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▪ Analytical Validity

• Is the assay accurate and reproducible?

❑ Pre-analytic issues (Moore HM, Kelly A, McShane LM, et al: Biospecimen reporting for 
improved study quality (BRISQ). Clin Chim Acta 413:1305, 2012)

❑ Analytics themselves

▪ Clinical Validity

• Does the TBT split one population into 2 or more with different outcomes?

▪ Clinical Utility

• Does use of the TBT improve clinical outcomes?

Tumor Biomarker Test (TBT) Semantics

Teutsch SM, et al. 2009. 

Genet Med 11:3-14

Clinical Utility unlikely without Clinical Validity, 

but 

Clinical Validity does NOT = Clinical Utility.



Categories of Each Factor to 

Determine Clinical Utility of a TBT

Analytical 
Validity
• Excellent
• Good 
• Moderat

e
• Poor

Endpoint
• Overall Survival, 

Quality of Life

• Disease-Free, 
Progression-Free 
Survival

• Event-Free 
Survival

• Response

DPD: Toxicity

Levels of 
Evidence

• 1
• 2
• 3
• 4-5

Magnitude/MCID
• Enormous

• Large

• Moderate

• Small

DPD: Life-Taking or 
–Threatening 
Toxicity

CLINICAL UTILITY 

(Drs. Hertz, Venook, and Wu will address Context, Magnitude and Level of Evidence)

Hayes DF. 2021.

J Clin Oncol 39:238-48

Context
• Which malignancy?

DPD: mostly GI and Breast Cancers

• Which setting?
• Screening

• New primary

• Met

• Monitoring

• MRD

• Established metastases

DPD: Adjuvant or Metastatic

• Which use?
• Prognosis

• Prediction

DPD: Predict Toxicity



▪ Understand the Intended Use

▪ Understand how it will be used for that 
Intended Use

• What is the Standard of Care (SOC) Paradigm?

• Do you use it to Opt-In, Opt-Out, or Opt-Alt?

• What are the Positive and Negative Predictive 
Values?

How Do We Use TBTs?

Hayes DF. J Clin Oncol 2021;39:238-48



• Clinical Research: Various Strategies to “Test the Test”

• Prospective Clinical Trials: Marker is Primary Objective!

• Sargent D.J., et al. J Clin Oncol. 23:2020-7, 2005

• Freidlin B., et al. J Natl Cancer Inst. 102:152-60, 2010

• Is a Prospective Trial Always Necessary?

• NO! But use of archived specimens must be done with rigor

• Simon R.M., Paik S, Hayes DF. J Natl Cancer Inst. 101:1446-52, 2009 

• Use specimens collected and archived from previously performed clinical trials that

address the specific issue of interest

• Need at least two separate studies with similar/identical results to claim victory

Tumor Biomarker Tests: Generation of 

High Levels of Evidence

FOR Germline Pharmacogenomic Markers of Toxicity: Hertz, DL, McShane, LM, Hayes, DF. Defining Clinical Utility of Germline Indicators of Toxicity Risk: A Perspective. J Clin Oncol 

40:1721-1731, 2022

FOR DPD: Hertz, DL. Assessment of the Clinical Utility of Pretreatment DPYD Testing for Patients Receiving Fluoropyrimidine Chemotherapy. J Clin Oncol 40:3882-3892, 2022
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Outline

1. Framework for Clinical Utility of Toxicity PGx

2. Clinical Benefit of DPYD Testing 

3. Clinical Risk of DPYD Testing 

4. Costs and Logistics of DPYD Testing



1. Clinical Utility of Toxicity PGx

Patients 

Receiving Drug

Standard Dose

(Toxicity)

Standard Dose 

Reduced Dose

Standard Dose 

No PGx 

Test

PGx Test

2. Clinical Benefit
Reduced Toxicity

3. Clinical Risk 

Reduced Efficacy 

Key

Variant

Wild-type

4. Costs and 

Logistics



1. Clinical Utility of TBT (Hayes Talk)

Patients 

Receiving Drug

Standard 

Treatment

Experimental/ 

Targeted  

Treatment 

Tumor 

Genetics
(e.g., HER2, BRAF)

Key

Variant

Wild-type

R
4. Costs and 

Logistics

2. Clinical Benefit
Enhanced Efficacy

3. Clinical Risk 

Enhanced Toxicity



1. Clinical Utility of DPYD Testing

Patients 

Receiving FP

Standard Dosing

Reduced Dosing

DPYD

Test

2. Clinical Benefit
Reduced Toxicity

3. Clinical Risk 

Reduced Efficacy

Key

Variant

Wild-type

R

Unacceptable 

Toxicity

4. Costs and 

Logistics



1. Clinical Utility of DPYD Testing

Patients 

Receiving FP

Standard Dose

Reduced Dose

No 

DPYD Test

DPYD Test

2. Clinical Benefit
Reduced Toxicity

3. Clinical Risk 

Reduced Efficacy 

Key

Variant

Wild-type

4. Costs and 

Logistics



2. Clinical Benefit of DPYD*2A Testing

Patients 

Receiving FP

DPYD*2A

Standard Dose

(n=48)

DPYD*2A

50% Dose

(n=18)

No DPYD 

Test

(n=3,971)

DPYD*2 

Test

(n=1,631)Key

Variant

Wild-type

Genotyped retrospectively

Deenen MJ et al. 2016. J Clin Oncol 34(3):227-34. 

