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Outline of the presentation

Why is it the right time to update the guideline?

Who participated in this update?

What is the role of the new PCEP committee?

Which new alleles have been incorporated?



It Is time to update the TPMT/NUDT15 guideline

= A brief history of the guideline

recommendations

I Original publication published in 2011 , TPMT-genotype guided dosing

Update 1 (2013, published)

Update 2 (2018, published)

Update 3 (2019, web-only)

Update 4 (2020, web-only)
Update 5 (2024, web-only)



It Is time to update the TPMT/NUDT15 guideline

= A brief history of the guideline

I Original publication published in 2011
Update 1 (2013, published) » No major change

Update 2 (2018, published)

CPIC UPDATE

Update 3 (2019, web-only)

Update 4 (2020, web-only)
Update 5 (2024, web-only)



It Is time to update the TPMT/NUDT15 guideline

= A brief history of the guideline

I Original publication published in 2011
Update 1 (2013, published)

Update 2 (2018, published)

CPIC UPDATE

. Introduction of NUDT15 into the guideline
(~3 years after the first genome wide
association studies)

Update 3 (2019, web-only)

Update 4 (2020, web-only)
Update 5 (2024, web-only)



It Is time to update the TPMT/NUDT15 guideline

= A brief history of the guideline

I Original publication published in 2011
Update 1 (2013, published)

Update 2 (2018, published)

Update 3 (2019, web-only)—— Allele function assignment for NUDT15 *9




It Is time to update the TPMT/NUDT15 guideline

= A brief history of the guideline

I Original publication published in 2011
Update 1 (2013, published)

Update 2 (2018, published)

Update 3 (2019, web-only)

Update 4 (2020, web-only) > Recommendation for TPMT and NUDT15

indeterminate phenotype
Update 5 (2024, web-only)




It Is time to update the TPMT/NUDT15 guideline

= A brief history of the guideline

I Original publication published in 2011
Update 1 (2013, published)

Update 2 (2018, published)

Update 3 (2019, web-only)

Update 4 (2020, web-only)

Update 5 (2024, web-only) — Recommendation for TPMT/NUDT15
compound intermediate metabolizers




It Is time to update the TPMT/NUDT15 guideline

clinical practice.

Clinical Integration of
TPMT and NUDT15
Genotyping

Most of clinical practices
now routinely

incorporate TPMT
and/or NUDT15

genotyping to guide

thiopurine therapy.

Accumulation of
Clinical Evidence in the
Literature

The systematic testing of
TPMT (and, in some

cases, NUDT15) before
or after initiating
thiopurine treatment has
led to the accumulation of
significant clinical data
supporting
pharmacogenetic
associations.

The Use of Sequencing
Technologies

The adoption of
sequencing methods
enables a more
comprehensive
assessment of genetic
associations, including
the identification of rare
variants.

Variants
characterization and
function assignment

The development of in
silico prediction and
scalable experimental
functional assays
provided additional
evidence to determine
the allele impact on the
protein.

Rationale of the update : an opportunity to align evidence-based PG recommendations with real-world

Discovery of New
Variants Across
Diverse Populations

New clinically relevant
variant associations have
been identified in diverse

populations and these

specificities need to be
assessed in the
guideline.




Contributors to the 2025 guideline

= Collaborative work between:

L. United Kingdom
« Physicians

Denmark

« Clinical pharmacists | e
e Researchers T United States The Netherlands TJapan
= Different medical areas: o atemala

Singapore

» Pediatric oncology
« Gastroenterology
* Neurology

Brazil

= From all around the world
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TPMT and NUDT15, It takes two to tango

» Pharmacology
» Thiopurines: azathioprine, mercaptopurine and thioguanine
« TPMT and NUDT15 are involved in the inactivation of thiopurines:
* Methylation of MP and metabolites (MMPNS)
» De-phosphorylation of thioguanine nucleotides (TGNSs)

» Pharmacogenetic associations (toxicity and efficacy)
« TPMT deficiency: 16-TGN & | MMPNs.
 NUDT215 deficiency: 1 TGTP incorporation into DNA (DNA-TG).

« Preemptive testing | risk of thiopurine induced myelosuppression, without
impairing their efficacy.

= Key aspects related to ethnicity

« TPMT deficiency is more frequent in individuals of African or European descent.

