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Agenda 

• UGT1A 

• DPD 



Irinotecan and UGT1A1
o Irinotecan

o IV backbone chemotherapy of 

several regimens for solid tumors

o Unpredictable severe toxicity in 

25-30% of patients

o Prodrug – activated to SN-38, 

inactivated by glucuronidation

o High PK variability

IRINOTECAN

activation

SN-38

inactivation

    SN-38 GLUCURONIDE



From basic genetics to a 
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FDA Label Information of Camptosar
For complete labelling information,  please visit https://www.fda.gov/drugsatfda



Common UGT1A1 polymorphism

• 6 and 7 are the common 
alleles

• 5 and 8 are rare

(TA)n 1 2 3 4 5

TATATATATA=(TA)5

TATATATATATA=(TA)6 = *1

TATATATATATATA=(TA)7=*28
TATATATATATATATA=(TA)8



UGT1A1 defects and
hyperibilirubinemia syndromes

Bilirubin is mainly eliminated by conversion to its 
glucuronides by UGT1A1 

Gilbert’s syndrome
2-19%

Mild hyperbilirubinemia

Asympthomatic

In Caucasians
7/7 genotype (10%)

Lin et al., Am J Hum Gen, 2003



UGT1A1: in vitro phenotypes
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UGT1A1*28 and severe neutropenia of 

irinotecan 



Severe Neutropenia:
Translating Associations into a 

Predictive Test

Clinical 

Sensitivity

Clinical 

Specificity PPV* NPV*

Innocenti 0.5 0.94 0.5 0.94

Rouits 0.29 0.95 0.57 0.85

Marcuello 0.18 0.92 0.4 0.79

Ando 0.15 0.97 0.57 0.8

Overall 0.22 0.95 0.5 0.83

* PPV, positive predictive value; NPV, negative predictive value.

Assumption: Genotyping assay is 100% accurate for detection of 

 UGT1A1*28 allele

Dr. Parodi, Pfizer 



How to improve the predictive 

value of the UGT1A1*28 

diagnostic test?

Bilirubin X genotype

Gene X genotype

Ethnicity X genotype

Drug regimen X genotype

Dose X genotype



Bilirubin, UGT1A1*28, or both?

Ramchandani et al., J Clin Pharmacol 2007



Gilbert’s syndrome

(TA)n 1 2 3 4 5

*28

*6

In Asians

7/7 genotype

*6 (G71R, reduced enzyme activity)

(TA)n 1 2 3 4 5



UGT1A1*6 in Asians and toxicity (Han 
et al., 2006)

G4 neutropenia

*28 

-/- 26%

-/+ 33%

*6

-/-, -/+ 24%

+/+ 67% p=0.03 for *6



Can genotype be used to 
optimize dosing?

Standard dosage is well tolerated in 6/6 and 
6/7 patients and they might tolerate higher 
doses

Higher doses (up to 500 mg/m2) were safe in 
selected patients in European trials

UGT1A1 genotype not taken into account 
during early phase I trials 



Testing for DPD

Mandated in EU and UK
Recommended by NCCN



Metabolisms of Fluoropyrimidines 



Fluoropyrimidines (FP) & DPYD

• IV 5-fluorouracil (5-FU) and oral prodrug 
capecitabine (Xeloda)

• Breast, colorectal, pancreatic, esophageal, 
head and neck cancers

• Toxicities: neutropenia, GI, mucositis, and 
hand-foot syndrome

• Fluoropyrimidine pharmacology
• 5-FU bioactivated to FdUMP for efficacy
• 5-FU exposure determines toxicity
• 5-FU metabolized by dihydropyrimidine 

dehydrogenase (DPD/DPYD)
• ~80% of dose metabolized by DPYD

Pharmgkb.org



DPYD SNPs with reduced DPD activity 

Activity * Allele rsID Aliases Genetic effect Allele Freq.