Grade 3+ Toxicity: 73%

Fatal Toxicity: 10%

Grade 3+ Toxicity: 28%, p<0.001

Fatal Toxicity: 0%, p=0.19

2. Clinical Benefit
Reduced severe toxicity 

Historical control 



2. Clinical Benefit of DPYD 4-Var Testing

Patients 

Receiving FP

DPYD Variant

Standard Dose

(n=14)

DPYD Variant

CPIC Dose

(n=13)

No DPYD 

Test

(n=311)

DPYD 

4-Var Test

(n=252)Key

Variant

Wild-type

Prospective randomized concurrent control

Roncato R et al. 2024. JAMA Network Open 7(12):e244944

R

Grade 3+ Toxicity: 36%

Grade 3+ Toxicity: 0%, p=0.04

2. Clinical Benefit
Reduced severe toxicity 

Genotyped retrospectively



1. Clinical Utility of DPYD Testing

Patients 

Receiving FP

Standard Dose

Reduced Dose

No 

DPYD Test

DPYD Test

2. Clinical Benefit
Reduced Severe 

Toxicity

3. Clinical Risk 

Reduced Efficacy 

Key

Variant

Wild-type

4. Costs and 

Logistics



3. Clinical Risk of DPYD 4-Var Testing

Patients 

Receiving FP

DPYD Variant

Standard Dose

(n=14)

DPYD Variant

CPIC Dose

(n=13)

No DPYD 

Test

(n=311)

DPYD 

4-Var Test

(n=252)Key

Variant

Wild-type

• mCRC non-inferior efficacy RCT deemed infeasible by NCI (n>12,000)

• Must consider alternative evidence: dose density, real-world evidence

Prospective randomized concurrent control

Genotyped retrospectively

48-Month Survival: 43%

48-Month Survival: 46%, p>0.05

3. Clinical Risk
No evidence of reduced efficacy

R

Roncato R et al. 2024. JAMA Network Open 7(12):e244944



3. Clinical Risk of DPYD 4-Var Testing

Patients 

Receiving FP

DPYD Variant

Standard Dose

(n=8)

DPYD Variant

CPIC Dose

(n=12)

No DPYD 

Test

(n=311)

DPYD 

4-Var Test

(n=252)
Key

Variant

Wild-type

DPYD TestNo Test

FP Dose Density: 38%

(↓ due to toxicity)

FP Dose Density: 51%

(↓ to avoid toxicity)

3. Clinical Risk
HIGHER FP Dose Density

Prospective randomized concurrent control

Genotyped retrospectively

R

Roncato R et al. 2024. JAMA Network Open 7(12):e244944



3. Clinical Risk of DPYD 4-Var Testing

Patients 

Receiving FP

Wild-Type

Standard Dose 

(n=279)

DPYD Variant

CPIC Dose

(n=93)DPYD 

4-Var Test

(n= 1,103)

3. Clinical Risk
• No reduction in PFS

• HR=1.23 (95% CI: 0.92-1.63), p=0.16

Note: Improper/Irrelevant ComparatorKey

Variant

Wild-type Knikman JK et al. 2023. J Clin Oncol 41:5411-5421

Prospective concurrent control, 3:1 matched by disease, treatment, etc.



1. Clinical Utility of DPYD Testing

Patients 

Receiving FP

Standard Dose

Reduced Dose

No 

DPYD Test

DPYD Test

2. Clinical Benefit
Reduced Severe 

Toxicity

3. Clinical Risk 

No Evidence of 

Reduced Efficacy 

Key

Variant

Wild-type

4. Costs and 

Logistics



1. Hertz DL. In Prep. 2. Deenen JCO 2016. 3. Henricks Lancet Oncol 2018. 4. Brooks Clin Colorect Can 2022. 5. Ontario HTA 2021. 6. Tracksdorf Supp Care Cancer 2024 

▪ Number needed to genotype1

• ~35 to prevent one severe toxicity

• ~900 to prevent one fatal toxicity

▪ DPYD 4-Variant testing is ~cost-neutral2-5

▪ Turn-around time in USA < 10 days6

▪ Test adoption
• Across Europe and Ontario, CA

• Many US sites (DFCI, VA)

▪ Implementation Guidance

Requirement

Country Recommendation

EMA Recommendation

test4dpd.org

4. Costs and Logistics of DPYD Testing



1. Clinical Utility of DPYD Testing

Patients 

Receiving FP

Standard Dose

Reduced Dose

No 

DPYD Test

DPYD Test

2. Clinical Benefit
Reduced Severe 

Toxicity

3. Clinical Risk 

No Evidence of 

Reduced Efficacy 

Key

Variant

Wild-type

4. Acceptable 

Costs, Logistics



▪ Demonstrated clinical utility of genotyping for 4 (or more) DPYD variants
• Benefits (↓ severe/fatal toxicity) >>>>> Risks (  efficacy loss, costs, logistics)

▪ Suggested wording for drug labels and clinical guidelines: 
• “DPYD testing that includes at least the 4 validated variants (i.e., *2A, *13, p.D949V, HapB3) 

is recommended in all patients newly initiating systemic FP chemotherapy.”