* NUDT15 deficiency mostly found in individuals of Asian and Hispanic descent.

Am J Hematol, 2019
ClinPGx.org
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Major changes to the previous guideline

Recommendation tables from the 2018 guideline

One table for TPMT...

... and one for NUDT15.

Limits:
» Does not account for combination of phenotypes between TPMT and NUDT15

* No disease-specific recommendation
« Variance in recommendation based on TPMT vs NUDT15 even though both genes have comparable effects on toxicity

Relling, CPT, 2019 13



Major changes to the previous guideline

Recommendation workflow from the 2018 quideline

| TPMT and NUDT15 genotypes known |

TPMT normal metabolizer (NM) TPMT intermediate metabolizer (IM) | [ TPMTpoor metabolizer V) |

| NUDT15 NM | | NUDTLS IM | | NUDT15 PM | | NUDT15 IM I | NUDT15 PM | | NUDT15 NM | | NUDT15 IM | | NUDT15 PM |

U o Consider dose
@’ Dose reduction reduction® See || Consider dose reduction®.

recommended®. See &UETE' TPMT IM See TPMT IM and Dose reduction recommended®. See TPMT PM
PM recommendation®. recommendation®. NUDT15 IM recommendationt.

recommendation®-r,

Consider dose reduction?®.
See NUDT1S5 IM
recommendation®,

Dose reduction
recommended?. See NUDT15
PM recommendation®.

Limits:
* No numbered dose reduction

Refers to the table & causes a lot of back and forth
Does not account for disease-specific recommendation.

Relling, CPT, 2019 14



Recommendation tables for the 2025 guideline

Drug-specific recommendations and account for their respective clinical indications:

« Mercaptopurine for malignancies (e.g., leukemia) and non malignancies (e.g., auto-immune disorders)
« Thioguanine for malignancies (e.g., leukemia)

» Azathioprine for auto-immune disorders

* 4 phenotype classes:

|. TPMT and NUDT15 normal metabolizer (NM)
II. TPMT NM and NUDT15 (possible) intermediate metabolizer (IM)
OR TPMT (possible) IM and NUDT15 NM
lll. Any combination with TPMT poor metabolizer (PM) and/or NUDT15 PM

IV. TPMT IM and NUDT15 IM (i.e., TPMT/NUDT15 compound IM phenotype)
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New recommendation workflow

TPMT and NUDT15 genotypes known

Malignant condition
Mercaptopurine and Thioguanine

Nonmalignant condition
Mercaptopurine and Azathioprine

TPMT NM and
NUDT15 NM

TPMT IM or
NUDT15 IM?

TPMT IM and
NUDT15 IM?

TPMT PM and/or
NUDT15 PMP

TPMT NM and
NUDT15 NM

TPMT IM or
NUDT15 IM?

TPMT IM and
NUDT15 IM?

TPMT PM and/or
NUDT15 PMP

Use standard
starting dose.

@ Also applies for TPMT or NUDT15 possible IM.
b For any combination with a TPMT or NUDT15 PM metabolizer phenotype, consider PM recommendation.

Use standard
starting dose.

Consider dose
reduction:
30-80%
of standard starting
dose.

Consider dose
reduction:
20-50%
of standard starting
dose.

Consider dose
reduction:
10%
of standard starting
dose, thrice weekly
instead of daily.

Consider dose

Consider dose

reduction: reduction: Consider alternative
30-80% 20-50% immunosuppressant
of standard starting of standard starting therapy.
dose. dose.
16




New recommendation workflow

Split the workflow by groups

of disease

TPMT and NUDT15 genotypes known
]

————

Malignant condition
Mercaptopurine and Thioguanine

TPMT NM and
NUDT15 NM

TPMT IM or
NUDT15 IM?

TPMT IM and
NUDT15 IM?

TPMT PM and/or
NUDT15 PMP

Use standard
starting dose.

Nonmalignant condition
Mercaptopurine and Azathioprine

TPMT NM and
NUDT15 NM

TPMT IM or
NUDT15 IM?

TPMT IM and
NUDT15 IM?

TPMT PM and/or
NUDT15 PMP

Use standard
starting dose.

