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The critical role of the lab in
enabling RA diagnosis and care

This white paper presents diagnostic insights that lab testing can provide to help you
improve outcomes for your rheumatoid arthritis patients throughout the care continuum.

Inside, you'll find best practices that can help you provide patients a faster path
to symptom relief:

- |dentify key biomarkers for early diagnosis

- Assess disease severity

 Implement effective treatment strategies through molecular signature testing

« Monitor response to therapies and adjust as needed

Critical points of impact: diagnosis, risk stratification,
therapy selection, monitoring
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The critical role of the lab
in enabling RA diagnosis and care

Introduction

Autoimmune rheumatic diseases (ARDs) are a diverse

group of conditions that primarily affect the joints, bones,
muscle, and connective tissue. Aside from that commonality,
ARDs often manifest in a web of overlapping presentations
that pose a long and often complicated diagnostic odyssey,
compromising the quality of life for many patients. There are
more than 100 forms of arthritis affecting more than 60 million
Americans.! Rheumatoid arthritis (RA) is the most common
type of autoimmune arthritis, affecting an estimated

1.3 million Americans.?
60M 1.3M
suffer from RA?

suffer from arthritis’

Advances in pharmacotherapies have evolved greatly in the
past 2 decades, providing symptom relief for many patients
with RA. Accurate and timely diagnosis is the key step in
determining the appropriate disease-suppressing therapy
to reduce joint pain, swelling, and damage and improve a
patient’s quality of life.®* The road to the right treatment,
however, is not always a straightforward process and entails
highly patient-specific therapeutic planning. Considerations
of the appropriate therapy, dosing, toxicity, and autoimmune
response are often at the forefront of disease management.
As such, laboratory testing has advanced to support
rheumatologists across the continuum of RA care

from diagnosis to treatment and monitoring of the disease.

Lab testing across the continuum of care

Clinical laboratory testing offers tools to aid in diagnosis,
treatment selection, and monitoring of RA disease activity.

The mercurial nature of autoimmune rheumatic diseases
requires a care plan that is continually monitored and amended
to address the patient’s evolving needs and drug response.
Therefore, testing is fundamental to care beyond achieving the
initial diagnosis and may help to guide changes to therapies

Figure 1. The continuum of RA testing: diagnosis, monitoring,
and treatment optimization and management.
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before the patient is negatively impacted by diminishing
efficacy of their current treatment (Figure 1).

Identifying key biomarkers for earlier diagnosis

The American College of Rheumatology (ACR) last

offered diagnostic guidance in 2010 (Table 1). Today, the
recommendations lag laboratory advances and continue to
specify markers with known limitations. C-reactive protein
(CRP) and erythrocyte sedimentation rate (ESR) are general
inflammatory markers, but are not specific to RA. The 2 markers
most closely associated with RA are rheumatoid factor (RF)
and anti-citrullinated protein antibodies (ACPA), measured as
anti-cyclic citrullinated peptide (CCP). RF has low sensitivity
and low specificity. CCP’s sensitivity is usually higher than RF,
but its chief advantage is its very high specificity.

Table 1. Who should be tested for RA? The ACR guideline for screening
RA: 1 joint with definitive clinical synovitis (swelling), not explained by
another disease and a total score of 6 or greater from the ACR/EULAR
classification criteria for RA.

Score of 2 6/10 needed for “definite RA”

Joint involvement
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Combining multiple markers for increased
diagnostic accuracy

By combining tests for multiple markers, greater diagnostic
accuracy may be achieved. Assessing the combination of
RF and CCP antibodies provides greater sensitivity than
either assay alone and is a common strategy in the clinical
evaluation of suspected RA. However, seronegativity rates
for RF and CCP, which can range from 28% to 44% of RA
patients,®is a major limitation of these markers and can
delay proper diagnosis and treatment. Therefore, these
conventional assays alone are suboptimal for screening RA
as seronegative patients may be overlooked based on the
current criteria.

