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Definitions 

Phenotyping is the process of analyzing, determining, or predicting an 
organism's phenotype (observable properties determined by the set of genes 
and environmental factors) including its physical appearance, 
development, and behavior. 

Personalized medicine (precision medicine): 

 A form  of  medicine  that uses information  about a person’s genes,  proteins,  environment,  
and  lifestyle  to  prevent, diagnose, or  treat disease  (National Cancer Institute). 

A medical model using  characterization of  individuals’  phenotypes  and  genotypes  (e.g.  
molecular p rofiling,  medical imaging,  lifestyle  data) for  tailoring the  right therapeutic 
strategy  for th e  right person  at the  right time, and/or  to d etermine  the  predisposition  to  
disease and/or  to  deliver timely and  targeted  prevention  (The  European Commission). 
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Do we need phenotyping for managing pain and OUD? 

Buprenorphine/Methadone maintenance: 

 NNT 2-3 for retention in treatment 

 NNT ≈40 for prevention of an opioid 
overdose death 

Finnerup et al, Lancet Neurol 2015; Schoenfeld et al, JAMA Network Open 2020 
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 Examples of phenotyping-based approaches 
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  Opportunities to examine phenotypes of pain and OUD 

Cancer chemotherapy Surgery 

 10-20% (not  everyone!) will develop  
chronic post-surgical pain (CPSP) 

 6-9%  will start using  opioids chronically 

 10-20% (not everyone!) receiving certain 
types of chemotherapy will develop painful 
peripheral neuropathy (CIPN) 

 Double the rates of opioid use compared to 
cancer patients without CIPN 
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Non-personalized medicine: opioid use after surgery 
 36 patients undergoing total knee arthroplasty 

procedure (TKA) 
 Actigraphy monitoring with Activité Steel HR watch 
Mobile app-based recording of pain scores, opioid use 

and sleep quality 

Michael Bottros, Lara Crock, MD, Kate Meacham, 
MD PhD MD, PhD 

Opioid prescription at discharge: 54.4 MME/day 

Actual opioid use: 28.1 MME/day 

Cumulative unused excess: 28,404 MME 
* Equivalent to 3,787 unused Oxycodone 5mg pills 

MME: oral morphine mg equivalents 
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Do genomic factors interact with social determinants 
of health to influence risk of pain and OUD? 

Multi-ancestral genome-wide association 
study to identify genetic variants and genes 

associated with chronic pain conditions 
Emma Johnson, 
PhD 

Use GWAS to develop polygenic scores (PGS) 

Individuals with co-occurring chronic pain + opioid use 
disorder (OUD) have lower SES and higher genetic 

liability than those with only one diagnosis 

Supported by R03DA059747 through All of Us’ Extramural Program to Advance Research (EPAR) 
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Individual trajectories: Pain and analgesic needs after surgery 

Postoperative Ecological Momentary Assessment (EMA) 
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Unpublished data, P5 (Personalized Prediction of Persistent Post-surgical Pain) study 
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  What will determine an individual patient’s trajectory? 

Department of Anesthesiology 



 

    

 
 

 

   

 

Sex Anesthetic approach 
Age 

Anxiety and Depression Genetic Factors 
SURGERY ASSESSMENT CLASSIFICATION Expectations 

Pre-operative chronic 
pain and analgesic use 

Catastrophizing 

Pain processing / 
Sensory Phenotype 

Smoking 
Acute Pain Experience 

Cognitive parameters 

Inadvertent nerve injury 

Other complications of surgery 

Surgeon’s training level 

CPSP – How do we identify patients at risk? 
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  CPSP risk and its prediction 
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https://psp-risktools.shinyapps.io/psp_risk/ 
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   Sepsis - Example of Comprehensive Phenotyping 

Pratik Sinha, MD 

Sinha et al, Lancet Respir Med 2023 
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Applying Patient Phenotyping approaches to CPSP 

684 patients from P5 cohort who developed chronic post-surgical pain (CPSP) 

Preoperative data used to generate clusters, using K-mean clustering 

Cluster 1 (blue): 

 High depression 
 High anxiety 
 High catastrophizing 
 Poor sleep 
 Poor cognitive abilities 
 Younger age 
 Poor physical function 
 Low self-reported resilience 

Unpublished data, Haroutounian lab 
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      Our view of next step in phenotyping approaches to CPSP 

Supported by HEAL 1RM1NS135283 
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  Patient perspectives for phenotyping and personalized medicine 

Katie Holzer Chris Veasley Robert Kerns Robert Dworkin 
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Phenotypes, predictors, and what patients care about 

Alex Hincker, Karen Frey Rajiv Shah, Lesley Rao, Leonid Kagan, Benjamin Tan, 
MD MD MD PhD MD 

Pregabalin Placebo P value 

Evoked pain (NPSI), % reduction 30% 12% 0.02 
Han F, Smith MT et al, 2018 
0 1 0  2 0  3 0  

0 

2 

4 

6 

8 

W  o  rs t  D  a ily  P  a in  O  v  e r  T  im  e  

D  a y  

W
 o

 r s
 t 

D
 a

 il
y 

P
 a

 in
 (

N
 R

 S
 ) P  re g  a b a  lin  

P  la c  e b o  

B 

Department of Anesthesiology 



 

     

    

  

 

Can we “dig deeper” while focusing on what patients care about? 

Andrew Pall Karlsson, 
Shepherd, PhD PhD 

Macrophage density in human skin fibers 

Shepherd et al, J Neurosci 2018 
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Exploring Patient and Clinician Perspectives on Risk Prediction 
for Chemotherapy-Induced Peripheral Neuropathy (CIPN) 

Joanna Justin Stout Katie Holzer, Karen Frey 
Themes that are important for patients: Abraham, PhD PhD 

 Be able to attain full benefit of chemotherapy and not require dose reduction / 
discontinuation due to neuropathy 

 Be better informed about risks of CIPN, and participate in shared decision making 

 Having a sense of individual risk will help make decisions about participating in prevention 
trials 

Supported by HEAL 1R41CA277875 
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     Prediction of CIPN to inform personalized care and research 

Patient cohort – chemotherapy candidates 

Screening for CIPN risk 

High Risk Low Risk 

Randomize to 
interventions 

Supported by HEAL 1R41CA277875 
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Summary 

 One-size-fits-all approach does not work for pain prediction or treatment; results in patient 

harm and recourse/time waste 

 Phenotyping approaches has been used, mostly unimodal, with limited applicability so far 

 Performing comprehensive phenotyping where mechanistic insights can be gained (e.g., with 

genotyping and multi-omics) likely to provide added beneficial 

 Critical to maintain patient-centered focus 

 Opportunity to develop animal models that are phenotypically aligned, to bridge translational 

gaps 
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