Consider dose Consider dose C?g;:]dci; Odno.se Consider dose Consider dose
reduction: reduction: 10% ' reduction: reduction: Consider alternative
30-80% 20-50% of standard startin 30-80% 20-50% immunosuppressant
of standard starting of standard starting dose. thrice weeklf/] of standard starting of standard starting therapy.
dose. dose. instead of daily. dose. dose.
@ Also applies for TPMT or NUDT15 possible IM.
b For any combination with a TPMT or NUDT15 PM metabolizer phenotype, consider PM recommendation. 17




New recommendation workflow

TPMT and NUDT15 genotypes known

Malignant condition

Recommendation by TPMT

and NUDT15 phenotype

Nonmalignant condition
Mercaptopurine and Azathioprine

Mercaptopurine and Thioguanine /
P——
TPMT NM and TPMT IM or TPMT IM and TPMT PM and/or
NUDT15 NM NUDT15 IM? NUDT15 IM? NUDT15 PMP

TPMT NM and
NUDT15 NM

TPMT IM or
NUDT15 IM?

TPMT IM and
NUDT15 IM?

TPMT PM and/or
NUDT15 PMP

Use standard
starting dose.

Use standard
starting dose.

Consider dose
reduction:
30-80%
of standard starting
dose.

Consider dose
reduction:
20-50%
of standard starting
dose.

Consider dose
reduction:
10%
of standard starting
dose, thrice weekly
instead of daily.

@ Also applies for TPMT or NUDT15 possible IM.

b For any combination with a TPMT or NUDT15 PM metabolizer phenotype, consider PM recommendation.

Consider dose

Consider dose

reduction: reduction: Consider alternative
30-80% 20-50% immunosuppressant
of standard starting of standard starting therapy.
dose. dose.
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New recommendation workflow

TPMT and NUDT15 genotypes known

Malignant condition

Introduced the new compound

intermediate metabolizer

phenotype

 —

E——

Nonmaligna

\q&i\tion

Mercaptopurine and Thioguanine // Mercaptopurine and Azathioprine
| | A
TPMT NM and TPMT IM or TPMT IM and TPMT PM and/or TPMT NM and TPMT IM or TPMT IM and TPMT PM and/or
NUDT15 NM NUDT15 IM? NUDT15 IM? NUDT15 PMP NUDT15 NM NUDT15 IM? NUDT15 IM? NUDT15 PMP

Use standard
starting dose.

@ Also applies for TPMT or NUDT15 possible IM.
b For any combination with a TPMT or NUDT15 PM metabolizer phenotype, consider PM recommendation.

Use standard
starting dose.

Consider dose
reduction:
30-80%
of standard starting
dose.

Consider dose
reduction:
20-50%
of standard starting
dose.

Consider dose
reduction:
10%
of standard starting
dose, thrice weekly
instead of daily.

Consider dose

Consider dose

reduction: reduction: Consider alternative
30-80% 20-50% immunosuppressant
of standard starting of standard starting therapy.
dose. dose.
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New recommendation workflow

TPMT and NUDT15 genotypes known

Malignant condition
Mercaptopurine and Thioguanine

Nonmalignant condition
Mercaptopurine and Azathioprine

TPMT NM and
NUDT15 NM

TPMT IM or
NUDT15 IM?

TPMT IM and
NUDT15 IM?

Added the dose reduction
recommendation in the

Use standard
starting dose.

@ Also applies for TPMT or NUDT15 possible IM.

workflow

TPMT IM or
NUDT15 IM?

TPMT IM and
NUDT15 IM?

TPMT PM and/or
NUDT15 PMP

M

starting dose.

\*

Consider dose
reduction:
30-80%
of standard starting
dose.

Consider dose
reduction:
20-50%
of standard starting
dose.

Consider dose
reduction:
10%
of standard starting
dose, thrice weekly
instead of daily.

b For any combination with a TPMT or NUDT15 PM metabolizer phenotype, consider PM recommendation.

