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Biomarkers for Diagnosis?
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The Most Common Diagnosis in
Low Back Pain Is Disc Degeneration

Molecular mechanisms of biological
aging in intervertebral discs. o -
Vo et al. J Orthop Res 2016 YOUNG SPINE AGED SPINE
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MRI as the Gold Standard?

MRI study of asymptomatic
individuals with mean age 43,

529% had disc abnormality Percent of individuals >=65 with DDD

T12-L1 L1-L2 L2-L3 L3-L4 L4-L5 L5-S1 Any
Level

Degenerative lumbar disc and facet disease in older adults: prevalence and clinical correlates. Hicks et al. Spine 2009
Magnetic Resonance imaging of the lumbar spine in people without back pain. Jensen et al. NEJM 1994
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Imaging as a Biomarker

Lumbar Imaging in patients without indications of
serious underlying conditions does not improve
clinical outcomes

Imaging strategies for low-back
pain. Chou et al. Lancet 2009
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A Disc Specific Molecular Biomarker?

Responders to | Nonresponders
]n[ectmn to Inlectlun

Fibronectin—-aggrecan
complex present

Fibronectin—-aggrecan
complex absent

Outcome of Lumbar Epidural Steroid Injection Is Predicted by Assay of a Complex of
Fibronectin and Aggrecan From Epidural Lavage. Golish, et al. Spine 2011
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The Risks of Improper Selection

 Delay in appropriate treatment and risk of transition to chronic
e Financial

 Patient satisfaction

 Risk of procedures, injections and injectates

 Low back pain is a multi-factorial syndrome
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Existing Biomarkers Fall Short

e Imaging?
— Not relevant to symptoms
 Pain Scores?
— Subjective and variable relationship to function
e Assessment of Function?
— Celling and floor effects make survey selection challenging

* The need: Biomarkers with increased sensitivity to change of disease activity
In real time and specificity to patient phenotype and individual biology



Circulating Biomarkers May Have Greater
Utility than Imaging
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[dentification of candidate serum biomarkers for intervertebral

disk degeneration in an animal model. _ _ ,
Sowa et al. PM&R 2009 University of Pittsburgh
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Protein Biomarkers are Assoclated with Pain and Pain Related

R?=0.15
p=0.04

MRI
NPY
W other

Function
McGill Affective Pain Score

R?=0.17

R?=0.20

p=0.03

MRI

RANTES

Associations between serum biomarkers and pain
and pain related function in older adults with low back pain:
a pilot study. Sowa et al. JAGS 2014

MRI

CS846



University of Pittsburgh | Health Sciences

MRI does not correlate with pain or pain related function in older adults

Correlation between
composite MRI score and
painscore

R?=10.0005

Correlation between MRI
Index and pain score
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Biomarkers to Guide Treatment?



Biomarkers for Response to Exercise in LBP?

Tissue Biomarkers released in Circulating changes in inflammatory
response to loading markers in response to activity

associated with function

I Associations between

serum biomarkers and pain
and pain related function in
) older adults with low back pain:
a0 B pilot study. Sowa et al.
JAGS 2014

Media Fragment Concentration
CTX-Il (pg/ml): CS-846 (ng/ml)
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Biological responses to flexion/extension in spinal segments ex-vivo. . . .
Hartman et al. J Biomech 2012 University of Pittsburgh
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Circulating Biomarkers to Predict Response
to Epldural Steroid Injection

Inclusion Criteria Lumbar Epidural

- Age>18 Steroid Injection
- Low back pain > other ESI n=48

- Spinal injection

- Leg/radicular pain
- Sacroiliac joint pain
- Medical illness

pain

performed as part of
routine clinical care

Exclusion Criteria

- Pregnancy
- systemic inflammatory

conditions or recent
steroid use

Responder defined as >=50% improvement in NPRS



Responders (n=17) v. Non-Responders (n=31)

Responder NonResponder

.

Responder MNonResponder

*

ODI Changes

=15 -+

Pain Score Changes

—P=0.0001— —P=0.0001—
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Association of protein and genetic biomarkers with response to lumbar epidural steroid injections University of Pittsburch
in subjects with axial low back pain. Schaaf et al. Am J Phys Med Rehabil 2020. .



Protein Biomarkers in Plasma
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Baseline NPY (ngml)

Responder Non-Responder

Association of

protein and genetic biomarkers

with response to lumbar

epidural steroid injections in

subjects with axial low back pain
Schaaf et al. Am J Phys Med Rehabil
2020.

Baseline Serotonin

Responder Non-Responder

University of Pittsburgh



Genetic Biomarkers in Patients Undergoing ESI

NPY rs16147 SNP

B Nonresponder B Responder

Percentage of Subjects

Tc/cc
Genotype

AVPR1 rs10877969 SNP

m R der ® Non-Responder

[y

Percent of Subjects

Non-G-allele carrier G-allele carrier

Genotype

Percent of Subjects

Percent of Subjects

COMT rs4680 SNP

M Responder M Non-Responder

Non-A-allele carrier A-allele carrier

Genotype
COMT rs4633 SNP

m Responder ™ Non-Responder

Non-A-allele carrier

Genotype

Association of

protein and genetic biomarkers
with response to lumbar
epidural steroid injections in
subjects with axial low back pain
Schaaf et al. Am J Phys Med
Rehabil . 2020.

A-allele carrier
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Big Data using Clinical Biomarkers to
Predict Response
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UPMC Clinical Analytics
Oscar Marroquin, Steven Koscumb, Petr
Pancoska, Kevin Quinn, Susie Ho
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UPMC Rehabilitation Institute
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Improved Phenotyping with Biomarkers from Multiple Domains

A) Clinical Data Only B) SNP Data Only C) Clinical & SNP Data
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Increasing trend for ODI improvement
Increasing trend for ODI improvement
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Biomarkers to Phenotype
LBP Types
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Differences In Relationships with Pain and
Inflammatory Biomarkers

McaGill Pain Depression
Affective Scale
023* ] 00
0.0 | 0.15% ] 0.04

Gait SPPB
speed

FABQ

*Combinations of Biomarkers demonstrated larger significant associations



Network Phenotyping Strategy
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CLBP pain human subjects

Saliva Serum Spinal tissues
DNA Protein ‘/l
APPROACH l l
Omics: Genomics Proteomics Transcrlptomics
(whole genome sequencing) (mass spectrometry) (RNASeq)
Targeted: PCR ELISA, Western gRT-PCR

| l l

‘ Biological Data ‘

Biomechanical data

<} Behavioral data
Clinical data

Phenotyping CLBP

NIH

HEAL BACPAC

INITIATIVE £8P

B

Mechanistic Research Center

--Behavior
Biology
Biomechanics

NIH/NIAMS U19AR076725

The Person with Pain: Social, Behavioral,
and Psychological Context

Social Context:
stress, trauma, medico-legal,
social activity participation

Behaviors and Lifestyle:

physical activity, sleep,
smoking, alcohol, substances

yPs ychological:

general and pain-specific

\ emotions, beliefs,
\( cognltlons

// Pain Charactenst:cs \
\ /

—
—

Biplane Radiography Wearable Motion Sensors

Weara.hle IMUs
b ]

Performance-Based
Measures of Function

Sensitivity

Translational Potential
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The rigt treatment, for the
right patient, at the right time

Development of phenotyping
capabilities that includes clinical history,
exam, radiographic findings and
personal biology
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Rehabilitation:

Institute
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