNF was discovered over
40 years ago and is expressed by monocytes,
macrophages and activated T cells in response
to endotoxins, as well as many non-immune
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cells. This pleiotropic role of TNF activation
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leads to a wide range of responses in diverse
cell types, and hence explains why anti-TNF
therapies have such important impacts on
anti-inflammatory aspects of auto-immune
diseases but also why they have such severe
and debilitating side-effects.
The ACR scoring system measures the amount
of improvements in their patient’s RA after
being treated by medication. ACR20 represents
a 20% improvement in disease condition
on a scale that includes 28 designated joints,
ACR50 represents a 50% improvement
and ACR70 a 70% improvement. The ACR
score takes into account factors such as
inflammation (laboratory results), patient and
physician assessment, pain assessment and
a disability questionnaire.
Anti-TNF therapies have dramatically
changed clinical management of patients
with autoimmune diseases. When anti-TNF
therapies were approved it was based on

Stopped therapy due to adverse events

10%

Infusion or injection site reactions

3 to 20%

Drug-related lupus-like reaction

1%

Serious infections

3%

Tuberculosis

0.05%

Non-Hodgkin’s lymphoma

0.06%

patients mainly achieving ACR20 criteria.18
However, the current ACR treatment target
is now assessed based on ACR5019 and fewer
patients reach this goal on anti-TNFs than
achieved ACR20 in the pivotal registration
trials that drove the approval of these agents.
Claxton et al. presented anti-TNF efficacy

Figure 2: Safety/toxicity of anti-TNFs22

Figure 3: ACR treatment recommendation Treatment for RA usually is initiated with non-biologic DMARDs.
However, when symptoms, persist, the 2015 ACR guidelines recommend:

rates by degree of ACR response based on
reported trial data showing that monotherapy
or combined therapy with biologics achieves
22-42% or 20-39.1% ACR50 response and 6-25%
or 10-21% ACR 70 response after 6 months,
respectively.20 When collating ACR50
response rates from peer-reviewed literature
that examines those values for ant-TNF
therapies, we see an average 34% response
rate. Additionally, a number of patients lose
response after a period of time due to several
factors. These include patient compliance with
medication regimen, effective therapeutic
drug levels reached in an individual and
development of neutralizing antibodies to
the medication.21 These factors can differ
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among the unique molecular entities even
within the same class of drugs. As seen
in table of Appendix A, there are many
molecular constructs within the same class of
drug. Thus, the immunogenic response and
pharmacodynamics/pharmacokinetics for
each molecule will be unique.
Since anti-TNF treatment is
immunosuppressive, patients should be
screened for TB and Hepatitis B virus, and
appropriately treated for these conditions
if tests return positive. It is also important
to ensure that patients are up to date on
immunizations, particularly those against
influenza, pneumococcal infection, and
human papillomavirus infection.18. Live
vaccines are contraindicated while patients
are on anti‑TNF therapy and for 1 month
after stopping therapy. Anti-TNF agents
are used with caution in patients with a
history of malignancy. Other potential
adverse effects of anti-TNF therapy include
acute infusion reactions, which occur in
approximately 10% of patients treated,
and serious infusion reactions including
anaphylaxis, convulsions, and hypotension,
which occur in approximately 1% of patients
receiving intravenous monoclonal antibodies.
Injection site reactions can also occur with
subcutaneously administered anti-TNF agents.

Appendix A: Biologic drugs approved for the treatment of RA
Name

Brand Name

Target

Molecular Construct

Route of Administration

Abatacept

Orencia

T-cells

Fc region of the immunoglobulin
IgG1 fused to the extracellular
domain of CTLA-4

IV/SC

Adalimumab

Humira

Anti-TNFa

Fully human mAB

SC

Adalimumab
biosimilar
(not USA)

Amjevita

Anti-TNFa

Anakinra

KIneret

IL-1 Receptor agonist

Recombinant, non-glycosylated
version of human IL-1RA

SC

Etanercept

Enbrel

Anti-TNFa

TNF receptor-IgG
fusion protein

SC

Etanercept
biosimilar
(not USA)

Ereizi

Anti-TNFa

Rituximab

Rituxan

Anti-CD20

Chimeric mAB

IV Infusion

Infliximab

Remicade

Anti-TNFa

Mouse-human chimeric mAB

IV

Infliximab
biosimilar

Inflectra
Renflexis

Anti-TNFa

golimumab

Simponi
Simponi Aria

Anti-TNFa

Human mAb

SC, IV

certolizumab
pegol

Cimzia

Anti-TNFa

Pegylated Fab fragment
of humanized mAb

SC

tocilizumab

Actemra

Anti-IL6R

Humanized mAb

IV infusion, SC

Sarilimumab

Kevzara

Anti-IL6R

Humanized mAb

SC

SC

SC

leukocytoclastic vasculitis, rash including

American College of Rheumatology
guidelines support alternative
therapies for treating RA

psoriasiform rash, demyelinating disorders.