Consider dose

Consider dose

reduction: reduction: Consider alternative
30-80% 20-50% immunosuppressant
of standard starting of standard starting therapy.
dose. dose.
20




TPMT/NUDT15 compound IM dosing recommendation

A phenotype that is likely to be rare

Phenotype Central Asian | East Asian European Hispanic C::igr?l East Asian| European | Hispanic C:;;rr?l East Asian| European | Hispanic
Normal
metabolizer (NM) 96.3% 96.0% 90.9% 89.0% 86.5% 77.2% 98.6% 87.7% 83.3% 74.1% 89.7% 78.0%
Intermediate
metabolizer (IM) 3.4% 3.3% 8.4% 10.1% 12.6% 16.8% 0.76% 8.3% 0.43% 0.56% 0.06% 0.84%
Possible IM 0.004% 0.01% 0.02% 0.03% 0.03% 0.50% 0.002% 0.17% <0.001% | <0.001% | <0.001% | <0.001%
Poor metabolizer
(PM) 0.03% 0.03% 0.19% 0.29% 0.46% 0.91% 0.001% 0.2% <0.001% | <0.001% | <0.001% | <0.001%
Indeterminate 0.24% 0.65% 0.49% 0.59% 0.46% 4.59% 0.6% 3.7% 0.001% 0.03% 0.003% 0.02%

Overall estimation: <0.2%
*Compound IM freq. = TPMT IM freq. x NUDT15 IM freq.

21



TPMT/NUDT15 compound IM dosing recommendation

* Clinical evidence of the additive effects of the deficiencies in both TPMT and NUDT15

Maillard, JINCI, 2024

N = 1523 patients with ALL

5
(1.4%) 5

(0.34%)

15
(2.6%)

Self-identified
Race/Ethnicity

White
Hispanic
Asian
Black
Other

Metabolizer status across
self-identified race/ethnicity
X2 P<.001

22



TPMT/NUDT15 compound IM dosing recommendation

* Clinical evidence of the additive effects of the deficiencies in both TPMT and NUDT15

Regardless of the condition and
the drug

TPMT IM or
NUDT15 IMa

8090 Of 75 MQ/M? o o o o o e e e
Consider dose

reduction:

30-80%
30% Of 75 MQ/M? o o o o o s s s s i i of standard
starting dose.

Maillard, JINCI, 2024 23



TPMT/NUDT15 compound IM dosing recommendation

* Clinical evidence of the additive effects of the deficiencies in both TPMT and NUDT15

Regardless of the condition and

the drug
TPMT IM or TPMT IM and
NUDT15 M2 NUDT15 IM2
8090 Of 75 MQ/M? oo

Consider dose Consider dose

.................................................................. 50% of 75 mg/mz reduction: reduction:

30-80% 20-50%
30% Of 75 MQ/M? o o o o o s s s s i i of standard of standard
.................................................................. 20% of 75 mg/mz starting dose. starting dose.

Maillard, JINCI, 2024 24



CPIC
Pharmacogene
Curation

Expert Panels
(PCEP)



Inclusion of Alleles

mmy [ PMT Allele Nomenclature Committee

e As of November 2022
e Excluded *1A, *1S, *3D, and *3E
e 5 new star alleles

mmme NVUDT15 nomenclature validated by PharmVar

e 12 new star alleles

26



New Alleles

TPMT

NUDT15

o *¥42, *43, *44, *45, *46

e *10, *11, *12, *13, *14, *15,
*16, *17, *18, *19, *20, *21

27



Evidence Review

PubMed:
“[TPMT]/[NUDT15]
polymorphism”

Expertise of
authors

Variant Identifiers
e LitVar2

| HAVE A QUESTION OR COMMENT
ABOUT ALLELE FUNCTION OR
DIPLOTYPE-PHENOTYPE TABLES

Contact us with questions specifically about
CPIC alleles

Contact about functions or diplotype-
phenotypes

28


https://cpicpgx.org/contact/

PCEP Evidence Criteria

TPMT

e /n vivo activity measures

e Thiopurine tolerance and toxicity
e |n vitro functional studies

e LOF variants

e Nonsense, frameshift, splice variants, and loss of translation initiation codon

NUDT15

e Thiopurine tolerance and toxicity
e |n vitro functional studies
e LOF variants

e Nonsense, frameshift, splice variants, and loss of translation initiation codon

29



Strength of Evidence

Evidence Criteria

Examples

Definitive For TPMT and NUDT15, alleles that have consistent evidence of potential thiopurine-related TPMT*2, TPMT*3A,
toxicity, thiopurine tolerance, and enzymatic activity, as observed in patients and in vitro NUDT15%*3
studies

Strong * 22 independent clinical studies providing evidence for the allele’s role in drug phenotype = NUDT15*4, NUDT15*9
* (Casereports
* Invitro data support the variant-drug phenotype association
For TPMT, presumed loss-of-function (LOF) alleles with additional in vitro or in vivo data to TPMT*37, TPMT*42
support LOF.