Null *2A rs3918290 IVS14+1G>A, 
c.1905+1G>A

Splice site 0.008

*13 rs55886062 c.1679T>G, p.I560S Missense 0.001
Diminished NA rs67376798 c.2846A>T, p.D949V Missense 0.004

NA rs56038477 (LD 
w/rs75017182)

1236G>A, p.E412E (LD 
w/1129-5923C>G, HapB3)

Nonfunctional 
transcript 0.020

NA rs115232898 c.557A>G, p.Y186C Missense 0.008 (AA)



Consequences of DPYD SNPs 

Br J Cancer. 2002 Apr 8;86(7):1028-33.

Clin Pharmacol Ther. 2017 Oct;102(4):662-670. Epub 2017 May 26.

(*2A carrier)

https://www.ncbi.nlm.nih.gov/pubmed/?term=Reduced+5-FU+clearance+in+a+patient+with+low+DPD+activity+due+to+heterozygosity+for+a+mutant+allele+of+the+DPYD+gene
https://www.ncbi.nlm.nih.gov/pubmed/?term=Quantitative+contribution+of+rs75017182+to+dihydropyrimidine+dehydrogenase+mRNA+splicing+and+enzyme+activity


DPYD  SNPs with Reduced DPD activity

• Combined carrier frequency ~6% (~1/300 patients homozygous)

• Many other rare/singleton diminished activity variants reported

Activity * Allele rsID Aliases Genetic effect Allele Freq.
Null *2A rs3918290 IVS14+1G>A, 

c.1905+1G>A
Splice site 0.008

*13 rs55886062 c.1679T>G, p.I560S Missense 0.001
Diminished NA rs67376798 c.2846A>T, p.D949V Missense 0.004

NA rs56038477 (LD 
w/rs75017182)

1236G>A, p.E412E (LD 
w/1129-5923C>G, HapB3)

Nonfunctional 
transcript

0.020

NA rs115232898 c.557A>G, p.Y186C Missense 0.008 (AA)



Chan et al Nature 2024 

DPYD Variants in no European Patients



Retrospective Validation of 

Increased Toxicity 



Greater Toxicity in DPYD 

Variant Carriers 

DPYD Activity SNP rsID Allele Freq. n Adjusted RR (95% CI) p-value
Inactive *2A rs3918290 0.008 5,737 2.85 (1.75-4.62) p<0.0001

*13 rs5588606
2

0.001
5,616

4.40 (2.08-9.30) p<0.0001

Diminished D949V rs6737679
8

0.004
7,318

3.02 (2.22-4.10) p<0.0001

HapB3 rs5603847
7

0.020
4,261

1.59 (1.29-1.97) p<0.0001

Overall 5,737

DPYD*2A

2.85 (1.75-4.62)

n Adj. RR (95% CI) p-value

<0.0001

Overall 7,318

D949V

3.02 (2.22-4.10)

n Adj. RR (95% CI) p-value

<0.0001

DPYD*13 n Adj. RR (95% CI) p-value

Overall 5,737 4.40 (2.08-9.30) <0.0001

HapB3 n Adj. RR (95% CI) p-value

Overall 4,261 1.59 (1.29-1.97) <0.0001



Fluoropyrimidine Treatment 

Induced-Death 

Risk of toxicity-induced 

death in DPYD variant 

carriers ≈ 2.9%

Rai K. J Clin Oncol (suppl; abstr e15132)



Prospective Single-Arm Trial 

(NCT02324452)

• Dose-adjusted DYPD*2A vs. standard-dose DPYD*2A (historical 
control) 

– Reduced grade 3+ toxicity
• 28% (5/18) vs. 73% (35/48), p<0.001

– Nominally reduced toxicity-related death
• 0% (0/18) vs. 10% (5/48), p=0.19

• Dose-adjusted DYPD*2A vs. standard-dose DPYD wildtype
– Similar grade 3+ toxicity

• 28% (5/18) vs. 23% (373/1,613), p=0.64

– Similar drug concentrations

• DPYD screening saves $61 per patient

Deenen MJ. J Clin Oncol. 2016 Jan 20;34(3):227-34. Deenen MJ. J Clin Oncol. 2016 Jan 20;34(3):227-34. 