The past several years have seen a search for biomarkers
which might increase sensitivity in order to identify the
minority of RA patients who are negative for either RF or CCP.
Candidates have included 14.3.3 eta,® antibodies to proteins
with other similar post-translational modifications such as
carbamylated protein,” antibodies to the enzyme responsible
for citrullination,® and antibodies to specific citrullinated
proteins such as collagen, fibrinogen, alpha-enolase, and
vimentin.?

Vimentin is an intermediate filament protein found in
mesenchymal cells. Antibodies to citrullinated vimentin
(called anti-Sa) were among the first antibodies to specific
citrullinated proteins to be identified and were discovered to
be highly specific for RA.'® However, their sensitivity (40%)
was too low to be considered an additional diagnostic marker.
In 2007, investigators discovered that vimentin in synovial
macrophages in RA was mutated and expressed increased
numbers of arginine residues, the target for the enzyme
responsible for citrullination. Antibody activity in RA patients
against mutated citrullinated vimentin (MCV)—as opposed to
wild-type—was markedly enhanced, while maintaining high
specificity (Figure 2).11:12

Since then, many studies have documented the diagnostic
performance of the MCV antibody test.”®"” When CCP and
MCV are tested in parallel, overall sensitivity increases

to 77%'%;in early RA, the sensitivity reached 81.2% when
anti-MCV and anti-CCP positive results were used as one
combined criterion (Figure 3)."°

The prevalence of serum anti-MCV in patients with early

RA (78.2%, 133/170) was significantly higher than that of
other rheumatologic patients and patients with infectious
diseases,'® helping to identify patients with undifferentiated
arthritis who will develop RA in the future'®?° and predict risk
for progression of severe disease.?"%*

By implementing an RA screening protocol that combines
key markers, clinicians may be better enabled to make
care decisions across the RA patient journey from early RA
diagnosis, treatment planning, and ongoing care planning.

Figure 2: Scattergrams showing antibody reactivities against
wild-type vimentin (wt) and mutated vimentin (MV) and against their
citrullinated analogs (cwt and MCV, respectively), using sera from
rheumatoid arthritis (RA) patients and healthy volunteers.

OD = optical density; NS = not significant."
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Figure 3: Cumulative benefit of RA marker detection
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The role of lab testing
in pretreatment screening

NSAIDs, steroids, disease-modifying antirheumatic drugs
(DMARDs), biologics, anti-tumor necrosis factor (TNF)

drugs, and JAK inhibitors are the medications most commonly
used to treat symptoms of RA. These drugs can slow the
progression of RA and save the joints and other tissues from
permanent damage. However, RA treatments come with
well-documented risks.

Determining the potential for increased risk of infection

Corticosteroids, DMARDs, and targeted biologic therapies

can be life-changing treatments for RA patients. However,
these therapies suppress immune response and therefore
pose greater infection risk to patients with already high
infection susceptibility.?® Biologic therapies specifically inhibit
targeted molecules of the immune system to better achieve
disease control, at the expense of increased risk of infections.
Clinicians need to consider various risk factors when selecting
the most appropriate biologic therapy for RA patients, as well
as precautions and screening for specific infections such as
tuberculosis, intracellular bacterial infections, chronic viral
infections, hepatitis B, hepatitis C, and HIV. Because of this
risk, pretherapeutic laboratory screening is recommended by
the American Academy of Dermatology, American College of
Gastroenterology, and the ACR.26?

Reducing risk of toxicity

Laboratory testing may also assist physicians in avoiding
adverse drug events. Patients who carry defective alleles
of TPMT are more likely to experience life-threatening
toxicity when they are treated with thiopurine drugs, purine
antimetabolites widely used in the treatment of ARDs.