Moderate For TPMT, two or more cases with clinically determined TPMT activity AND evidence of TPMT*16, TPMT*25,
potential thiopurine-related toxicity or thiopurine tolerance.
For NUDT15, two or more cases observed with evidence of thiopurine-related toxicity or

: : . : : NUDT15*6, NUDT15%*7

thiopurine tolerance and in vitro functional evidence.

Limited For TPMT, at least one case with clinically determined TPMT activity and/or evidence of TPMT*5, TPMT*17,

potential thiopurine-related toxicity or thiopurine tolerance.

For NUDT15, at least one case observed with evidence of potential thiopurine-related
toxicity, thiopurine tolerance or in vitro functional evidence.

Additionally, for both TPMT and NUDT15, alleles which alter function due to effects on
protein translation in the absence of additional clinical or in vitro evidence.

NUDT15%13,
NUDT15*19

Inadequate — Uncertain

For TPMT and NUDT15, absence of clinical data (including TPMT activity, thiopurine

TPMT*19, TPMT*40

Function tolerance, and toxicity) or conflicting in vitro and in vivo data. NUDT15%*11,
NUDT15%*20
No Evidence — Unknown There is no literature describing function. TPMT*35, TPMT*36

Function

30




Upc

Al

FL

e

ates 1o
e

nction

Assignments
for TPMT

Function 2018

Function 2025

*5 Uncertain function No function
*6 Uncertain function No function
*7 Uncertain function No function
*8 Uncertain function Decreased function
*10 Uncertain function No function
*13 Uncertain function No function
*16 Uncertain function No function
*17 Uncertain function No function
*18 Uncertain function No function
*20 Uncertain function No function
*21 Uncertain function No function
*22 Uncertain function No function
*25 Uncertain function No function
*26 Uncertain function No function
*27 Uncertain function No function
*28 Uncertain function No function
*31 Uncertain function No function
*33 Uncertain function No function
*34 Uncertain function No function
*37 Uncertain function No function
*38 Unknown function No function
*39 Uncertain function No function
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TPMT activity (U/mL)

30

20

10

TPMT*8 activity and thiopurine dose tolerance

*1/*24 vs HET P = 1.4x10%

A

I

l *1/*8 vs HET P = 3.9x108 |
-

Pou

“Clinical TPMT heterozygotes”

*1/*24 vs WT P = 0.002

| *1"8 vs WT P=0.15 I

|
*3A/*3C
n=1

| | 1
*1*2  *M/*3A *1/*3C
n=6 n=5 n=20

| I | ! I

'8 *1/2 *1/*24 *1/*40 *1/*1
n=8 n=2 n=10 n=1 n=785

Dose intensity

05 1.0 15 20 25

0.0

TPMTHET vs “1/*1:
P=24x%10"

*1/*24 vs HET P=0.31

*1/°8 ws HET P=0.01 .
. .
[ _"_',_ """""" " -~ ! .
i : . i
H #= -z | ) J
e ‘,_:h' P *
L T et 1| &
(B * S ] i i m :
i g B L
e e ", 3
: o 1S I :
; 13 ™ : =
— + | : *
[ i = 2 =
| “1°24 vs WT P=0.14
“Clinical TPMT heterozygotes” :
“1"Bvs WT P=0.55
T T T T T T T T T

*3A°3C *1/r2 "M3A *"rF3C 18
n=1 n=6 n=48 n=49 n=8

112
n=2

/24
n=9

“1/~40
n=1

"1
n=7v45

Liu et al 2017, Clinical Pharmacology and Therapeutics
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Sterner et al 2024, Journal of Molecular Diagnostics



