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Our Presenter

Amber Cipriani, Pramd, GO, IS 3 CHNICal pharmacist
specialized In 0NCOIORY Care and PharMacoEenomics.
She currently serves as the Precision Medicine
Prarmacy Coordinator at the University of Noeth Carolina
Medical Center where she works to iImplement inftiatives
that Improve medication use and management through
the utiization of technotogy, genetics, and clinical
Gecision SUpEOet tools.

She is & member of the Molecular Tumor Board and
Precision Oncology Program. She serves as the leader
of the Pharmacogencenics Initiative of the Program for
Precision Medicne in Health Caro (PPMH) at UNC.

Dr. Cipriani's position is a joint funded position with the
UNC Esheiman School of Pharmacy, where she serves
25 3 Clinical Assistant Professor coordinates elective
©OUrSes In Pharmacogenomics and hematology/
oncology pharmacotherapy for professional Pharm0
students.
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Our Presenter

5 Amber Cipriani, samo scoe, is @ clinical pharmacist specialized
» in oncology care and pharmacogenomics

4 She currently serves as the Precision Medicine Pharmacy
= Coordinator at the University of North Carolina Medical Center

3 Enjoyed genetics before going into pharmacy-developed a
» companion diagnostic genetic test!

2 Joint funded with the Eshelman School of Pharmacy where |
» coordinate courses and teach

1 Participates in multiple state and national groups working to
« implement pharmacogenomic testing
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Pharmacogenomics is the study of how multiple genes {
metabolism, efficacy, and toxicity.

e. the genome as a whole) impact drug
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Integrating pharmacogenomic
testing into oncology care

Amber Cipriani, PharmbD, BCOP

Precision Medicine Pharmacy Coordinator, UNC Health
Medical Center

Clinical Assistant Professor, UNC Eshelman School of
Pharmacy

URC

HEALTH
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Learning objectives

E Discuss examples of pharmacogenomic
= relationships for oncology medications.

application of pharmacogenomic tests.

Describe clinical workflows that integrate

ﬂ Identify resources to aid in interpretation and
v pharmacogenomic testing

ﬁ. -il
-~ Do you currently use genetic testing when caring for patients? How?
Nobody has responded yet
Hang tight! Responses are coming In,
e |
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Background
Information

22

What is precision medicine?

Precision Medicine Initiative Definition FDA Definition

“An emerging approach for disease treatment and “An innovative approach to tailoring disease prevention
prevention that takes into account individual and treatment that takes into account differences in

y in genes, mi i i

lifestyle for each person”

and people's genes, environments, and lifestyles”

Goal of Precision Medicine: Target the right treatments to the right patients at the right time

e 20182007 443-447

Pharmacogenetics vs. Pharmacogenomics

Pharmacogenetics Pharmacogenomics
e Study of how a single gene impacts ©  Study of how multiple genes (i.e.
drug metabolism, efficacy, and the genome as a whole) impact
toxicity drug metabolism, efficacy, and
toxicity

Wi Careile W, Wodgort R, Gong L et An st ine. Cin Pharmacal Ther 2021,410(31563-572

For Educational Use Only 8
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Germline versus somatic mutations

Varistion in
' - Treatment
- Corere ey Outcomes

Germline

Detected with a
cheek swab or
blood test

Somatic

Tumor specific

Detected with a
tumor sample or
blood test

Presented on 2/21/2024

Pharmacogenetics in
Oncology:

Tumor biomarkers
applied to drug selection

Case #1

LP’s chest x-ray was
q concerning, so
LPhls a 51—\{Far—old malj computed tomgography
who initially presente
with SOB for 6 months (cn \{vas GEEIGIE
confirmed presence of

amass in the lung

For Educational Use Only

A biopsy was obtained,
and LP was diagnosed

with metastatic non-
small cell lung cancer
(NSCLC)
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Case #1

* Tissue obtained from LP’s biopsy was sent to anatomic pathology, who prepared a specimen block using a formalin-
fixed paraffin embedded (FFPE) protocol

+ DNA isolated from the tumor specimen was analyzed for genetic changes associated with cancer using DNA sequencing

* The following results were obtained:

PATONT RESATS

28

Somatic testing: Next-Generation
Sequencing (NGS)

 “High-throughput”: Utilizes DNA sequencing
technologies that can process multiple DNA
sequences in parallel (cancer.gov)

« For Patients: Think of it as a very fancy spell-

checker for tumor DNA! Foundation CDx Tumor tissue 324
o Foundation CDx  Blood 311
Ty v Liquid
e Guardant Blood 73
i Neogenomics Tumor tissue Varies by
= disease
3 Tempus XT Tumor tissue/blood 648