The FDA-approved labels for thiopurines recommend
testing for the common TPMT gene mutations (genotype)
or TPMT activity (phenotype) before beginning treatment.?
Likewise, because the DMARD methotrexate, an effective
immune-system suppressant and common first-line therapy
for the treatment of RA, can affect the liver, RA treatment
guidelines recommend laboratory testing for liver function
before initiating methotrexate treatment.?

Despite increased risks associated with RA therapies,
many serious side effects can be reduced or prevented with
prescreening testing to identify individuals for whom certain
therapies will be ineffective or potentially dangerous.

Identifying the right treatment for the right patient

An ongoing challenge in RA treatment relates to forced
trial-and-error in therapy selection. While up to 90% of
patients with RA are treated with TNFi therapies as first-line
biologic or targeted synthetic DMARD,*%3" only one-third of
patients reach ACR50 at 6 months with a biologic treatment
after failing methotrexate.®*3

90%

of RA patients are treated
with TNFi therapies as
first-line biologic®®

1/3 2

of those treated patients
reach ACR50 at 6 months3°-32

PrismRA® from Scipher Medicine is a blood-based,

precision medicine, molecular signature response classifier
(MSRC) that predicts inadequate response to TNFi therapy in
RA. Patients with a molecular signature of inadequate response
can be directed to a more appropriate therapy selection.

With tailored insights to treatment response, studies indicate
that patients are nearly twice as likely to reach low disease
activity or remission (Table 2).

Interpretive criteria

9.2 Patient may be likely to respond to a TNFi
12.4 Patient has a 10% chance of responding to a TNFi
21.5 Patient has a 5% chance of responding to a TNFi

<10.6 = no detectable molecular response signal of nonresponse to TNFi therapies
210.6 = high signal of inadequate response to TNFi therapies
218.5 = very high signal of inadequate response to TNFi therapies



Adjusting treatment plans, assessment of
disease progression and therapy monitoring

Once a treatment plan is developed and initiated, laboratory
testing may further aid the physician in maximizing
effectiveness of RA therapeutic agents.

Assessing DMARDs response

Therapeutic response to methotrexate can vary widely

among patients based on dosage and administration method.*®
However, 30% to 40% of RA patients do not adequately
respond to these treatments.® Therefore, a test indicating
whether a patient has achieved an expected therapeutic goal
using a specific dosage is instrumental in ongoing treatment
planning for optimal disease management. The test may also
help to rule out noncompliance with prescribed therapy.

30% —-40%

of RA patients do not adequately respond
to DMARDs?®

Tailoring biologic agents

Biologic agents are biomanufactured in a living cellular system
and represent another drug class that can be effectively used in
the treatment of RA.*” They are considered to be less toxic and
generally regarded to be better tolerated in the human

body than DMARDs. Adalimumab is a human monoclonal
antibody (MADb), and infliximab is a mouse-based MAb. Because
of this difference, adalimumab can be self-administered

by patients at home, whereas infliximab/Inflectra® must be
infused in a clinician’s office and is usually combined with

an antihistamine to reduce allergic response while infusing.
Laboratory testing can help identify those patients who are
likely to achieve a long term, stable response.®®

Many patients, however, will not respond to an individual
biologic agent and the right dosing, tailored to each individual
patient, could be difficult to achieve and maintain (Table 3).
Clinical research shows that dosing biologic agents for RA by
weight and empiric titration is often inefficient,**“° leaving the
physician to prescribe sequential biologics and dose levels in
an iterative trial-and-error process until an effective treatment
dosage can be determined. For some patients, this process can
be lengthy, allowing for further joint damage and prolonging the
time to relief.
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To mitigate this process, therapeutic drug monitoring assays
provide physiological insight to tailor biologic therapy.*!
Physicians can monitor circulating levels of biologic agents
such as infliximab and adalimumab in the patient’s blood and
make dosing and frequency changes more rapidly than relying
on the patient’s symptomatic response alone (Table 3). Testing
can also help differentiate noncompliance and undertreatment
from other factors that may cause a lack of response.

