
To change photo: 

1. Delete the current 

image. This will leave 

a blank placeholder 

with a picture icon. 

2. Click the icon to add a 

new image. The photo 

will be automatically 

be cropped to fit the 

placeholder. 

 

NOTE: If you use the  

“Change Picture” 

function, 

the image will be 

imported in its original 

proportions and won’t fill 

the placeholder 

completely and will need 

to be cropped.  

Pharmacogenetics: Sequencing 
the Future of Medicine One 
Patient at a Time 

Dave Rengachary, MD, FALU 

  

SVP and Chief Medical Director, USMM 

Texas Wide Underwriting Conference 

October 5, 2017 



2 

See Appendix for 

instructions on how to 

change sidebar photo 

Pharmacogenetics  

Definitions and 
History 

Brave New 
World 

“Top Ten” 
Clinical 

Applications 

Not so fast! 

  Barriers and 
Challenges 

Risky Business:  

 
Prognostication 

Show me the 
Product! 

Agenda 



To change photo: 

1. Delete the current 

image. This will leave 

a blank placeholder 

with a picture icon. 

2. Click the icon to add a 

new image. The photo 

will be automatically 

be cropped to fit the 

placeholder. 

 

NOTE: If you use the  

“Change Picture” 

function, 

the image will be 

imported in its original 

proportions and won’t fill 

the placeholder 

completely and will need 

to be cropped.  

3 

Definitions and History 
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History of Pharmacogenetics 

 Sanger sequencing developed in the 1970s allowed scientists for the first 
time to read the human genetic code.  When and where was the term 
“pharmacogenetics” first coined? 

A. 1959 in Germany 

B. 1979 in Palo Alto 

C. 1995 in St. Louis 

D. 2010 in San Diego 

 

Pop Quiz! 
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Pharmacogenetics 

 Frederich Vogel first coined the term in 1959 in “Moderne problem der 
humangenetik” (1959)1 

 Pythagoras and favism 510 BC 

 Discovery of PTC sensitivity by Arthur Fox 

• TAS2R gene polymorphism 

 

 In 1957 Molutsky described adverse reactions 

   to drugs and theorized based on genetic variation. 

https://en.wikipedia.org/wiki/Pythagoras#/media/File:Kapitolinischer_Pythagoras_adjusted.jpg Creative Commons Attribution 3.0 

https://en.wikipedia.org/wiki/Pythagoras/media/File:Kapitolinischer_Pythagoras_adjusted.jpg
https://en.wikipedia.org/wiki/Pythagoras/media/File:Kapitolinischer_Pythagoras_adjusted.jpg
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Pharmacogenetics 

 Pharmacogenetics – the study of how individual genetic variation leads to 
different responses to different drugs 

• Right Drug 

• Right Dose 

• Right Time 

 Pharmacogenomics – the study of drug response in relation to the entire 
genome 

• Often used in context of drug discovery 

 

 

Definitions2 
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Brave New World: 
“Top Ten” Clinical Applications 
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#1 – Identifying proper dosing of warfarin 

 Warfarin reduces the risk of embolic stroke related to atrial fibrillation by 
roughly two-thirds 

 However: 

• Time outside of  therapeutic range estimated to be 35%3 

• Time higher than therapeutic range 17% 

• Rate of major bleeding around  4% per person year4 
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#2 – Identifying clopidogrel non-responders 

 By 2010, this anti-platelet agent was second highest in global sales 

 Given as a single universal dose, standard of care in post stent treatment 

  CYP2C19 and CYP2C9 (along with several others) are important enzymes 
in the cytochrome P450 family involved in converting clopidogrel to its 
active metabolite6 

 Certain polymorphisms of these genes were associated with significantly 
decreased active metabolite 

 A meta-analysis found that there was a 55% higher chance of adverse 
cardiovascular events (death, MI, stent thrombosis) in those who   were 
poor or intermediate metabolizers7 
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#2 – Identifying clopidogrel non-responders 

 A meta-analysis found that there was a 55% higher chance of adverse 
cardiovascular events (death, MI, stent thrombosis) in those who were poor 
or intermediate metabolizers 

  At least 25% of Caucasians, 34% African Americans and 50% of Chinese  
may have an allele with reduced activity (2-14% poor responders) 