_
29

Example of Results

Pt mATS ';‘:::":‘::::m EGFR exon 19 deletion
EE—— F7A5AT0de]
T

] (P53 R2130 |

Attt Dneeve cstrvem Gt with 103
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Example of Results

ﬁEGFR exon 19 deletion E746_A750del |

ﬁTP53 R213Q |

Gene Name

** Remember our test is looking at the DNA level,
but we are concerned with how the gene product
(protein) is malfunctioning in cancer

_
31

Example of Results

# =Talking about amino
' I acid

ﬁEGFR exon 19 deletion E746_A750del |

ﬁrpss R213Q |

Gene Name

_
32

Example of Results

[EGFR exon 19 deletion E746_A750del |

[TP53R213 |

For Educational Use Only 11
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What do we do with somatic tumor testing results?

b Metatatic

ATrozN

HRAS LI%
NRAS 1.2%

AP OTR

RSB ampification LT%
MET wmpbhcation 5%
REThon 2% -/
ROS1 huvien 1L9%

‘ ALK S 4%
MET splice 0%

[T

N2 trumcation 1 9%

Ot froem MSKAMPACT (Jordn ot o) anch
) FoundanuonOne (Frampton o &) parseh (8 = $267)
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Biomarker-directed therapy for advanced NSCLC

~Cetin
Crizotinib

~Entrectin

“Repotrectinib
~Lorftinio®

~Trastuzumab derutecan”

~Dabraferibtrametinb. ~Entrectinb «Trastuzumab ertansine?”

~Encorafenib/binimetin ~Larotrectini
fnib

* Denotes used as second line therapy

35

Disease Specific Guidelines (NCCN)

Laboratory reports
Resources to
identify

. Labeling
biomarker

directed
therapies

OncoKB

My Cancer Genome
Precision Medicine Knowledge Base

For Educational Use Only
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Pamsaregermsest Binemarkers o g £ sbebig

FDA Table of
Pharmacogenomic
Biomarkers in Drug

Labeling
httos://www.fda.gov/dr ien nd-r reh-dr le-phary; nomic-biomarkers-drug-labelin
So, bookmark it or use iour search eniine.. l

37

Welcome to OncoKB

M

840‘ 3 7635 . ‘,‘3;‘ . .“6 O n Co KB

https://www.oncokb.org/

_
38
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TUMOR TYPE LUNG ACENOCARCRONA

G Anseison erbue

First Line Treatments EGFR Mutant NSCLC
[EGRRmnhbitor  Dese  Tolmbity  Nows

Erlotinib 150 mg PO daily Acneiform rash, diarrhea Reversible inhibitor B

Reversible inhibitor

Gefitinib 250 mg PO daily LFTs, diarrhea, rash e e et line
therapy
Irreversible inhibitor
e, B Higher rates of serious adverse events,

diarrhea, stomatitis, treatment related deaths Also inhibits HER2

Higher rates of serious adverse events, Isrenbisnhitioy

et A5mePOdaly | iihes, stomatitis,treatment rlated deaths | also inhibits HERZ

Lower rates of diarrhea/rash Ire

Osimertinib 80 mg PO daily Active against T790M

resistance mutation

_
41

Pneumonitis, \ LVEF

Ugggh...Why are we going through all of this trouble!

—
| Wi
\
7 4
3 A Ny
§ A R
i \ \
3 \ b
£

cer (OFTIMAL, CTONG 080218
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Case #2

RG is a 53-year- Results of NGS
old female who is RG undergoes include MET exon
diagnosed with NGS 14 deletion and

metastatic NSCLC TP53 R175H

RG is a 53-year-old female Results of NGS include MET
who is diagnosed with RG undergoes NGS exon 14 deletion and TP53
metastatic NSCLC R175H

What therapy would you recommend for RG?

Use OncoKB (https://www.oncokb.org) to assist in answering this question and determine if
there are any FDA-approved therapies (OncoKB level 1 evidence) specific to her mutation
profile

Osimertinib
. Olaparib
Capmatinib
. Crizotinib

|
44

a0 oo

=]
£

What therapy would you recommend for RG? Use OncoKB (https://www.oncokb.org) to assist in
- answering this question and determine if there are any FDA-approved therapies (OncoKB level 1
evidence) specific to her mutation profile

|« L2t P et 0 s o otart v s s, it e o e, Gt ek 4 pben o PP

45
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Pharmacogenetics in
Oncology:

Germline biomarkers
applied to drug dosing

PHARMACOGENETIC BASICS

- Genetic -

Presented on 2/21/2024

Polymorphisms

Absorbtion
Excretion

Distribution Metabolisn;