Table 3:Incidence of nonresponse to adalimumab and infliximab for
treatment of RA

Indication Adalimumab?®* Infliximab and Infliximab-dyyb#de

............................................................................................

RAf Week 52:27% Week 30: 40%-50%
(MTX-naive)e (MTX-nonresponsive)>&

Week 104:31%
(MTX-naive)s

Week 54:41%-58%
(MTX-nonresponsive)®¢

Week 54:34%-38%
(MTX-naive)>#

ACR, American College of Rheumatology; MTX, methotrexate.

a. HUMIRA® (adalimumab). Prescribing information. AbbVie Inc; 2020. Accessed May 13, 2020.
https://www.rxabbvie.com/pdf/humira.pdf

b. Study design, dosage regimens, and patient population (eg, methotrexate-naive vs no
response to methotrexate) varied by drug and disease. Ranges are presented in this table
if multiple doses or trial arms were presented in the package insert. See package insert for
specific information.

c.Adalimumab is also indicated for treatment of juvenile idiopathic arthritis, hidradenitis
suppurativa, and uveitis. See package insert for response rates.

d. REMICADE® (infliximab). Prescribing information. Janssen Biotech Inc; 2020. Accessed
June 29, 2020. http://www.janssenlabels.com/package-insert/product-monograph/
prescribing-information/REMICADE-pi.pdf

e. INFLECTRA® (infliximab-dyyb). Prescribing information. Pfizer Inc; 2019. Accessed May 13,
2020. http://labeling.pfizer.com/ShowLabeling.aspx?id=9271

f. Nonresponse is defined as not meeting ACR 20 response (220% improvement for ACR
response criteria).

g.In combination with methotrexate.

Addressing immunogenicity

One factor that may cause diminished response to treatment
over time is immunogenicity.*? The biologic agents used to treat
RA are intrinsically immunogenic, as they represent complex
proteins which are manufactured outside of the body. Antidrug
antibodies (ADAbs) develop in up to one-third of patients on
biologic therapy, making immunogenicity a primary cause

of loss of efficacy observed in RA patients. When a patient
produces ADAbs sufficient to suppress the effects of biologic
therapies, the physician may opt for an alternate biologic agent.
With careful monitoring, physicians can use a combination

of strategies to optimize care including cotherapy with
methotrexate,* titration of drug levels, and maintenance
dosing (vs on-demand use) to help reduce the risk of antidrug
antibody formation.



Conclusion

If left untreated or undertreated, RA results in severe joint
damage leading to impaired physical function and even
disability. Clinical best practice cites early identification,
assessment of disease severity at diagnosis, and rapid
implementation of an effective treatment strategy as key
determinants of patient prognosis.®
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When combined with pretreatment testing, infection screening,
and analysis of liver function and drug toxicities, physicians can
more confidently manage treatment across the continuum of
RA care. As a result, physicians can achieve faster diagnosis,
reduced therapeutic risk, optimized treatment plans, and
proactive monitoring of therapy. For the patient, comprehensive

RA testing ensures cost-effective care with effective dosing and

RF and CCP are the 2 markers most closely associated with RA, .
a faster path to symptom relief.

but adding MCV to CCP can dramatically increase sensitivity.”®
As a complementary marker, MCV can enable an earlier
diagnosis since antibodies can be detected earlier in the course
of the disease than CCP or RF. MCV can also help identify
patients with undifferentiated arthritis who may develop RA