 FDA recommended a box warning to consider alternative agent in poor 
metabolizers CYP2C19  (didn’t address intermediates or all variants, nor 
recommend routine testing) 

 Medicare ended coverage of many genetic drug sensitivity tests in 2015 
(had covered since 2009) 
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#3 – Late Stage Melanoma Treatment   

https://upload.wikimedia.org/wikipedia/commons/6/6c/Melanoma.jpg  Public Domain 

 

 Prior to recent advances last drugs approved were dacarbazine in 

1975 and interleukin-2 (IL-2) in 1988 

 Response rate for dacarbazine is around 10% with an 18% overall 

5 year survival for stage IV melanoma8 

https://upload.wikimedia.org/wikipedia/commons/6/6c/Melanoma.jpg
https://upload.wikimedia.org/wikipedia/commons/6/6c/Melanoma.jpg
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#3 Late Stage Melanoma Treatment 

Metastatic 
Melanoma 

BRAF 
Mutation 

(60%) 

Vemurafenib  

 dabrafenib 

MEK inhibitor 

 trametinib 

 cobimetinib 

C KIT gene 
changes 

imatinib 

nilotinib 
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#4 – Immune Checkpoint Inhibitors 

Medication Target Cancer  

Nivolumab PD-1 Melanoma, Non-small cell lung 

cancer, head and neck cancers, 

Renal cell, Hodgkin’s lymphoma 

 

Pembrolizumab PD-1 Melanoma, Non-small cell lung 

cancer, head and neck cancers 

Atezolizumab PDL-1 Urothelial (bladder cancer), Non-

small cell lung cancer 

Ipilimumab CTA-4 Melanoma 

Representative Examples 
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#5 – The Promise of Liquid Biopsy 

 Q:  True of False:  While there are 38 companies all working furiously there 
are no currently available FDA - approved liquid biopsy tests? 

 A:  False!  In June 2016, FDA gave approval to first liquid biopsy test 
(cobas  EGFR Mutation Test) as a companion diagnostic test to erlotinib for 
treatment in non-small cell lung cancer 

 76% sensitive and 98% specific for EGFR mutations as compared to 
tissue9 

 

Pop Quiz! 
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#5 – The Promise of Liquid Biopsy  

 Q: The turnaround time for Idylla (a PCR liquid biopsy test for BRAF 
mutations) is how long? 

A. 4-6 weeks 

B. 2 weeks 

C. 1 week 

D. 3 days 

Why liquid biopsy? – Pop Quiz! 



16 

See Appendix for 

instructions on how to 

change sidebar photo 

#5 The Promise of Liquid Biopsy 

Turnaround Time 

Accessibility 

Easier to Repeat as Tumor adapts 

No Tissue Preservatives 

? Mitigate Tumor heterogeneity 

Screening? 

Potential Advantages 
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#5 – The Promise of Liquid Biopsy 

CTCs 

• Specifically derived from intact 
cancer cells 

• Provides more information about 
the tumor itself 

• More time consuming (difficult to 
isolate) 

• More costly 

• Less “popular” 

ctDNA 

• DNA fragments isolated  from 
normal “cell free” plasma 

• DNA is more stable 

• More sensitive to disease burden 

• Need to know target mutations a 
priori 

• Other cell free dna applications – 
fetal dna testing, transplant 
rejection 

Circulating tumor cells (CTCs) versus cell free circulating tumor DNA (ctDNA)10 
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 Caused by any different mutations of the gene for the cystic fibrosis 
transmembrane conductance regulator (CFTR) protein 

 Leads to lung failure and pancreatic dysfunction, median survival is 39.3 years11 

  For decades treated conservatively with antibiotics and chest physiotherapy 

 Now 2 new drugs approved that treat the underlying cause of the disease 
depending on genetic test result12 

• Ivacaftor (Kalydeco) – Approved now in US for patients > 2 years old 

o Increases activity CFTR protein – allows chloride channel to stay open 
longer 

oTargeted to 
G551D, G1244E, G1349D, G178R, G551S, S1251N, S1255P, S549N, 
or S549R mutations 

• Combination Ivacaftor with Lumacaftor (Orkambi) (2015) 

oTargeted to F508 del mutation  
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#6 - Targeted Cystic Fibrosis Therapies  