American College of Rheumatology (ACR)

Drug-induced lupus has also been observed.

recommends19 that the primary target for

If a patient develops a psoriasiform rash, this

treatment of RA should be low disease activity

almost always resolves with cessation of the

or a state of clinical remission. Main goals

anti-TNF agent. If another anti-TNF agent is

of the guidelines include a treating to target

initiated, the risk of recurrence of the adverse

approach for early and established RA patients,

event is approximately 50%. Serious infections

with a goal of achieving an ACR of 50 or 70.

occur in 2–4% of patients treated with

The primary goals of treating RA patients is to

anti‑TNF therapy.

maximize long-term health-related quality of

If disease activity remains moderate or high

life through control of symptoms, prevention

despite DMARD monotherapy (with or

of structural damage, normalization of

without glucocorticoids), use combination

function and participation in social and

DMARD or a TNFi or a non-TNF biologic

Other possible adverse effects include
neutropenia, hepatotoxicity, serum sickness,

work-related activities; and treatment to target
by measuring disease activity and adjusting
therapy accordingly optimizes outcome in RA.
Advances in drug development and improved
understanding of the disease have further
aided in the ability of the international
rheumatology community to define a
treatment target and therapeutic adaptations
to reach it. An example is the ACR treatment
recommendation decision tree below.19
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(all choices with or without MTX, in no

period.25 The rise in anti-TNF therapy prices

Conclusion

particular order of preference), rather

stands in stark contrast to the response

The PrismRA test will give rheumatologists

than continuing DMARD monotherapy

rates of these drugs at the levels meaningful

a stratification tool and scientific rationale

alone (PICO A.7)

in clinical practice today. The Institute

to select therapies for RA patients ahead of

for Clinical and Economic Review (ICER)

therapy initiation. By identifying patients

recently concluded that anti-TNF therapies

that will not respond to anti-TNF therapies,

were not cost effective at their current

the response rates in the population that is

price points. Furthermore ICER showed that

prescribed the therapy would increase and

anti-TNF drug costs would need to decrease

non-responders can be offered alternative

in the range of 48-69% in order to become

approved medications quicker than they would

cost‑effective at the commonlyaccepted

in current standard-of-care clinical practice.

Quality Adjusted Life Year (QALY) threshold

As a result, more RA patients will quickly

of $100,000‑$150,000 annually.26

achieve remission or good response (ACR50)

The guidelines specifically address the use
of non-TNF biologics, and several such
therapies have been proven to be effective
and are approved for the treatment of RA.
As a result, PrismRA and the ability to predict
non-response to anti-TNF therapy and move
patients to other biologic DMARD therapies,
fits into the recommended treatment
algorithm defined by the ACR.

Health economic case for patient
stratification in rheumatoid arthritis
7

The determination of non-response, as
compared to response, to anti-TNF therapy
is equally valuable from an economic
perspective. Since anti-TNF therapies are
assigned as a first-line biologic DMARD
therapy in 91% of patients, the clinical utility
lies in the rheumatologist’s ability to not assign
an anti-TNF therapy, thereby increasing both
the response rate to anti-TNF therapy of the
patient pool that is prescribed the therapy,
and removing an ineffective therapy from the
anti‑TNF non-responders’ treatment plan.

Lastly, the costs of adverse events and
comorbidities for patients on anti-TNFs
compound the ineffectiveness of these
therapies in a non-stratified patient population
(current status quo). Recent robust data has
emerged, determining the downstream costs
of anti-TNF therapy dispensing from a payer
perspective through collaboration with the
WEA Trust, a non-profit health insurer in
Wisconsin. Recently presented at ISPOR 2017,
the results show that Emergency Room visit
costs per dispense are $522, $256, and $190
for Cimzia, Humira, and Enbrel respectively.
Total downstream costs defined as ER visits,
Hospitalizations, and Ambulance Transport

The removal of ineffective anti-TNF therapy

come to average $442 per dispense among

is a driving factor in reducing medical waste

the 3 anti-TNF therapies Cimzia, Humira, and

in RA, whose drug spend makes up 25% of US

Enbrel.27 Together, this economic data creates

specialty drug spend. As anti-TNF the rapies

a powerful argument for patient stratification

have become more prolific, their costs have

in RA drug assignment, particularly from the

also risen considerably. The retail cost

insurer and patient perspective. Currently

of Enbrel has increased 80.3% since 2013,

many non-responders continue to take anti-

exceeding $4,000 for a 30-day supply, while

TNF therapy up to 12 months before switching

the price of Humira increased 68.7% to roughly

to an alternative treatment costing payers tens

23

$3,700 in the same time frame. While those

of thousands of dollars annually in wasted

increases do not take into account rebates or

prescription and treatment costs. While rarely

discounts, the increases remain substantial

discussed together, the patient suffers disease

even after adjusting for these variables.

progression and adverse events during

A recent analysis of both list and net price

nonresponse to therapy, while the insurer

changes from 2009-2015 found that percentage

bears the economic cost (and shares it with the

increases in net prices for Humira and

patient, increasing financial toxicity).

24

Enbrel increased at rates 12-15 times higher
than general inflation in the same time

than by following the current paradigm,
resulting in improvements in patient outcomes
and significant health cost savings. n
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