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Outline

• DPYD gene testing to reduce risk of death from fluoropyrimidines 
• Case of my brother, Dr Anil Kapoor
• Global variation of Guidelines 
• Critique of the American NCCN Guidelines
• Gold standard of Guideline development
• Equity aspects of my Guideline development
• Hope and Solutions



• What if I told you that I was giving you a drug which had a risk of 
death of 1 in 500, would you be concerned with that risk of 
death of the drug? 

• What if I did NOT tell you that there were 5 ways to significantly 
reduce this risk of death of this drug from 1 in 500 to 1 in 
1000 or less, would it bother you? 

• What if I told you the cost for any one of these methods/tests  to 
reduce your risk of death was between $50 to $300? Would 
you pay for one or more of these tests/ methods ? 



Let me share one of those five ways to reduce your risk of death 
from this drug:

• What if I told you that you could have a genetic variant in your 
enzyme that is supposed breakdown the drug, causing toxic 
metabolites, present in 2-8% of the population,  that would 
increase your risk of dying from this drug to as high 
as 1 in 30 depending on the variant you have?

• What if I told you by doing a simple blood test to see if you 
have one of these genetic variants, that costs no more than $300 
you could reduce your risk to less than 1 in 1000?  Would 
you want the test? 



NO SCREENING TEST GIVEN SCREENING TEST 

1 IN 500 RISK OF DEATH FOR GENERAL POPULATION 1 IN  1000 RISK OF DEATH
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NO SCREENING TEST GIVEN SCREENING TEST 

1 IN 30 RISK OF DEATH FOR THOSE WITH VARIANT 1 IN  1000 RISK OF DEATH
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What if you or a loved one died from this drug 
and no one told you any of this information in 
the past  slides ? 



Gary 
Colon Cancer 



Dr. Anil Kapoor 



Dr. Anil Kapoor, MD, FRCSC
   Urologist 
     Renal Transplant Surgeon
     Uro-Oncologist 

Academic Rank of Full Professor of Surgery (Urology), McMaster University
Published over 350 papers 
Director, Urologic Cancer Centre for Research & Innovation (UCCRI)
President, Urologic Society of Transplantation and Renal Surgery (USTRS) An 
Affiliate Society of the American Urologic Association (AUA) 
Surgical Director, Renal Transplantation, McMaster University, Hamilton, Ontario 
Chair, Kidney Cancer Research Network of Canada (KCRNC) 
President, Canadian Academy of Urological Surgeons (CAUS) 
Chair, Genito-Urinary (GU) Oncology Program, Juravinski Cancer Centre, 
McMaster University, Hamilton, Ontario 
Director, Urological Laparoscopy, Centre for Minimal Access Surgery (CMAS) 
McMaster University, Hamilton, Ontario 
Associate Oncology Editor, Canadian Urological Association Journal (CUAJ) 





















SUN MON TUES WED THURS FRI SAT

1 2 3 4 5 6 7

8 9 10 11 12 13 14

15 16 17 18 19 20 21

22 23 24 25 26 27 28

29 30 31

JANUARY 2023

KEY FINAL DAYS DR. ANIL KAPOOR

Colonoscopy – Diagnosis of Colon 
Cancer

CT Scan

Raptor’s Basketball Game

Oncology Appointment

14

21

26

20





SUN MON TUES WED THURS FRI SAT

1 2 3 4

5 6 7 8 9 10 11

12 13 14 15 16 17 18

19 20 21 22 23 24 25

26 27 28

FEBRUARY 2023 KEY FINAL DAYS DR. ANIL KAPOOR

Proceeds to Emergency  Room

Proceeds to Emergency Again- Admitted

Admitted to ICU

Intubated

Overdose Signs and Symptoms

Death

5-FU Infusion Begins for 48 hours

28

106

16

19

12

20







CBC National News



Together these 2 drugs are classified as fluoropyrimidines

Used in head and neck cancers, breast cancer, 
and gastrointestinal cancers

Drug is called 

5-FU or Fluorouracil in IV form 

or 

Capecitabine in pill form 



The DPYD gene encodes dihydropyrimidine dehydrogenase (DPD), 
an enzyme that breaks down fluorouracil. Genetic variants in 
the DPYD gene can lead to enzymes with reduced or absent 
activity. These with reduced or absent activity DPD enzymes are at 
risk of potentially life-threatening fluorouracil overdose



How easy would it 
have been to save 

these lives ? 