in the future,'®? and predict risk for progression of severe
disease.?#

References
1. Arthritis Foundation. About Arthritis. Accessed October 12, 2022. https:/www.arthritis.org/about-arthritis
2.XuY,Wu Q. Prevalence trend and disparities in rheumatoid arthritis among US adults, 2005-2018.J Clin Med. 2021;10(15):3289.
doi:10.3390/jcm10153289
3.Vermeer M, Kuper HH, Hoekstra M, et al. Implementation of a treat-to-target strategy in very early rheumatoid arthritis: results of the Dutch
Rheumatoid Arthritis Monitoring remission induction cohort study. Arthritis Rheum. 2011;63(10):2865-72. doi:10.1002/art.30494
4. Aletaha D, Neogi T, Silman AJ, et al. 2010 Rheumatoid arthritis classification criteria:an American College of Rheumatology/European League
Against Rheumatism collaborative initiative. Arthritis Rheum. 2010;62(9):2569-81. doi:10.1002/art.27584
5.Jansen AL, van der Horst-Bruinsma |, van Schaardenburg D, et al. Rheumatoid factor and antibodies to cyclic citrullinated Peptide differentiate
rheumatoid arthritis from undifferentiated polyarthritis in patients with early arthritis.J Rheumatol. 2002;29(10):2074-6.
6.Wang D, Cui, Lei H, et al. Diagnostic accuracy of 14-3-3 eta protein in rheumatoid arthritis: A meta-analysis. IntJ Rheum Dis 2020;23:1443-1451.
doi:10.1111/1756-185X.13921
7.Verheul MK, Bohringer S, van Delft MAM, et al. Triple positivity for anti-citrullinated protein autoantibodies, rheumatoid factor, and
anti-carbamylated protein antibodies conferring high specificity for rheumatoid arthritis. Arthritis Rheum 2018;70:1721-1731.
doi:10.1002/art.40562
8. Lamacchia C, Courvoisier DS, Jarlborg M, et al. Predictive value of anti-CarP and anti-PADS3 antibodies alone or in combination with RF and ACPA for
the severity of rheumatoid arthritis. Rheumatology 2021;60:4598-4608. doi:10.1093/rheumatology/keab050
9.Valesini G, Gerardi MC, lannuccelli C, et al. Citrullination and autoimmunity. Autoimmun Rev 2015;14:490-497.doi:10.1016/j.autrev.2015.01.013
10. El-Gabalawy HS, Wilkins JA. Anti-Sa antibodies: prognostic and pathogenetic significance in rheumatoid arthritis. Arthritis Res Ther 2004;6:86-89.
doi:10.1186/ar1171
11. Naides SJ, Marotta A. 14-3-3n in “Seronegative” Rheumatoid Arthritis.J Rheumatol. Oct 2015;42(10):1995. doi:10.3899/jrheum.150330
12.Bang H, Egerer K, Gauliard A, et al. Mutation and citrullination modifies vimentin to a novel autoantigen for rheumatoid arthritis. Arthritis Rheum
2007;56:2503-2511.doi: 10.1002/art.22817
13. Wagner E, Skoumal M, Bayer PM, Klaushofer K. Antibody against mutated citrullinated vimentin: a new sensitive marker in the diagnosis of
rheumatoid arthritis. Rheumatol Int 2009;29:1315-1321.d0i:10.1007/s00296-009-0854-2
14.Qin X, Deng Y, Xu J et al. Meta-analysis: diagnostic value of serum anti-mutated citrullinated vimentin antibodies in patients with rheumatoid
arthritis. Rheumatol Int 2011;31:785-794.doi:10.1007/s00296-009-1343-3
15. Kuna AT. Mutated citrullinated vimentin antibodies in rheumatoid arthritis. Clinica Chimica Acta 2012;431:66-73.doi: 10.1016/j.cca.2011.10.020
16. Diaz-Toscano ML, Olivas-Flores EM, Zavaleta-Muniz SA, et al. Comparison of two assays to determine anti-citrullinated peptide antibodies in
rheumatoid arthritis in relation to other chronic inflammatory diseases: assaying anti-modified citrullinated vimentin antibodies adds value to
second-generation anti-citrullinated cyclic peptides testing. Biomed Res Int 2014;2014:198198. doi: 10.1155/2014/198198.
17.Lee YH, Bae SC, Song GG. Diagnostic accuracy of anti-MCV and anti-CCP antibodies in rheumatoid arthritis: A meta-analysis. Z Rheumatol
2015;74:911-918.d0oi:10.1007/s00393-015-1598-x
18.Zhu JN, Nie LY, Lu XY, et al. Meta-analysis: compared with anti-CCP and rheumatoid factor, could anti-MCV be the next biomarker in the rheumatoid
arthritis classification criteria? Clin Chem Lab Med 2019;57:1668-1679.doi:10.1515/cclm-2019-0167
19.LiuX,Jia R, Zhao J, et al. The role of anti-mutated citrullinated vimentin antibodies in the diagnosis of early rheumatoid arthritis. J Rheumatol
2009;36:1-6.d0i:10.3899/jrheum.080796