Receptors

Immune
System

lon Channels Enzymes

PHARMACOGENETIC BASICS

Allele = a specific genetic sequence at a location in
the genome
«  Think of as an alternative “spelling” of the gene
instructions
+  Star nomenclature
+ SNP =single nucleotide polymorphism
Genotype = individual’s collection of genes
+ For each gene, you get one copy from your mom
and one copy from your dad
Diplotype = the two “spellings” that a person has
for a given gene
Phenotype = individual’s observable trait
-+ The phenotype is predicted by the genetics, but
other variables can change it

48
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Alleles

Genotypes |8

Phenotypes [# }

Medication |
Response

16



UNC Lineberger Cancer Network

amitriptyline clopidogrel
aripiprazole hydralazine
atomoxetine quinidine
brexpiprazole simvastatin
citalopram warfarin

clomipramine
desipramine

doxepin
escitalopram colocoxb
fluvoxamine ot
imipramine flurbiprofen
mirtazapine ibuprofen
nortriptyline meloxicam
paroxstine methadone
protriptyline oxycodone
risperidone piroxicam
sertraline {ramadol
timipramine

venlafaxine Rheumatology

49

Cardiology Oncology

belinostat
capecitabine
eliglustat
fluorouracil
irinotecan

mercaptopurine
tamoxifen
thioguanine

Infectious disease

Ear, eye, nose,
throat

Gastroenterology

dexlansoprazole
esomeprazole
lansoprazole
omeprazole
ondansetron
pantoprazole
rabeprazole

Neurology

phenytoin
siponimod
ozide

And many more...

FDA Table of PGx
Associations

32%TPMT  2.4% DPYD

1.6% CYP2B6.
1.6% HLA-B*57:01

3.2% NUDTIS

6.5% SLCO1BT

s
cmicie
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Case #3

SK is a 55-year-old
male with newly
diagnosed stage IV
colorectal cancer

His oncologist
orders a DPYD

genotype and finds
that SK carries the
DPYD *2A allele

You are seeing the
patient to initiate
cycle 1 of FOLFIRI

(5-fluorouracil,
leucovorin,
irinotecan)

You see the genetic
result in the
patient’s chart, but

have no idea why
the physician

ordered it or what
to do with it

Case #3 FOLFIRI

For Educational Use Only

Leucovorin

5-Fluorouracil
400 mg/m? IV bolus on day 1 followed by 2,400 mg/m?2 IV oy
infusion) started after bolus

Irinotecan

400 mg/m? IV on day 1 to match duration of irinotecan infusion

180 mg/m2 IV over 30-90 minutes on day 1

a continuous.

17


https://www.fda.gov/medical-devices/precision-medicine/table-pharmacogenetic-associations
https://www.fda.gov/medical-devices/precision-medicine/table-pharmacogenetic-associations
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About 5-fluorouracil (5FU)

Mechanism of Action —

 Inhibits thymidylate synthetase, incorporation into DNA and RNA to block normal
biosynthesis

Route of Administration

« Intravenous

+ Oral formulation = capecitabine

Most Common Adverse Effects

* Bone marrow suppression (anemia, thrombocytopenia, neutropenia), diarrhea, mucositis,
cardiac toxicity

FDA-Labeled Indication

* Colon cancer, gastric cancer, pancreatic cancer, breast cancer

52

[T
-...,‘---r““' ReT—
5FU metabolism = > >
= L.
o -
“9ih4g'd -
” —erx -
-
=3 .
q - > |
@) / C
LS - . [
‘
= o . .
o e
S st 5

Fluorouracil (5FU) metabolism
(Taylor’s version)

Enzymatically

DPYD
= Bl = T

Enzymatically
converted to

54
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Individual differences in DPYD activity

10740k 3409

Turns out, there is considerable differences in
activity of DPYD between individuals

*This activity is linked to the person’s genotype
for DPYD

*Knowing a genotype, we can predict a
phenotype

* The prevalence of DPYD deficiency is rare, but
it can cause serious toxicity to 5FU....

55

Impact of DPYD deficiency on 5FU
toxicity

*Depending on the level of DPYD activity, patients treated with standard doses of 5FU had
anywhere from a 2-10-fold increase in toxicities, such as myelosuppression and diarrhea

*FATALITIES HAVE BEEN REPORTED IN THOSE WHO LACK ANY DPYD ACTIVITY WHO ARE TREATED
WITH NORMAL DOSES OF 5FU

Lancet Oncol. 2015 Dec;16(16):1639-50.:
Pharmacogenomics. 2019 Aug:20(13):931-938.
Cancer Chemother Pharmacol. 2006 Aug;58(2):272-5.

