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Irinotecan

Semi-synthetic camptothecin analogue

i.v. formulation, Camptosar® (Pfizer)

Topoisomerase I poison

Advanced/metastatic colorectal cancer (mCRC), esophageal, small cell lung 
cancer, gliomas, and other solid tumors

mCRC therapy
◦ Initial (1st line)

◦ + 5-fluorouracil (5FU)/Leucovorin (LV) (FOLFIRI) + bevacuzimab

◦ After 1st progression: refractory to oxaliplatin- or 5FU-based therapies (2nd line)
◦ Single agent +/- cetuximab

◦ FOLFIRI +/- cetuximab

◦ After 1st or 2nd progression: refractory to irinotecan-based therapy (≥2nd line)
◦ Single agent + cetuximab

Schedule: weekly, biweekly, or every 3 wks

Doses: 125 to 350 mg/m2



Irinotecan dose-limiting toxicities
Severe neutropenia (up to 50% CTC grade≥3)1,2

◦ major risk factor for infection-related morbidity and mortality

Severe diarrhea (up to 40% CTC grade≥3) 1,2

Both reversible & not cumulative

Life-threatening, require hospitalization, dose reduction &/or treatment delays

They can impair success of treatment; knowing who is at high risk of toxicities could improve clinical 
utility of irinotecan

[1] Rougier Semin. Oncol. 1996; 23: 34–41.
[2] Rothenberg Semin Oncol 1998; 25: 39–46.



Irinotecan 
metabolism 
pathway

Irinotecan activated by conversion to SN-38

SN-38: active metabolite 100-1,000x activity

SN-38 inactivated by glucuronidation to
SN-38-glucuronide
(SN-38G)

SN-38 glucuronidation rate varies greatly among 
people and has been associated with irinotecan 
toxicities.

www.pharmgkb.org
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UGT1A1*28 associated w/ reduced
SN-38 glucuronidation & elevated SN-38 exposure

Innocenti JCO 2004

SN-38 glucuronidation decreases and SN-38 exposure 
increases with the number of (TA)7 alleles.

Patients with solid tumors or lymphoma (Phase I); single agent
350 mg/m2 irinotecan, every 3 wks

P<0.05 P<0.05



UDP-glucuronosyltransferase 1A1 (UGT1A1)

Strassburg 2008

UGT1A locus
Chr 2q37
Cluster of 13 genes
9 unique first exons
4 pseudoexons
Liver: 1A1, 1A3, 1A4, 1A6, 1A9
Esophagus: 1A7, 1A8, 1A10
Stomach: 1A7, 1A10
Colon: 1A8, 1A10
Bile ducts: 1A10

f(Eur)=0.61

f(Eur)=0.39

Desai et al 2003

UGT1A1: TATA box TA repeat polymorphism, (TA)5, (TA)6, (TA)7, (TA)8

Missense variants 
with functional 
consequence also 
exist



Ethnic differences in UGT1A1

European African East Asian

*28 allelic frequency 39% 45% 8-15%

*28/*28 frequency 15% 20% 1-2%

*6 allelic frequency 0% 0% 12-18%

*6/*6 frequency 0% 0% 2-3%

UGT1A1*6 = c.211G>A; Glv→Arg αα71 (non-synonymous SNP)

50% reduced in vitro clearance of SN-38 to SN-38G; reduced Vmax

Together UGT1A1*6 & *28 may predict irinotecan-induced toxicity in East Asians 

Kaniwa et al 2005, Zhang et al 2007, Gagne et al 2002



UGT1A1*28 increases risk of neutropenia

Innocenti JCO 2004

Patients with solid tumors or lymphoma; 350 mg/m2 irinotecan, every 3 wks

Correlation between absolute 
neutrophil count (ANC) nadir (log 
scale) and UGT1A1*28 genotype 
(P=0.001). 

ANC nadir decreases with the 
number of UGT1A1*28 alleles.

Grade 4 neutropenia 
(shaded area)



From basic genetics to a 
clinical trial and label change 
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FDA approves changes to
Camptosar® package insert (2005) 



Is Irinotecan/UGT1A1 ‘ready’ for a CPIC guideline?