(@) Quest

Diagnostics

20. Damjanovska L, Thabet MM, Levarth EW, et al. Diagnostic value of anti-MCV antibodies in differentiating early inflammatory arthritis. Ann Rheum
Dis 2010;69:730-732.d0i:10.1136/ard.2009.108456

21.Innala L, Kokkonen H, Eriksson C, et al. Antibodies against mutated citrullinated vimentin are a better predictor of disease activity at 24 months in
early rheumatoid arthritis than antibodies against cyclic citrullinated peptides. J Rheumatol 2008;35:6.

22.van der Linden MPM, van de Woude D, loan-Facsinay A, et al. Value of anti-modified vimentin and third generation anti-cyclic citrullinated peptide
compared with second-generation anti-cyclic citrullinated peptide and rheumatoid factor in predicting disease outcome in undifferentiated
arthritis and rheumatoid arthritis. Arthritis Rheum 2009;60:2232-2241.d0i:10.1002/art.24716

23. Degboe Y, Constantin A, Nigon D, et al. Predictive value of autoantibodies from anti-CCP2, anti-MCV and anti-human citrullinated fibrinogen tests,
in early rheumatoid arthritis patients with rapid radiographic progression at 1 year: results from the ESPOIR cohort. RMD Open 2015;1:€000180.
doi:10.1136/rmdopen-2015-000180.

24 El Shazly RI, Hussein SA, Raslan HZ, et al. Anti-mutated citrullinated vimentin antibodies in rheumatoid arthritis patients: Relation to disease
activity and manifestations. Egypt Rheumatol. 2014;36(2):65-70.doi:10.1016/.ejr.2013.12.009

25. Keyser FD. Choice of biologic therapy for patients with rheumatoid arthritis: the infection perspective. Curr Rheumatol Rev. Feb 2011;7(1):77-87.
doi:10.2174/157339711794474620

26. Menter A, Strober BE, Kaplan DH, et al. Joint AAD-NPF guidelines of care for the management and treatment of psoriasis with biologics.J Am Acad
Dermatol. Apr 2019;80(4):1029-1072.d0i:10.1016/j.jaad.2018.11.057

27.Singh JA, Furst DE, Bharat A, et al. 2012 update of the 2008 American College of Rheumatology recommendations for the use of disease-
modifying antirheumatic drugs and biologic agents in the treatment of rheumatoid arthritis. Arthritis Care Res (Hoboken). May 2012;64(5):625-39.
doi:10.1002/acr.21641

28.IMURAN® (azathioprine) [package insert]. May 2011. Accessed October 12, 2022.
http:/www.accessdata.fda.gov/drugsatfda_docs/label/2011/016324s034s035lbl.pdf

29. Arthritis Foundation. Understanding drug side effects and risks. Accessed October 12, 2022.
https://www.arthritis.org/health-wellness/treatment/treatment-plan/disease-management/understanding-drug-side-effects-and-risks/

30. Incerti D, Jansen JP. A description of the IVI-RA model v2.0. Updated January 2020. Accessed September 18, 2023.
https:/innovationvalueinitiative.github.io/IVI-RA/model-description/model-description.pdf

