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Irinotecan and UGT1A1l

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
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From basic genetics to a
clinical trial and label change

Gilbert’s UGT1A1*28 UGT1A1l: UGT1A1*28 UGT1A1*28 FDA
sygdrome molecular metabolic and and clinical revised
an effect gene of irinotecan validation drug label
UGT1A1*28 irinotecan metabolism
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FDA Label Information of Camptosar

For complete labelling information, please visit https:/www.fda.gov/drugsatfda

pﬂpuhtiml 1s homozygous for the UGT1A1%28 allele.| In a prospective studv| in which
r umtecan was ﬁd11111115’[exed as a 511121& agent on a once-every- ’%-week schedule patlent*s

Patients with Reduced UGT1A1 Activity

Individuals who alel homozygous for the UGT1A1%*28 allele are at increased risk for
neutropenial following initiation of CAMPTOSAR treatment. | A reduced initial dose
should be considered for patients known to be homozygous for the UGT1A1%28 allele
(see DOSAGE AND ADMINISTRATION). Heterozygous patients (carriers of one
variant allele and one wild-type allele which results 1 intermediate UGT1A1 activity)
may be at increased risk for neutropenia: however, clinical results have been variable and
such patients have been shown to tolerate normal starting doses.

A reduction in the starting dose by at least one level jof CAMPTOSAR should be
considered for patients known to be homozygous for the UGTIA1*28 allele (See
CLINICAL PHARMACOLOGY and WARNINGS). The appropriate dose reduction in
this patient population is not known.




Common UGT1A1 polymorphism

(TA)n -|2||3||4||5|

/N

TATATATATA=(TA).
TATATATATATA=(TA);=*1

TATATATATATATA=(TA),=*28
TATATATATATATATA=(TA), * 5and 8 are rare

* 6 and 7 are the common
alleles




UGT1A1 defects and
hyperibilirubinemia syndromes

Bilirubin is mainly eliminated by conversion to its
glucuronides by UGT1A1

Gilbert’s syndrome
2-19%
Mild hyperbilirubinemia
Asympthomatic

Multipoint LOD Score

In Caucasians
7/7 genotype (10%)

Chromosome 2 (cM)
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UGT1A1*28 and severe neutropenia of

Irinotecan

Genetic Variants in the UDP-glucuronosyltransferase 1A1
Gene Predict the Risk of Severe Neutropenia of

[rinotecan

Federico Innocenti, Samir D. Undevia, Lalitha Iyer, Pei Xian Chen, Soma Das, Masha Kocherginsky,
Theodore Karrison, Linda Janisch, Jacqueline Ramirez, Charles M. Rudin, Everett E. Vokes,

Elnd Mﬂrk]. Rﬂrﬂiﬂ VOLUME 22 - NUMBER 8 APRIL 15 2004

JOURNAL OF CLINICAL ONCOLOGY
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251

20+

151 B Grade 4
O Grade 0-3

10+

Number of patients

0. p=0.001

6/6 6/7 717

Risk level: Low Medium High



Severe Neutropenia:
Translating Associations into a

Predictive Test

Assumption:  Genotyping assay is 100% accurate for detection of

UGT1A1*28 allele

Clinical Clinical

Sensitivity | 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




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?

10000 -
7500 - ’
| o
E :
T 5000 -
—_
Q
<

2500 -

0 .

00 02 04 06 08 10 12 14
Bilirubin (mg/dL)

O  6/6 or 6/7 - observed 6/6 or 6/7 - predicted
B 7/7-observed = = =77 - predicted




Gilbert’s syndrome

= In Asians
a //7 genotype

oo (TA)yeoo[ 1 2 3 2 5

*28



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/m?) were safe in
selected patients in European trials

UGT1A1l genotype not taken into account
during early phase I trials



Mandated in EU and UK
Recommended by NCCN




Metabolisms of Fluoropyrimidines

S-fluorouracil (SFU) |8

Fluoropyrimidines (FP) & DPYD
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S-flucrouracil (SFU} |-.,___

Fluoropyrimidines (FP) & DPYD

* IV 5-fluorouracil (5-FU) and oral prodrug |
capecitabine e\ | Z
* Breast, colorectal, pancreatic, esophageal, R TR )
head and neck cancers | 2D
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DPYD SNPs with reduced DPD activity

rs3918290 IVS14+1G>A, Splice site
c.1905+1G>A . 0.008
*13 rs55886062 ¢.1679T>G, p.I5605 Missense 0.001

Diminished [\ rs67376798 C.2846A>T, p.D949V Missense 0.004

NA rs56038477 (LD 1236G>A, p.E412E (LD Nonfunctional
w/rs75017182)  W/1129-5923C>G, HapB3) 4 o qeript 0.020

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



Consequences of DPYD SNPs

DPD Activity (pmol 5-FU min'mg
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Clin Pharmacol Ther. 2017 Oct;102(4):662-670. Epub 2017 May 26.
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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
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DPYD SNPs with Reduced DPD activity

Activity _ [* Allele rsiD_________|Aliases_____|Genetic effect | Allele Freg.