Number of independent studies:
inconsistent replication 

Phenotypic consequence P Ethnicity
No. of 

patients Reference
↑ Severe toxicity <0.001 Asian 118 Ando et al 2000

↑ SN-38 AUC (& neutropenia) 0.001 White 20 Iyer et al 2000

Altered toxicity NS White 51 Font et al 2003

↑ Severe diarrhea 0.005 White 95 Marcuello et al 2004

↑ Severe neutropenia 0.001 White 75 Rouits et al 2004

↑ Relative extent of glucuronidation 0.022 White 94 Paoluzzi et al 2004

↑ SN-38 AUC & neutropenia 0.01 White & other 65 Innocenti et al 2004

↑ SN-38 AUC & neutropenia 0.02 White 30 Mathijssen et al 2004

Altered Pharmacokinetics NS Asian 29 Zhou et al 2005

Altered response & toxicity NS White & Black 67 Carlini et al 2005

Altered response & toxicity NS White 25 Soepenberg et al 2005

Smith, Toxicology in Vitro 2005



Factors that contribute to lack of 
reproducibility among genetic 
association studies

Variation in power between studies
◦ Small effect size, limited sample size

(especially important for alleles with low frequency)

Misclassification of outcome

Heterogeneity of effect size among studies
◦ Variation in the prevalence of an environmental factor

Allelic heterogeneity
◦ When many causative alleles are present in the studied gene

Publication bias

Failure to attribute results to chance 

Population stratification
◦ When population consists of a mixture of two or more subpopulations that have different 

allele frequencies and risks (for genetic or environmental reasons)
Colhoun et al Lancet 2003



Association between *28/*28 & 
hematologic toxicity: irinotecan dose

Hoskins et al JNCI 2007

Dose (continuous): generalized linear mixed model
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UGT1A1*28/*28 *1/*1, *1/*28

Slope = 0.012 P=0.03



• Are there different maximum tolerated doses based on UGT1A1 genotype?
• What about with different schedules and/or combination therapy?
• Is genotype-specific dosing effective for cancer control?

• Is testing routinely available?

• Have other guideline bodies considered irinotecan/UGT1A1?



PI: Innocenti
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Cancer 2019;125:1629-1636



UGT1A1 1/1 1/28 28/28
CR/PR % 30% 32% 29%
SD % 48% 47% 57%



Clin Colorectal Cancer 2018;17:147-155
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Dutch PGx Working Group
•*6, *28, and *37 have sufficient evidence to be implemented into clinical care

•Initial literature search Sept, 2006. FU Oct 2008, March 2014, July 2017 and March 2021. 

•Given the >>> papers, only included >25 subjects with one or more *28 alleles. 

•There is strong evidence that the *28 and/or *6 variants are associated with an increased risk of grade ≥ 
3 toxicity. All nine meta-analyses [22–30] investigating adverse events and 16 [19,21,31–44] of the 23 [20,45–50] 
included studies have reported this increased risk. In addition, all seven meta-analyses and three studies 
investigating the effect of *28/*28 and/or *6/*6 and/or *6/*28 compared with all other genotypes, 
found that this risk was also increased for *28/*28 and/or PM patients compared to all other patients 
[23–25,28–30,37,42,44]. With regard to efficacy, four [23,51–53] of the five [24] meta-analyses and eight [32,34,37–

39,41,49,50] of the ten [43,44] studies did not show the *28 and/or *6 variants to be associated with increased 
effectiveness of treatment. In summary, for *28/*28 and PM there is ample evidence for an increased 
risk of serious adverse events at normal doses (also when compared to all other genotypes/phenotypes), 
while convincing evidence for an increased efficacy has not been demonstrated

Dutch PGx Working Group





Diplotype Dose 
adjustment? 