31.CurtisJRJain A, Askling J, et al. A comparison of patient characteristics and outcomes in selected European and U.S. rheumatoid arthritis
registries. Semin Arthritis Rheum. 2010 Aug;40(1):2-14.e1.doi: 10.1016/j.semarthrit2010.03.003

32.JinY, Desai RJ, Liu J, et al. Factors associated with initial or subsequent choice of biologic disease-modifying anti rheumatic drugs for treatment of
rheumatoid arthritis. Arthritis Res Ther. 2017 Jul 5;19(1):159. doi: 10.1186/s13075-017-1366-1

33.Curtis JA, Zhang J, Xie F, et al. Use of oral and subcutaneous methotrexate in rheumatoid arthritis patients in the United States. Arthritis Care Res
(Hoboken). 2014 Nov;66(11):1604-11.doi: 10.1002/acr.22383

34. PrismRA. Accessed August 31, 2023. https:/www.prismra.com/for-physicians/

35. Dervieux T, Zablocki R, Kremer J. Red blood cell methotrexate polyglutamates emerge as a function of dosage intensity and route of administration
during pulse methotrexate therapy in rheumatoid arthritis. Rheumatology (Oxford). Dec 2010;49(12):2337-45. doi:10.1093/rheumatology/keq216

36.Goodman S. Measuring methotrexate polyglutamates. Clin Exp Rheumatol. 2010 Sep-Oct 2010;28(5 Suppl 61):524-6.

37.National Institutes of Health. Handout on Health: Rheumatoid Arthritis. Updated November 2022. Accessed September 20, 2023.
http://www.niams.nih.gov/health_info/Rheumatic_Disease/default.asp#ra_2

38. Kneepkens EL, Krieckaert CL, van der Kleij D, et al. Lower etanercept levels are associated with high disease activity in ankylosing spondylitis
patients at 24 weeks of follow-up.Ann Rheum Dis. Oct 2015;74(10):1825-9. doi:10.1136/annrheumdis-2014-205213

39.Chen DY, Chen YM, Tsai WC, et al. Significant associations of antidrug antibody levels with serum drug trough levels and therapeutic response of
adalimumab and etanercept treatment in rheumatoid arthritis. Ann Rheum Dis. Mar 2015;74(3):e16. doi:10.1136/annrheumdis-2013-203893

40. Krieckaert CL, Nair SC, Nurmohamed MT, et al. Personalised treatment using serum drug levels of adalimumab in patients with rheumatoid
arthritis: an evaluation of costs and effects. Ann Rheum Dis. Feb 2015;74(2):361-8. doi:10.1136/annrheumdis-2013-204101

41.Vincent FB, Morand EF, Murphy K, et al. Antidrug antibodies (ADAD) to tumour necrosis factor (TNF)-specific neutralising agents in chronic
inflammatory diseases: a real issue, a clinical perspective. Ann Rheum Dis. Feb 2013;72(2):165-78. doi:10.1136/annrheumdis-2012-202545

42.Schaeverbeke T, Truchetet ME, Kostine M, et al. Immunogenicity of biologic agents in rheumatoid arthritis patients: lessons for clinical practice.
Rheumatology (Oxford). Feb 2016;565(2):210-20. doi:10.1093/rheumatology/kev277

43. Donahue KE, Gartlehner G, Schulman ER, et al. Drug therapy for early rheumatoid arthritis: a systematic review update. Rockville (MD): Agency for
Healthcare Research and Quality (US); July 2018.

QuestDiagnostics.com

Quest®, Quest Diagnostics®, any associated logos, and all associated Quest Diagnostics registered or unregistered trademarks are the property of Quest Diagnostics.
All third-party marks—® and ™—are the property of their respective owners. ©® 2023 Quest Diagnostics Incorporated. All rights reserved. EL12462 11/2023