*2A rs3918290 IVS14+1G>A, Splice site 0.008
c.1905+1G>A :
*13 rs55886062 €.1679T>G, p.1560S Missense 0.001

Diminished - rs67376798 C.2846A>T, p.DI49V Missense 0.004
NA rs56038477 (LD 1236G>A, p.E412E(LD  Nonfunctional
w/rs75017182) W/1129-5923C>G, HapB3) 1o script JHePY
NA rs115232898 C.557A>G, p.Y186C Missense 0.008 (AA)

* Combined carrier frequency ~6% (~1/300 patients homozygous)
* Many other rare/singleton diminished activity variants reported



¢.1156G>T (p.E386X, rs78060119, *12) G.1601G>A (p.S534N, 51801158, *4)
¢.1236G>A (p.E412E, rs56038477) ¢.1615G>C (p.G539R, rs142619737)
¢.967GA (p.A323T, rs201018345) £.1627A>G (p.1543V, 151801159, *5)
¢.1003G>T (p.V335L, rs725493086, *11) €.1679T>G (p.1560S, rs55886062, *13)
¢.1712C>A (p.A571D, rs1195493601)
¢.704G>A (p.R235Q, rs755416212) ¢.1737T>C (p.D579D)
C.733A>G (p.1245V, rs767836989) 0.97515583 97515584insA
C.496A>G (p.M166V, 152297595)
©.557A>G (p.Y186C, rs115232898) C.1774C>T (p.R592W, rs59086055)
©.596G>A (p.S199N, 1s776973423) ©.1863G>T (p.W621C, rs1057516388)
¢.1896T>C (p.F632F, rs17376848)
¢.451A>G (p.N151D, rs200562975) ©.1898delC (p.P633fs, rs72549303, *3)

¢.464T>A (p.L155X, rs2101026231)

| c.2194G>A (p.V732], 151801160, *6) |

¢.257C>T (p.P86L, rs568132506)
€.299_302del or ¢.295_298delTCAT®
(p.F100fs, rs72549309, *7)

[ c.2303C>A (p.T768K, rs56005131) |

| c.2434G>A (p.v812l,rs371313778) |

0.62G>A (p.R21Q, rsB0081766)

¢.85TC (p.C29R, rs1801265,"94)
I

| c.2846A>T (p.D949V, rs67376798, *9B)° |

[ ©c.1974+75T>C (1s72728438) |
| n.688+20094C>T (rs7281745) | ¢.1905+1G>A (rs3918290, *2A) ¢.*5132C>T (rs76387818)
i ¢."21528C>T (1512132152
[ c403123T>A (r54970722) | C':ggz fgzgﬁif (Sr;’;;;f:jf) ( J
©.1906-123C>A (rs "
[c321427>C (151193078195) | | C1768G>A (15291592) |
C.1740+40A>G (rs2811178)
680+139G>A (1s6668296 VS23-60AG |
0.680+139G>A (15 ) C.1740+39C>T (rs2786783)
¢.681-20G>T (rs376597772) +.2008.69C>T (529005)
1340-11501T>C (152811219 IV§22+585C>T
[ c.763-118A5G (1s3790387) | ¢ >C (rs ) $22+585C>

€.1525-11G>A (1555699321) -
[ c851-18271A>G (rs2811196) | €.1525-0A>G (rs56056384) 0-2766+37T>C (1s199712715) |

[ c.1129-15T>C (rs56293913) |

Chan et al Nature 2024



Retrospective Validation of
Increased Toxicity

* NCCTG NO147

» 2886 patientsstage Il colon cancer
* Adjuvant FOLFOX or FOLFIRI (5-FU)

* Genotype: DPYD*2A and p.D949V
* 1° Outcome: grade 3+ 5-FU AE

* DPYD*2A: 88% vs. 33%
* OR=15.2,95% Cl: 4.5t051.0, p<.001

* DPYD p.D949V: 82% vs. 33%
* OR=9.1,95%Cl:3.4t024.1,p<.001

Overall

DPYD"2A (1s3918290)

Race

Caucasian

Female

Male

Treatment Received '

FOLFOX only

FOLFOX + Celuximab

!