 But… 

• Still only 4-5% of cystic fibrosis patients are eligible 

• Modest effect:  10.6% increase in FEV1, decrease risk of lung exacerbations, improves 
weight gain 

• Cost USD $250,000+ per year 
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Dystrophy  

 Duchenne 

• Caused by mutations in the dystrophin gene on the X chromosome (X linked recessive), so 
primarily affects boys 

• Average age of symptom onset is 4, average age at death 25 years13  

• In September 2016, the FDA approved eteplirsen for treatment of DMD in those with a 
specific mutation that is amenable to exon 51 skipping (around 13% of patients)14 

• Given as infusion, eteplirsen causes the cellular machinery to “skip over” a faulty section of 
genetic code (Exon 51)  and allow partial production of dystrophin protein 

• FDA approval was quite controversial – No clinical benefit was demonstrated  

o Approval was based on a secondary endpoint of increased dystrophin production and muscle mass 

• Also costs around $300,000 per year 

• Multiple other targets for exon skipping are being studied 
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#8 Treatment for Spinal Muscular Atrophy 

Adapted from Russman15 

Group of autosomal recessive diseases that share defect in SMN1 Gene 

Type Onset Max Function 

Achieved 

Life 

Expectancy 
I – Werdnig Hoffman 0-6 months Sits with support < 2 years 

II - Dubowitz 6-18 months Sits independently 

Walks  with support 

10 – 40 years 

III – Kugelberg-

Welander Disease 

18 months – 3 years Walks for short 

distances without 

support 

Normal or near normal 

IV – Adult Onset > 5 years Walks normally Usually normal 
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#8 – The First Treatment for Spinal Muscular Atrophy 

 In December 2016, FDA approved nusinersin (Spinraza), an antisense 
oligonucleotide (ASO) which is given intrathecally to both children and adults16 

 The drug alters the splicing of the SMA2 pre-mRNA in order to increase 
production of the SMN protein 

 In the CHERISH study, patients who received nusinersin had mean improvement 
of 4.0 points in the Hammersmith Functional Motor Scale Expanded (HFMSE), 
while patients who did not receive treatment declined by a mean of 1.9 points.  

 Ongoing trial (NURTURE) is looking at pre-symptomatic individuals 

 The first year cost of the medication will be $750,000, and then $375,000 
thereafter 
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#9 –Hepatitis C – who benefits from older treatments? 

 Newer “all viral” combinations such as ledipasvir/sofosbuvir (Harvoni) 
produce sustained viral responses (SVRs) in excess of 94% 

 Indicated for genotypes 1, 4, 5, and 6 

 But costs > $75,000 per year (3.2 million individuals in the US with hepatitis 
C) 

 Older combinations of pegylated interferon and ribavirin had much lower 
cure rates  and more side effects except in a distinct population of people 
with polymorphisms in the IL28B genotype 

 Will pharmacogenetics testing become a routine part of step therapy 
protocols? 



24 

See Appendix for 

instructions on how to 

change sidebar photo 

#10 – CRISPR/cas9 trials begin in humans 

 Clustered regularly interspaced short palindromic repeats (CRISPR) technology: 

• More accurate, and simpler gene editing technique than zinc finger technique 

• Works in a variety of cell types (more flexible) 

• Usage of this technology is increasing astronomically 

 In October 2016, Chinese scientist embarked on first trial in humans looking at non-small cell lung 
cancer 

 First human trial approved in the US: University of Pennsylvania using CRISPR to treat melanoma, 
sarcoma, and myeloma 

 If trials like this are successful what will happen to the pace of genetic testing? 

 

 

https://upload.wikimedia.org/wikipedia/commons/9/93/CRISPR-Cas9_mode_of_action.png Creative Commons Attribution 4.0 

https://upload.wikimedia.org/wikipedia/commons/9/93/CRISPR-Cas9_mode_of_action.png
https://upload.wikimedia.org/wikipedia/commons/9/93/CRISPR-Cas9_mode_of_action.png
https://upload.wikimedia.org/wikipedia/commons/9/93/CRISPR-Cas9_mode_of_action.png
https://upload.wikimedia.org/wikipedia/commons/9/93/CRISPR-Cas9_mode_of_action.png
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Not So Fast: 
Barriers and Challenges! 
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Barriers and Challenges? 