▪ Testing can always improve, and will rapidly upon widespread adoption
• Faster, Cheaper, More variants/diversity → Sequencing, Phenotyping
• More precise dosing (CPIC) for individual DPYD variants, FP agents, tumors

▪ Don’t let perfect be the enemy of good

Take-Home Points



Contribute Your Real-World Data
Oncology Pharmacogenetics Real-world Evidence Consortium (OPREC)

Collect de-identified data of patients receiving DPYD-guided treatment →
Precisely estimate clinical benefits and risks of DPYD testing 

If your site tests for DPYD and has data to contribute

Scan the QR code or email DLHertz@UMich.edu

Adobe Express Image Generator FDA Guidance on Real-world Data
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Guidelines and Diagnostics: Details Matter
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J Clin Oncol, 2023

Ramping Up the Rhetoric



Why Focus on the NCCN Guidelines?

▪ 15 million downloads in 2023 alone

▪ Consensus of panelists representing 33 NCI-Designated Cancer Centers

▪ Rigorous COI, sponsor firewall, all volunteerism

▪ Updated in real time

▪ Evidence-based where possible

▪ Submissions accepted from interest groups

▪ Establishes coverage by Medicare and insurers

o For details: http://www.nccn.org 

http://www.nccn.org/


1) Reduced Fluoropyrimidine (FP) dose in patients with certain DPYD variants 

reduces toxicity and risk of major complications.

2) Evidence cited in support of maintained efficacy with dose-reduced FP is 

not convincing.  Studies include patients with a range of cancers, receiving 

a variety of combination therapies, mostly in advanced cancer.  These 

studies are vastly underpowered to address efficacy. 

3) A pre-emptive 50% dose reduction of FP in patients receiving adjuvant 

treatment could adversely impact survival.  

4) CPIC does not distinguish between 5FU and capecitabine in the dosing 

recommendations.

5) The panel is not nitpicking.

Some Differences of Opinion



Same Data,  Different Interpretation 

MS-50, NCCN Guidelines Colon Cancer 3.2024

Proposed language, submitted by Hertz + Surprenant, 4/30/24

Knikman JK et al. 2023. J Clin Oncol 41:5411-5421



▪ Initiate therapy as soon as is reasonable

▪ Movement towards "neoadjuvant" treatment 

▪ Majority of benefit derives from early cycles

▪ Fluoropyrimidines are necessary

Principles of Adjuvant Therapy:

Colon Cancer



Colon Cancer Stage III Adjuvant: N0147

Alberts SR et al. 2012.

 JAMA 307(13):1383-93

Treatment-related deaths = 20 (N = 2544)



J Natl Cancer Inst, 2014

       compound heterozygote DPYD*2A/D949V  =   1 toxic death

                             

           Dose adjustments

DPYD*2A 
< 12 cycles  =  11/25

dose mod  =   20/25

        D949V
<12 cycles  =      8/27

Dose mod   =     20/27

           I590S *13
< 12 cycles =       1/4

Dose mod    =      3/4

no FU adjustments. =   9/56

  

TRADE-OFF?
Preemptive testing:

55 pts start w/ 50% dose reduction



▪ Evidence that starting with a 50% dose reduction of FP does not impact survival in 

adjuvant colon cancer setting

Principles of Adjuvant Therapy:

Colon Cancer



Personalizing cancer treatment is not just about identifying variant genes of relevance, it 
is also about addressing such variants in the context of the circumstances of that patient

ISSUES:
• 5FU and capecitabine should not be considered the same drug
• Different diseases and settings may incorporate testing in different ways
• CPIC needs to contextualize its dosing recommendations
• Metabolizing activity of uncommon variants of DPYD can be better characterized
• Simplify the nomenclature

NCCN Guidelines, DPYD and Fluoropyrimidines
                               

Moving Forward



VARIABLES:

• GI transit time

• Absorption

• Stomach pH

• Stomach contents

• Drug-drug interactions

• Pro-drug activation

• Clearance

• Microbiome

Capecitabine = 5-Fluorouracil

Murphy et al, Dose Response: Intl Jnl, 2018



Personalizing cancer treatment is not just about identifying variant genes of relevance, it 
is also about addressing such variants in the context of the circumstances of that patient

ISSUES
• 5FU and capecitabine should not be considered the same drug
• Different diseases and settings may incorporate testing in different ways
• CPIC needs to contextualize its dosing recommendations
• Metabolizing activity of uncommon variants of DPYD can be better characterized
• Simplify the nomenclature

NCCN Guidelines, DPYD and Fluoropyrimidines
                               

Moving Forward
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