1

s Ratio

1234

1145

SFU-AEs ORs 85%Cl Pvalue

856 1521 (4.54t050.96) < 001

769 1376 (4.09t046.29) <.001

463 974 (117t08115) 04

393 20,95 (4.80t091.57) <.001

k23| 933 (1.93t045.16) .005

440  1974(2.5610152.33) .004

Lee AM. J Natl Cancer Inst 2014



Greater Toxicity in DPYD
Variant Carriers

* . \
DPYD*2A n Adj RR (95% Cl p-value DPYD*13 n Adj RR (95% cl p-value
Mored et al 2006% AET —- 52 (4-17-13.6)
Dieenen et al, 2011 568 —.— 147 (0-92-234) Morel et al, 2006™ 487 —— | 1130(3-50-15-03)
Jermings et al, 20137 53 _— 198 (755 24) L ral 2013% o 7B 3406
Loganaeagam et ol 2013 430 318 (1.16-8.69) Lnganaya_?ams azoms 43 - HIE e
Lee et al, 2004 2594 - 270 (2:31-315) se=ialaond 504 = 15LOS7-403)
Rosrrarin et o, 20040 aos o 163 (0-B5-2-11) Froehlich et al, 20153 Lo00 310 0-42-23-0)
Frochlich et al 2005 =] 0-69{0.05-9.55) Meulendijis, 2015 (unpublished) 1605 2-81(0-51-156)
Overall 5737 — 2:85(175-4.62) <0.0001 | oyerall 5737 T 4.40(2.08-9.30) <0.0001
D949V n Adj. RR (95% Cl, p-value HapB3 n Adj. RR (95% C|: p-value
Mored ot al, 2006 AEF —-— FEZ(4-T7-13-6)
Desnen et al, 2001~ =] — - 134 (0-B0-2-24) Deenen, 20117 == —— 1-66 (1-30-2-11)
Jermnings et al, 2013 53 —-— AE1 304763 . - . ! y
Logaray agasm ot a], 2003 430 —-.— 3-89 3-08-4-91) Jennings, 2013 ) = 231 (0-35-6:28)
Lee et al, 2014 2504 - 2 50 (2-0F-302) Logarayagam at al, 2013* 425 —— 1.60 (0-83-2-E0)
Rosmarin et al, 20047 as1 —.— 253 (1-95-329) Rosmarin, 2014 el ] —— 1.73 (0-85-1.76)
Frochlich et al 2005™ LS00 0-B6 (006-11-5) .
Mool et al, 015 oo . Froehlich et al, 2015 500 —m— 2-24 (1-46-3-45)
{urpublizhad) Meuvlendijks, 2005 (unpublished) 1606 » 099 [0-45-2-14)
Overall 7,318 = " 3.02 (2.22-4.10) <0.0001 Overall 4,261 ’ 1.59 (1.29-1.97) <0.0001
Adjusted R (95 OI) !

DPYD A E_-_ sted RR (95% Cl

- ==

Muelendijks D. Lancet Oncol.
2015 Dec;16(16):1639-50.




Fluoropyrimidine Treatment
Induced-Death

Vol 7, 11491133, May 2001 Clinical Cancer Research 1149

www.know_the_risk_of_5fu_chemotherapy.com

ASK ABOUT YOUR RISK OF VERY SERIOUS SIDE EFFECTS

Lethal Outcome of a Patient with a Complete Dihydropyrimidine

Dehydrogenase (DPD) Deficiency after Administration of
5-Fluorouracil: Frequency of the Common IVS14+1G>A

BEFORE STARTING 5-FU CHEMOTHERAPY

KATHRYN'S CASE

A Journal of the Kathryn Case

Mutation Causing DPD Deficiency'

CASE REPORT
André B. P. van Kuilenburg Exik W. Muller, | 5-Flyorouracil /irinotecan induced lethal toxicity as a result
Janet Haasjes, Rutger Meinsma, Lida Zoetekouw, l: b- d h . d . I:
Hans R. Waterham, Frank Baas, Dick J. Richel, or a compine P Grmacogeneflc Syn rome: reporf Oor d case
and Albert H. van Gennip M Steiner, M Seule, B Steiner, | Bauver, M Freund, C H Kéhne, P Schuff-Werner
British Journal of Clinical DOIL10.1111/].1365-2125.2010.03686.x
BJCP Pharmacology