Cost 

Inaccurate 
Results 

Confusing and 
Contradictory 
Information 

Ethnic  and 
gender 

variability 

Ethical and 
legal 

Are we back where we started? 
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Case #1 

 40 year old Male coming in for 2 million 

 PMHx:  smoker, remote DVT recovery after broken femur   

 Family History – Mother died of  MI at the age of 40 

 Total cholesterol of 260, LDL of 160, HDL 53 

 Physical Exam normal 

 Treated with rosuvastatin 

 Recheck of LDL comes in at 155 

 MD says, “Lets consider alirocumab (Praluent)!” and orders APOB, LDLR, and PSCK9 gene 
tests. 

 …..why? 
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Case #1 

 Familial Hypercholesterolemia for which there is a new treatment PSCK9 
inhibitor alirocumab (Praluent) 

 50% risk of MI by 50 years of age!17 

 70-95% have a pathogenic variant of APOB, LDLR, and PSCK9 genes 

  …but clinically usually cholesterol higher than our PI 

• Untreated LDL > 190 

• Total Cholesterol >310 

• Eyelid, tendon xanthomas 
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Case #2 

 65 year old male coming in for 500K 

 HTN, elevated cholesterol, elevated PSA 4.6 

 Undergoes biopsy and found to have Gleason 6 (3+3) in 4/12 cores 

 Urology LOV: To guide treatment the physician orders a Prolaris test which 
comes back with a score of 3. 

 On insurance application he notes that he has opted for active surveillance 

 Questions: What is Prolaris?  What does this score mean?  Any concerns 
regarding his treatment choice? 
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Case #2 

 Prolaris: 46 gene test to measure aggressiveness of cancer in addition to biopsy, Gleason 
score, pre-treatment PSA 

 Score ranges from -3 to 7, (-1.3 to 0.3 considered “average” aggressiveness) 

 Each 1 unit of increase represents a doubling of risk18 

 

 

 

 

 

 Not Clear what effect treatment choice has on this risk (a concern expressed by FDA) 

 

 

Prolaris 

Score 

10 year Death rate % 

<0.0 7 

0-1 15 

1.1-2 36 

> 2.0 59 
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Case #3 

 56 year old woman coming for 5 million  

 Moderate RA x 10 years 

 Well controlled but developing complications on 10 mg prednisone daily 
(IFG, easy bruising) 

 Doctor wants to start azathioprine (Imuran) 

 Before starting orders TMPT testing – result comes back as homozygous 
for TPMT*3A  

 The patient starts the medication at 75 mg daily… 

 



33 

See Appendix for 

instructions on how to 

change sidebar photo 

Case #3 

 Enzyme thiopurine methyltransferase (TPMT) inactivates Imuran’s active 
metabolite 6-mercaptopurine, low or absent level TPMT = possible Imuran 
toxicity 

 11% of the population has reduced TPMT activity and 0.3% of the 
population has true deficiency of TPMT19 

 FDA-approved drug label recommends testing for TPMT genotype or 
phenotype (levels) but still need to follow CBC 

 Use lower dose or different drug depending on TPMT testing 

 

Azathioprine Myelotoxicity 
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Case #4 

 45 yo woman coming in for 700K 

  2 years ago in found to have a right sided breast cancer: 

• 2.5 cm, Grade 2, one lymph node positive, ER Pos, PR pos, HER2 neg 

 Physician orders a Mammaprint which comes back as low risk 

 PI undergoes surgery and endocrine therapy but foregoes chemotherapy? 
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Case #4 

 Mammaprint – 70 gene assay to determine genomic cancer 
aggressiveness 

 MINDACT trial published by NEJM20 is one of the few prospective clinical 
trials for pharmacogenetics testing 

 In those individuals who were deemed high clinical risk (include node 
positivity) but low genomic risk (according to Mammaprint) there was no 
significant effect of adjuvant chemotherapy 

 Will genomic risk supplant anatomic risk? 
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Case #5  

 50 year old male for 1 million 

 2014 - Diagnosed with colon cancer – has penetrated through the outer 
wall but still confined to the colon, T3, lymph node negative (Stage II) 

 In order to decide whether to give chemotherapy the physician orders a 
Oncotype Dx test.  
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Pharmacogenetic Product Applications 

 Individualized Rating/Pricing:  Instead of now “lumping” this individual back 
into a Flat extra model, is individualized pricing based an individualized 
recurrence risk score on the horizon? 