TPMT
diplotype to
phenotype
translation

Assignment of likely

Likely Phenotype

phenotypes based on genotypes

Genotypes

Example Diplotypes*

Normal Metabolizer (NM)

an individual carrying two normal function
alleles

OR

one normal function allele PLUS one decreased
function allele

*1/*8

Intermediate Metabolizer (IM)

an individual carrying one normal function
allele PLUS one no function allele

OR

two decreased function alleles

*1/*2, *1/*3A, *1/*3B, *1/*3C, *1/*4

Possible Intermediate Metabolizer

an individual carrying one uncertain/unknown
function allele PLUS one no function allele

OR

one no function allele PLUS one decreased
function allele

*2/*9, *3A/*12

*3A/*8

Poor Metabolizer (PM)

an individual carrying two no function alleles

*3A/*3A, *2/*3A, *3A/*3C, *3C/*4,
*2/*3C, *3A/*4

Indeterminate

one normal function allele PLUS one uncertain
function allele

OR

one decreased function allele PLUS one
uncertain function allele

OR

two uncertain/unknown function alleles

*1/*19
*8/*30

*19/*40

*See CPIC® Guideline for Thiopurines and TPMT and NUDT15 for a full list of possible diplotypes and assigned phenotypes
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https://cpicpgx.org/guidelines/guideline-for-thiopurines-and-tpmt/

Updates to Allele Function Assignments for

NUDT15

NUDT15 Allele

Function 2018

Function 2025

*4 Uncertain function No function
*5 Uncertain function Decreased function
*6 Uncertain function No function
*7 Uncertain function No function
*8 Uncertain function Decreased function
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6-MP tolerance by NUDT15 diplotype - *5

2021, Pediatric R h
Tanaka 2021, haematologica Wang 2021, Pediatric Researc



NUDT15*5 Biochemical Data

Moriyama 2016 et al, Nature Genetics



NUDT15*8 Biochemical Data

Moriyama 2017 et al, blood



6-MP tolerance by NUDT15 diplotype - *8

*1/*7 *1/*7 *2/*8 *1/*9 *1/*9

Moriyama 2017 et al, blood



NUDT15

Likely Phenotype Genotypes Example Diplotypes*
N UD Tl 5 Normal Metabolizer (NM) an individual carrying two normal function ~ *7/%]
alleles
OR

d i p | Oty p e tO one normal function allele PLUS one %1 /%5

decreased function allele

h t Intermediate Metabolizer (IM) an individual carrying one normal function *1/*%2, *¥1/*3
p e n O y p e allele PLUS one no function allele

OR
t | t . an individual carrying two decreased X5 /%D
ra n S a I O n function alleles /

Possible Intermediate Metabolizer an individual carrying one uncertain *2/*%15, *¥3/*%21
function allele PLUS one no function allele

Poor Metabolizer (PM) an individual carrying two no function *2/%2, ¥2/*3, *2/*4
alleles
OR
one n.o function allele PLUS one decreased *3/*5
function allele

Indeterminate one normal funFt|on allele PLUS one *1/%12
uncertain function allele
OR
one decreased function allele PLUS one *5/*20
uncertain function allele
OR *11/*14

two uncertain function alleles

*See CPIC® Guideline for Thiopurines and TPMT and NUDT15 for a full list of possible diplotypes and assigned
phenotypes



https://cpicpgx.org/guidelines/guideline-for-thiopurines-and-tpmt/

Summary and take-home messages

Widespread TPMT/NUDT15 genotyping in the context of thiopurine therapy provides an opportunity to
align evidence-based PGx recommendations with real-world clinical practice.

« By involving experts in hematological malignancy (i.e., leukemia) and non malignancy diseases (such
as IBD, myasthenia gravis, ...).
« By reviewing the literature from 2018 to June 2025.

« TPMT/NUDT15 compound IM: we recommend to reduce the dose to 20-50% of standard dose.

«  We acknowledge the possible IM phenotype and provide the same recommendation as for the IM
patients, i.e. 30-80% of standard dose.

* Any combination with a PM allele is considered a PM.

* Novel alleles identified and characterized by the PCEP will be included in the « Assignment of likely
TPMT and NUDT15 phenotypes based on genotypes » table.

« PCEP has finished the review and is currently drafting a functional paper (new).
« Currently drafting the guideline, goal is to submit before the end of the year.
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Thank you!

L

We welcome questions and feedback

kelly.caudle@stjude.org

}@{ jun.yang@stjude.org

A maillard.maud@iuct-oncopole.fr

bailey.tibben@stjude.org
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