Risk of toxicity-induced
death in DPYD variant
carriers = 2.9%

Letter to the Editors

Lethal outcome of 5-fluorouracil infusion in a patient
with a total DPD deficiency and a double DPYD and

UTGI1AT gene mutation

Héléne Mounier-Boutoille, Michele Boisdron-Celle,? Estelle Cauchin,’
Jean-Paul Galmiche,’ Alain Morel,? Erick Gamelin? & Tamara Matysiak-Budnik'

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



Prospective Single-Arm Trial
(NCT02324452)

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

i~ Standard
— Reduced grade 3+ toxicity Prospeciive i,
— Nominally reduced toxicity-related death DPYD*2A ’
0% (0/18) vs. 10% (5/48), p=0.19 Test Adjusted

n=1,631 dose

Dose-adjusted DYPD*2A vs. standard-dose DPYD wildtyg U=

— Similar grade 3+ toxicity T——
28% (5/18) vs. 23% (373/1,613), p=0.64 Control 88

— Similar drug concentrations DPYD*2A

DPYD screening saves $61 per patient oy

Standard
dose

(n=48)

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


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

° Paired analySiS (n=37 pairs) (a) Overall survival (b) J Progression-free survival
* DPYD*2A dose-adjusted FP . 1
VS. s -
* DPYD wild-type standard dose FP .
* Matched by tumor type, stage 2 507 P=0.47 £ % -
* Near match: institution, sex, age, 2 B
treatment line, WHO status 5 3
0 " ’ - - 0 ’ r - :
0 24 48 72 96 0 24 48 72 96
hd OS' 27 VS 24 monthS Number at sk Time (months) Number atisk Time (months)
o HR=O.82, 95% CI: 0.47'1.43, p=0.47 DPYD'2A carriers 37 29 12 8 5 2 0 DPYD'2A carriers 37 16 8 7 5 2 0
DPYD*2A wild-type 37 25 15 12 7 4 0 DPYD'2A wild-type 37 14 110 6 4 0
* PFS: 14 vs. 10 months
=& DPYD*2A carriers =i~ DPYD*2A carriers
. HR=0.83, 95% Cl: 0.47-1.50, p=054 DPYD*2A wild-type patients DPYD*2A wild-type patients

Henricks LM. Int. ). Cancer 2019: 144, 2347-2354



Dosing in DPYD Carriers

Clinical Pharmacogenetics Implementation

Consortium (CPIC) Guideline for . L . . ‘ e
. . . . Ursula Amstutz , Linda M. Henricks™, Steven M. Offer’, Julia Barbarino™, Jan H.M. Schellens™,

Dihydropyrimidine Dehydrogenase Genotype and e . swen€, Teri E. Klein®, Howard L McLeod’, Kelly E. Caudlé®, Robert B. Diasio™ and

Fluoropyrimidine Dosing: 2017 Update Matthias Schwab'®!""*
Normal : Two normal alleles | Normal DPD activity Use .Ia.bel rgcommended dosage and
metabolizer administration.
Intermediate One normal and one | Decreased DPD Reduce starting dose by ~50%
metabolizer no function allele activity followed by titration based on toxicity
Poor Two no function Avoid use or reduce starting dose by

: DPD deficiency ~90% followed by titration based on

metabolizer alleles toxicity

https://cpicpgx.org/suidelines/guideline-for-fluoropyrimidines-and-dpyd/ Amended from Amstutz et al. Clin Pharm Ther 2017



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 Iin US
— Not recommended by FDA, ASCO, or NCCN

— Testing uncommon, though frequency
unknown

https://www.gov.uk/drug-safety-update /S-fluorouracil-intrave nous-capecitabine-tegafur-dpd-testing-recommende d-before-initiation-to-identify- patients-at-increased-risk-of-sever

e-and-fatal-toxicity

https://www.ema.europa.eu/en/medicines/human/referrals/fluorouracil-fluorouracil-relate d-substances-capecitabine-tegafur-flucytosine-containing-medicina
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UM DPYD Survey Conclusions

e 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)

|dentify ~8 DPYD carriers — prevent ~4 severe toxicities and
~0.25 deaths



Predictive Test Performance

__ |DPYD [Notes  |BRCA1/2

Positive Severe toxicity in carrier BC by age 70 in

Predictive Value carrier
(PPV)

False Positive ~30% (unnecessary treatment | ~509p
Risk change)

NPV s | e ]

False Negative ~250% Toxicity in non-carrier ~10% BC by age 70 in
Risk (from standard of care non-carrier

tx)




Summary

Consider UGT1A1 and DPYP can
reduce life threatening toxicity Iin
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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