 Dynamic Rating/Pricing: Post issue, if one now has follow up testing such 
as liquid biopsy that changes this recurrence risk can they be dynamically 
priced? 



39 

See Appendix for 

instructions on how to 

change sidebar photo 

Pharmacogenetic Product Applications 

 Pop Quiz! 

 Q: For how many drugs, does the FDA mandate that labeling include 
pharmacogenetic information and consideration of testing? 

 A: 208! 

 By some estimates one of every  four individual is one of these medications 

Offering the Pharmacogenetic Testing as a Benefit Itself 
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Pharmacogenetic Product Applications 

Lansoprazole Gastroenterology CYP2C19 CYP2C19 intermediate or poor metabolizers Drug Interactions 

Esomeprazole Gastroenterology CYP2C19 CYP2C19 poor metabolizers Drug Interactions, Clinical 

Pharmacology 

Omeprazole Gastroenterology CYP2C19 CYP2C19 poor metabolizers Drug Interactions 

Pantoprazole Gastroenterology CYP2C19 CYP2C19 poor metabolizers Clinical Pharmacology 

Pravastatin Endocrinology LDLR LDL receptor mutation heterozygotes and homozygotes Indications and Usage, Use in 

Specific Populations, Clinical Studies 

Rosuvastatin (1) Endocrinology SLCO1B1 SLCO1B1 reduced function allele homozygotes Clinical Pharmacology 

Rosuvastatin (2) Endocrinology LDLR LDL receptor mutation heterozygotes and homozygotes Indications and Usage, Dosage and 

Administration, Adverse Reactions, 

Use in Specific Populations, Clinical 

Pharmacology, Clinical Studies 

http://www.genomichealth.com/en-US/Colon/HealthcareProfessionals/RecurrenceScore/~/media/5A46E11D1DAD4025B0C361D1AFE61FC0.pdf 

Dave’s Pharmacogenetic “Profile” 

http://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&varApplNo=020406
http://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&varApplNo=022101
http://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&varApplNo=022056
http://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&varApplNo=020988
http://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&varApplNo=019898
http://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&varApplNo=021366
http://www.accessdata.fda.gov/scripts/cder/daf/index.cfm?event=overview.process&varApplNo=021366
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Why not just Individual Health? 

 Medicare ended coverage for warfarin and clopidogrel 

 Cost of course a significant concern but…  

 Many are covered by private insurances (as avoiding adverse effects, 
compliance issues seen as ultimately a cost savings) 

 Informed decisions do not necessarily translate into clinical benefit 

 Too many tests and ½ of LCDs haven’t been reviewed within the year21 
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Offering as a benefit 

 Are seeing offering internationally similar to a wellness benefit 

• In force management/Risk factor modification 

• Reduce lapse rates  

 Seeing paired with third party or “capped” benefit 

 Nutrigenomics being offered as well 

 Increasing interest in group space 
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Critical Illness Pharmacogenetic Benefits 

CI Trigger 

Cancer 

Tumor 
Sequencing  

 

Whole genome 
sequencing 

Subsequent 
liquid biopsy 

MI/Stroke 

Clopidogrel 
testing 

Warfarin  

Statin 

Alzheimer's 

APOE 

Psychotropics 

A good marriage? 
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Why Critical Illness? 

 Product Differentiator 

 Meets spirit of product –would fit in well with CI/Life hybrids 

 Higher pre-test probability  

 Reasonable cost:benefit ratio 

 If anything would reduce anti-selection/fraud (little to gain from this testing 
for superfluous claims) 

 



45 

See Appendix for 

instructions on how to 

change sidebar photo 

Other Applications 

 LTC – Adverse medication reactions and polypharmacy are a big driver of 
loss of independence. 

 Mortality credit? 

 Disability claim adjudication 

 Limitations: 

• Avoiding gimmicks – providing true benefit 

• Injecting into doctor patient relationship, finding appropriate medical partners 

• Privacy concerns 
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Questions? 

 drengachary@rgare.com 

 (636) 736 - 5827 

 

 

mailto:drengachary@rgare.com
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