5-FU



5-FU



Adjust Dose of 5-FU Based on Blood Test DPYD

100% 5-FU 50% 5-FU 0% 5-FU

75% 5-FU 25% 5-FU



Feasible ? 





The European Medicines Agency, the French 
National Agency for the Safety of Medicines and 
Health Products, and the UK Medicines and 
Healthcare Products Regulatory Agency have 
approved guidelines for pre-emptive \DPD 
activity testing for patients treated with 
fluoropyrimidines 
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Why not the USA, but most of Europe ? 





19 references

1000 words

2 pages 



“…the NCCN Panel does not 
recommend universal pretreatment 

DPYD genotyping at this time.”













Guideline Chair Cites Own Editorial 





Hochster HS.: Routine DPYD genetic testing. J 
Clin Oncol 41:2119-2120, 2023

”the cost of genetic testing….is 
likely to be a minimum of $1,500 
US dollars (USD)”

“This cost estimate also does not 
include the costs of delaying 
treatment by 2 weeks to obtain 
such results..”

Cost in $300 or less

Time to test is 3 days



NCCN Guidelines
How is the Chair selected ? 

 “The Panel Chair is nominated and selected by NCCN Guidelines Senior Staff in 
consultation with the Chair of the Guidelines Steering Committee”.

How are the committee members  selected?

 “The Guidelines Steering Committee member of each institution appoints one of 
their institution’s members to each Guidelines Panel, typically in consultation with 
the Panel Chair and NCCN Headquarters Senior Staff ”.

Is there a term limit of the Chair?  -  “No”

Is there a term limit on the committee members? - “No”



Basically, levels of evidence 
is based on a VOTE count of 
the Committee



NCCN Guidelines Committee :

The Chair basically chooses his Committee members, where they 
all stay on for unlimited periods of time, where they get to arbitrarily 
select what papers they want to cite as a basis for the guidelines, 
(including the Chair’s own), and their level of evidence is based on a 
vote count of the committee





Quality Assessment AGREE II Total Score 



What is the solution 
to higher quality, 

objective Guidelines? 





Dr Anil Kapoor 

DPYD Variant 

c.704G>A



Heterozygous rare missense 
variant in DPYD:

Rs755416212

NM_000110.3 : c.704G.A; 

NP_000101.2 : p.Arg235Gln; 

referred to as

 p.R235Q



Equity 
Aspects

c.704G>A DPYD 
variant:

• Paper: “…variant has a minor allele frequency of 
0.00001”

gnomAD 21 v4.1.0 data:
• ”Found in 2 of 60,366 alleles in people of South 

Asian ethnicity”

• “Found in 10 of 1,111,732 alleles of NonFinnish 
European ethnicity”

At least 1.5 billion people of South Asian ethnicity 



"The Ontario Health Technology Advisory Committee recognized that the DPYD 
variants listed in the recommendation are more common in White populations and 
that DPYD variants that are more prevalent in other racial/ethnic groups have not been 
studied as extensively. 

The committee advises the Ministry of Health that implementation strategies for DPYD 
genotyping in Ontario should include the collection of data on race/ethnicity to 
inform care for all patients"



Dr. Anil Kapoor’s 
son and one 
brother has the 
same variant 

Frequency just doubled !



Some European centres do PCR and 
NGS Whole Genome DPYD sequencing 





www.Test4DPD.org

http://www.test4dpd.org/


Hope 



Key Takeaways 

• Guidelines need to be objective, evidence-based 
• Feasible to apply Gold standard to development of Guidelines
• Reconcile disparate recommendations from various jurisdictions
• Truly recognize the diversity of populations
• Lives depend on high quality, objective, equitable, comprehensive 

Guidelines





END

Thanks to Ken Suprenant, Karen Merritt, Dr. Steven Offer, Dr. Jai Patel, Dr. 
CB Allard, Dr. Peter Nygren, Kris Gregory 

Dedicated to my brother, Dr. Anil Kapoor 
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