Adjusted 

dose

(n=18)

Standard 

dose

(n=1,613)

Prospective 

Intervention 

DPYD*2A 

Test

(n=1,631)

Historical 

Control 

DPYD*2A 

NO Test

(n=3,971)

Standard 

dose

(n=48)

https://www.ncbi.nlm.nih.gov/pubmed/?term=Upfront+Genotyping+of+DPYD*2A+to+Individualize+Fluoropyrimidine+Therapy:+A+Safety+and+Cost+Analysis
https://www.ncbi.nlm.nih.gov/pubmed/?term=Upfront+Genotyping+of+DPYD*2A+to+Individualize+Fluoropyrimidine+Therapy:+A+Safety+and+Cost+Analysis


Dose-Adjustment Efficacy 

Study 



Dosing in DPYD Carriers

Amended from Amstutz et al. Clin Pharm Ther 2017

DPYD 

Phenotype
DPYD Genotype DPD Activity Dosing Recommendation

Normal 

metabolizer
Two normal alleles Normal DPD activity

Use label recommended dosage and 
administration.

Intermediate 

metabolizer

One normal and one 
no function allele

Decreased DPD 
activity

Reduce starting dose by ~50% 
followed by titration based on toxicity

Poor 

metabolizer

Two no function 
alleles

DPD deficiency

Avoid use or reduce starting dose by 
~90% followed by titration based on 

toxicity

https://cpicpgx.org/guidelines/guideline-for-fluoropyrimidines-and-dpyd/

https://cpicpgx.org/guidelines/guideline-for-fluoropyrimidines-and-dpyd/


• Testing recommended throughout Europe

– Required in France and Netherlands

– Recently recommended in most of Europe

• 3/2020: Europeans Medicine Agency

• 10/2020: United Kingdom

• 11/2020: Germany and Switzerland

• Testing not recommended in US

– Not recommended by FDA, ASCO, or NCCN

– Testing uncommon, though frequency 

unknown



UM DPYD Survey Conclusions

• General agreement that: 
• DPD deficient patients have increased toxicity risk

• DPYD/DPD testing decreases toxicity

• DPYD information is actionable if it exists

• DPYD/DPD testing is rarely ordered due to: 
• Lack of clinical guidelines

• Low prevalence of DPD deficiency

• Some concern with decreased efficacy with FP dose reduction

• Survey approved for SWOG distribution

30



Uridine Triacetate  

Antidot for FP Toxicity

Uridine triacetate (FDA approval 2015) antidote for FP toxicity 

FDA approved dosing is 1 (10 gm) packet Q6H x 20 

Cost to Rogel (provided by UM purchasing)

4,013/packet = $80,260 per course of treatment 

Each use of UT ($80,260) would pay for 133 Mayo DPYD 

tests ($600)

Identify ~8 DPYD carriers →  prevent ~4 severe toxicities and 

~0.25 deaths 



Predictive Test Performance 

DPYD Notes BRCA 1/2 Notes

Carrier frequency ~6% Caucasians >5% NCCN threshold

Positive 

Predictive Value 

(PPV)

~70% Severe toxicity in carrier ~50% BC by age 70 in 

carrier 

False Positive 

Risk

~30% (unnecessary treatment 

change)
~50%

NPV ~75% ~90%

False Negative 

Risk

~25% Toxicity in non-carrier 

(from standard of care 

tx)

~10% BC by age 70 in 

non-carrier



Summary 

• Consider UGT1A1 and DPYP can 

reduce life threatening toxicity in 

carriers 

• UGT1A is in the label

• DYPD mandatory in EU/UK 

• Easy blood test (cheap,quick) 

• Major Concerns: 

– Lack of clinical guidelines

– Low prevalence
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