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Variations in DNA

 Humans share 99.9% of their DNA

 The remaining 0.1% is what sets us apart from one another

 Physical appearance

 Susceptibility to disease

 Response to medications

 We can detect the sequence of DNA and identify changes that 
may make one patient more susceptible to a disease, or 
respond differently to a medication, than another patient.

 Reduce trial-and-error

 Avoid ADEs
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SNPs : Single Nucleotide Polymorphisms

 DNA is composed of nucleotides: 

 SNPs are polymorphisms at the 

single nucleotide level

 Not the same as a mutation! 

A SNP has to be present in at 

least 1% of population

 Our DNA has ~10 million SNPs. 

 One gene may have 1000s of SNPs

 Sometimes it is necessary to look at a combination of SNPs together

https://neuroendoimmune.wordpress.com/2014/03/27/dna-
rna-snp-alphabet-soup-or-an-introduction-to-genetics/www.Proove.com |  © 2016 Proove Biosciences, Inc. All Rights Reserved. 
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Which SNPs are clinically-relevant?

Pharmacodynamics: Site of action –

“What the drug does to the body”

Pharmacokinetics: Metabolism –

“What the body does to the drug”
Violin JD et al. 2014. Trends in Pharmacological Sciences. 35(7)

Analgesia
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Patients on or starting opioids

Patients on any medication

Patients experiencing pain

Patients on or starting Ibuprofen, 

Acetaminophen, Gabapentin, or Alprazolam

Patients on or starting NSAIDs

Proove Genetic Testing

Patients on or starting opioids
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Drug Metabolism Genetic Profile

Proportions of drugs metabolized by 

CYP450
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Active medication

T
O

X
IC

IT
Y

E
F

F
IC

A
C

Y

Increased 

activation 

of a prodrug

Decreased 

activation 

of a prodrug

Prodrug

e.g. Codeine

Tramadol

Hydrocodone

www.Proove.com |  © 2016 Proove Biosciences, Inc. All Rights Reserved. 

9

http://www.proove.com/


Drug Metabolism 

Intended Use:

Avoid ADEs, trial-and-

error and effectively 

choose medications 

likely to 

work for patients
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Clinical 
Utility

Correlation
with

Outcomes

Impact
on

Decision

Clinical
Actionability

In a prospective study of 122 patients, physicians who used the test rated its 
benefit on decision making as 3.88 on a 5-point scale (1.47 points higher 

than controls).

Physicians who used the test rated its benefit on patient care as 3.80 on a 5-
point scale (1.10 points higher than controls). Improvement within 60 days
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Opioid Response

Intended Use:

Avoid trial-and-error, 

ADEs, and effectively 

choose medications 

likely to 

work for patients
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Non-Opioid Response

Intended Use:

Avoid trial-and-error, 

ADEs, and effectively 

choose medications 

likely to 

work for patients
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Non-Opioid Response Genetic Profile

Clinical 
Utility

Correlation
with

Outcomes

Impact
on

Decision

Clinical
Actionability

In a prospective longitudinal study of 6,908 patients across 92 different 
research sites, physicians who used the test rated its benefit in decision 
making as a 4.08 on a 5-point scale (1.12 points higher than controls).

In a study of 6,908 patients, physicians who used the test rated the 
benefit in patient care as 3.95 on a 5-point scale (0.91 points higher 

than controls).
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We All Feel Pain Differently.

The test accounted for 96% of 

the population and correlated 

with sensitivity (p<0.0004) to 

experimental pain.

Human Molecular Genetics

The test was associated 

with multiple forms of pain 

stimuli.

Pain

The test influenced messenger 

RNA local stem-loop structures, 

directing downstream protein 

levels and enzymatic activity

Science

Objectively Assess Pain Perception
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Pain Perception Clinical Utility

COMT 
Activity

Pain 
Sensitivity

Clinical Implications

High Low

Quicker recovery from surgical 

procedures; lower opioid 

requirements; under-reporting pain

Moderately 

High

Moderately 

Low 

Quicker recovery from surgical 

procedures; lower opioid 

requirements

Average Average

Quicker recovery from surgical 

procedures; lower opioid 

requirements

Moderately 

Low 

Moderately 

High

Higher opioid requirements, may 

be magnifying pain 

Low High

Longer recovery from surgical 

procedures; higher opioid 

requirements; pain magnifying

Dai F et al. (2010) Association of catechol-O-methyltransferase genetic variants with outcome in patients undergoing surgical treatment for lumbar degenerative disc disease. The Spine 
Journal 10:949-957.

McLean, S. A. et al. Catechol O-methyltransferase haplotype predicts immediate musculoskeletal neck pain and psychological symptoms after motor vehicle collision. J Pain 12, 101-107, 
doi:10.1016/j.jpain.2010.05.008 (2011). 