Rationale

*1/*28 No most prevalent 
diplotype in 
caucasians

*28/*28 Yes, 70% of 
normal dose 
followed by 
tapering in 
response of 
tolerability and 
neutrophile 
counts



PGx-Based Recommendations for Irinotecan/UGT1A1

30https://www.knmp.nl/downloads/pharmacogenetic-recommendations-august-2020.pdf,  CAMPTOSAR Drug Label, 2020, https://www.ema.europa.eu/en/committees/working-parties-other-groups/chmp/pharmacogenomics-working-party, 
https://www.nccn.org, https://www.fda.gov/medical-devices/precision-medicine/table-pharmacogenetic-associations

Comparison of PGx Recommendations Between Guideline and Administrative Authorities 

Topic, Artifact, or Statement Irinotecan

CPIC  
CPIC level A

CPIC clinical recommendations NR

FDA  

PGx associations with sufficient 
evidence to allow their use in 
guiding therapy management

Results in higher systemic active metabolite concentrations and higher adverse reaction risk (severe neutropenia). 
Consider reducing the starting dosage by one level and modify the dosage based on individual patient tolerance for
*28/*28 (PMs).

Associations with data to suggest a 
potential impact on drug safety or 

response
NR

DPWG  Recommendations 
UGT1A1 *1/*28 : No action is needed for this gene-drug interaction. 
UGT1A1 *28/*28 : Start with 70% of the standard dose. If the patient tolerates this initial dose, the dose can be 
increased, guided by the neutrophil count.                          

NCCN Recommendations 
Irinotecan should be used with caution in patients with Gilbert's disease or elevated serum bilirubin. There is a 
commercially available test for UGT1A1. Guidelines for use in clinical practice have not been established.

EMA  Recommendations An initial dose reduction from 80 to 60 mg/m2 is recommended in patients with UGT1A1 *28/*28 (PMs).

RNPGx / 
GPCO-

Unicancer
Recommendations (French)

Pre-treatment UGT1A1 genotyping is strongly recommended.  An initial 25-30% dose reduction is recommended for 
*28/*28 patients. Pre-treatment testing is not recommended for irinotecan <180 mg/m2 because haematological and 
GI toxicities are quite similar regardless of the genotype for low irinotecan doses

AIOM and 
SIF

Recommendations (Italian) An initial 30% dose reduction is recommended for *28/*28 patients. 



Suggested decision tree for dosing 
irinotecan

Irinotecan
>150 mg/m2 q14d or q21d

Irinotecan
<150 mg/m2 q7d or q14d

Conventional Dose

Conventional Dose & 
Granulocyte Colony-
Stimulating Factor

(G-CSF)

Alternative Therapy

*1/*1 or *1/*28

*28/*28

Hoskins et al JNCI 2007
Obradovic et al Pharmacogenomics 2008

Genotype for UGT1A1

50-80% of
Conventional Dose

*28/*28*28/*28



UGT1A1 Clinical Decision Support 

32

Irinotecan Dosing Recommendations Based on UGT1A1 Genotype/Phenotype a
UGT1A1 Result UGT1A1 Phenotype Implications Dosing Recommendations

*1/*1 Normal metabolizer No influence on SN-38 
plasma concentrations Consider usual irinotecan dosage and titrate based on response

*1/*6
*1/*28 Intermediate metabolizer

Risk of toxicity due to 
elevated SN-38 plasma 
concentrations 

Consider usual irinotecan dosage and titrate based on response

*6/*6
*6/*28
*28/*28 Poor metabolizer

Risk of toxicity due to 
elevated SN-38 plasma 
concentrations

For irinotecan doses ≥250 mg/m2, consider a 30% reduction of the usual
starting dosage and titrate based on response

For irinotecan doses <250 mg/m2, consider the usual irinotecan dosage 
and titrate based on response

The FDA drug label provides additional guidance for drug dosing
a Weight, liver function, previous irinotecan exposure, and other patient characteristics may influence drug selection and dosage.

https://www.knmp.nl/downloads/pharmacogenetic-recommendations-august-2020.pdf



It is time to start working on this guideline!

Active FDA + EMA label for irinotecan/UGT1A1
30+ clinical studies to assess
Toxicity and Efficacy data to consider
Growing use of oncology preemptive PGx panel testing
Already provisional CPIC level A and PharmGKB level 1A

Gateway to future, broader guidance around UGT1A PGx
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