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50M-100M Americans has Chronic Pain

20M have High-Impact  Chronic Pain

Public Health Crisis of Pain



Emerging Tools & Technologies

• Patient Reported Outcomes (PROs)

• Biomarkers

–Multiomics

–Wearables & Continuous Monitoring

–Quantitative Sensory Testing (QST)

–Neuroimaging (Brain, Spinal cord, Nerve)

• Learning Health Systems



Challenges and Opportunities: Patient-Reported Outcomes

• Traditional 0-10 pain intensity scale overly 
simplistic with moderate consistency

• Pain as biopsychosocial phenomenon and 
importance of context

• Unmet Needs:
– Better capturing daily fluctuations (e.g. experiential 

momentary assessment)
– Tools reflecting true lived experiences of patients
– Integrating patient perspective with objective measures

• Foundation for exploring advanced measurement 
approaches



Pain Biomarker Categories and Examples of Use
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Monitoring

Detect a change in the degree or extent of pain

Patient selection or clustering for clinical trials

Serially assess progression of pain to pain or high-

impact chronic pain after injury or surgery

Identify individuals or clusters who are likely to 

respond to a specific treatment for pain

Determine natural history of pain or opioid use

Enrichment: inclusion/exclusion data for clinical trials

Efficacy biomarker/surrogate endpoint

Serially assessment for titration of 

drug to a therapeutic range

Indicate the potential for developing pain after injury, 

surgery, or disease

Indicate the likelihood of adverse event to 

a treatment
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Detect or confirm the presence of pain

Mackey, S., Greely, H., Martucci, K.. PAIN Reports. July/August 2019, p e762



Biomarkers & Multi-omics – Objective Evidence

• Biomarkers: Objective biological indicators of health or 
disease

• Multi-omic Biomarkers: Genetics, cytokines, proteomics, 
metabolomics, lipidomics, microbiome, etc

• No ‘omic biomarker yet established as a reliable biomarker 
of chronic pain

• SSA Implication: 

– Future inclusion in medical records (biomarker panels)

– Currently cautious interpretations



Wearable Technology – Real-Life Impact

• Track functions: steps, activity, HR, HRV

• Pain-linked changes in activity/sleep 
patterns

• Objective digital biomarkers of functional 
impairment

• SSA Implication: 
– Real-world evidence of pain's functional 

limitations



Quantitative Sensory Testing (QST)

• Standardized sensory testing (thresholds, sensitivity)

• Identifies pain mechanisms (neuropathic, inflammatory, 
central)

• Matches patients to targeted therapies

• SSA Implication: 

– Objective evidence of abnormal pain responses



Neuroimaging – Visualizing Pain

• Spinal Cord and Brain MRI/PET: “Pain 
signatures”

• Peripheral nerve imaging: Identifying 
pain sources

• EEG

• SSA Implication: Objective pain 
measures entering medical records

Martucci and Mackey, Anesthesiology (2018)
Mercer, Chen, Gilam, Mackey, and Scherrer, Science Translational Medicine (2021)



Need for Composite Multi-Modal Biomarker Signatures

Mackey, S., et al, Innovations in Acute and Chronic Pain Biomarkers: Enhancing 
Diagnosis and Personalized Therapy, Regional Anesthesia and Pain Medicine (2024)



Open source, open 
standard, flexible, and 
free platform for a 
Learning Health System 
(http://choir.stanford.edu)

Research: IRB, 
Datalake, Nero 
integration
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Application of 
precision 
medicine

Point of Care: 
The learning 

engine

Research 
Studies

Knowledge 
networkBiomarker 

Signatures

Learning Health System

National Academy of Medicine



• New tools rapidly emerging, promising 
objectivity

• Many approaches still in research stages
• Future: 

– Multi-modal, objective chronic pain 
assessment and improved patient reported 
outcomes

– Integration into learning health systems to 
make data actionable

• SSA to monitor validation and clinical 
acceptance





NIH HEAL grant: “Diagnostic and Prognostic Biomarkers of High-
Impact Chronic Pain: Discovery and Validation” (NIH R61NS118651)
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