Tammimäki, A. & Männistö, P. T. Catechol-O-methyltransferase gene polymorphism and chronic human pain: a systematic review and meta-analysis. Pharmacogenet Genomics 22, 673-
691, doi:10.1097/FPC.0b013e3283560c46 (2012) 

16

COMT
Dopamine

Epinephrine
Norepinephrine
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Condition



Pain Perception
Intended Use:

Interpret patient’s self-

reported pain to guide 

appropriate use of Rx 

and non-Rx treatment
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Pain Perception Genetic Profile

Clinical 
Utility

Correlation
with

Outcomes

Impact
on

Decision

Clinical
Actionability

In a prospective longitudinal study of 134 patients, physicians made a 
treatment change in 40% of patients

Comparing clinical outcomes of those who made treatment changes vs. 
those who did not, over 70% of patients improved in status after their 

physician made an action based on the genetic testing
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Opioid Risk

Intended Use:

Stratify risk to cost, 

effectively use opioids in 

low risk, monitor/rotate in 

moderate risk, avoid/limit 

in high risk
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Individual genes have been independently found to correlate with abuse-related 
disorders

Opioid Risk Genetic Profile

Clinical 
Validity

Correlation
with

Condition

▶ Genetic variants are located within four 
important neurochemical pathways associated 
with the brain reward pathways
• Serotonergic

• Endorphinergic

• GABAergic

• Dopaminergic circuits
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Gene Disorder 
 

Serotonin 2A Receptor • Alcohol abuse
6
 

• Anxiety
7
 

• Depression
8
 

• Drug Abuse
9
 

 

Serotonin Transporter • Alcohol abuse
10

 
• Substance abuse

11
 

 

Catechol-O-Methyltransferase  
 
 

• Alcohol abuse
12

 
• Methamphetamine abuse

13
 

 

Dopamine D2 Receptor 
 

• Alcohol, cocaine, nicotine dependence
14

 
 

Dopamine D1 Receptor  
 

• Heroin addiction
15,16

 
 

Dopamine D4 Receptor • Drug abuse
17

 
 

Dopamine Transporter 
 

• Cocaine addiction
18

 
• Methamphetamine addiction

19
 

 
Dopamine Beta  
Hydroxylase  
 

 

• Alcohol abuse
20

 
• Cocaine addiction

20,21
 

• Smoking addiction
22

 
 

Methylene Tetrahydrofolate 
Reductase 

· Bipolar disorder, depression, 
schizophrenia

23
 

 

Human Kappa Opioid Receptor  
 

• Alcohol abuse
24

  

Gamma-Aminobutyric Acid  • Alcohol abuse
25

 
• Methamphetamine dependence

26
 

 

Human Mu Opioid Receptor  • Complex regional pain syndrome
27

 
• Heroin dependence

28
 

	

Opioid Risk Genetic Profile
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Opioid Risk Genetic Profile

O.S.C.A.R. Study
Validate the predictive accuracy of the

Opioid Risk Index score

I.M.P.L.O.R.E. Study
Stratify risk into High, Medium, and

Low vs. the SOAPP-R

P.I.L.L. Study
Validate the significance of each 

individual gene in the panel

Stratify risk into High, Medium, 

and Low vs. the ORT

I.M.P.L.O.R.E. Study
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Opioid Risk Genetic Profile

Impact
on

Decision

Clinical
Actionability

In a prospective longitudinal study of 473 Orthopedic Surgery patients, 
physicians rated the benefit of the test on decision making and patient care 

a 4.10/5

In a study of 1,781 patients across 76 research sites, physicians who used 
the test rated it 0.71 points higher on a 5-point scale. Improvement within 

60 days
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NSAID Risk Genetic Profile

More than 100 million 
NSAIDs are prescribed 

each year

Over 100,000 individuals are hospitalized annually for 
NSAID-related serious complications: >2 billion dollars of 
healthcare costs

16,500 NSAID-related 
deaths occur each year
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NSAID Risk

Intended Use:

Avoid ADEs associated 

with NSAID use
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Thromboembolism

Risk
Q2

Intended Use:

Proactive diligence with 

venous 

thromboembolism
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Future Directions

 Can genetic information predict/improve outcomes in Orthopedics?

Pain Outcome 
Measures

Post-op meds

Pain Scores 
(NRS/VAS/SPID)

Safety Outcome 
Measures

Complications

• Post-Op

• Surgical

VTE
Infections

Anesthesia-related

Readmission
Re-operation

Functional Outcome 
Measures

Time to full function

• Independent mobilization

• Full weight bearing

• Duration of OccT or PT

Range of motion
Stiffness

Quality of Life

Other

Nutritional data points

Cost of care 
processes

Cognitive functioning



Thank you!

SKantorovich@proove.com
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