_
56

What should we do?

Clinical Pharmacogenomics Implementation
Consortium (CPIC)
* 26 guidelines on drug-gene interactions that
require clinical attention

* Tells you “what to do” [ | SV —————

JCPIC

* Does NOT tell you who, when, and how to do the
genetic testing

linical Pha
p

2mentatior

_
57
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CPIC guidelines: DPYD and 5FU

— Tese2
Comtcsnen o

Another resource: PharmGKB .

1t Sorsametond M R mmartsners [ P e e——

59

So what should we do?

1. Go to PharmGKB

2. Search for “fluorouracil”

3. Click “Prescribing Info” ™~

60
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What should we do?

P ——

What should we do?
|

Dosing of 5FU considering DPYD activity
score

For Educational Use Only 21
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Do dose reductions compromise

survival?
Comgarison of patients who received dose-reduced 5FU based on the presence of DPYD variants
(n=93) to matched controls who received full dose 5FU (n=279)
A 7 E
z P
g g
EEEEREE BEEEREE]
Time (months) (S Time (months}

But what do the “big guys” say?

*DPYD testing is recommended in European guidelines, but not yet by American groups

WARNI? ND PRECAUTIONS weeeocaanae
* Increased Risk of Serious or Fatal Adverse Reactions in Patients with
Low or Absent Dipyrimidine Dehydrogenase Act : Withhold or
pe ly di fl I in patients with evidence of acute
early-onset or unusually severe toxicity, which may indicate near
complete or total absence of dipyrimidine dehydrogenase (DPD) activity.
No fluorouracil dose has been proven safe in patients with absent DPD
activity. (5.1)

65

Incorporation into clinical
practice guidelines

Clinical Standardization
and regulation

Integration into electronic
health records

Testing cost and < Clinical
reimbursement generalizability
il =
— Hurdles of PGx Implementation —

Uncertainty about
clinical efficacy

Knowledge and El
education gaps

66
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Is that all the genetic testing you need?

Genes & Drugs (CPIC Level A)
I I I e e

= —— DK
= =
== | [ -
=

[—
g Ve -
e et fhy
Pt e
premna Mo
o [

st

67

Case #4

She presents for a
TRis a 10-year-old follow-up visit for
African American monitoring of .
i , . You notice that the
female diagnosed mercaptopurine (6- usual dose for 6-MP

Her organ function is
completely normal,
and her CBC is within
normal limits to

with acute MP), which she is - o
q g iz 'm2 dail
lymphoblastic prescribed at a dose EZEe iy
leukemia (ALL) of 7.5 mg/m three
times per week

continue the drug

Could this dosing be a mistake? Could there be a pharmacogenetic
“force” at work here?

68

Case #4 Question

Which of the following is the reason for a 10-fold dose reduction
of mercaptopurine for ST?

Use PharmGKB (https://www.pharmgkb.org/) to assist in
answering this question

. Sheisa UGT1A1 poor metabolizer (UGT1A1 *28/*28)

. She is a NUDT15 intermediate metabolizer (NUDT15 *1/*2)

. She is a TPMT poor metabolizer (TPMT *3A/*3A)

. She is a child, and thus metabolizes mercaptopurine different than
adults

69

a0 oo
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Which of the following is the reason for a 10-fold dose reduction of mercaptopurine for
= ST? Use PharmGKB (https://www.pharmgkb.org/) to assist in answering this question

he is a UGTIAL poor metabolizes (UGT1A *28,

0%
She is 2 NUDT1S intermediate metabolizer (NUDTIS *1/°2)

0%
She is a TPMT poor metat P 3

o
She is 3 ch

o%

[=
£
"

70

2
HEranmcxs a B Mo O

C8 mercaptopurine

Annotation of CPIC Guideline for mercaptopurine and NUDT1S, TPMT

Overviem
Prescrtang s ° Ooung ke Atprrate g Ot Gusarce ¥ Powe O
Orup Libel Amstatioms @ Summary
Cinical Armsstaticns .
Variant Asrotstiarn B
¥ 8 genctype for specific annotations
Utersnare .
Patmasn . s
Seisted B> . <

Motomated Asoatatior @

Workflow solutions: Clinical Decision
Support

Would you rather....

1. Look all this mess up yourself and try to figure out how to understand it

2. Have a warning pop up when your patient is at risk of a drug-gene interaction?

For Educational Use Only 24
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Workflow solutions: Multigene testing

Would you rather...

1. Test for each individual pharmacogene when needed (and wait for the results to return before
placing an order)

OR

2. Test for multiple important pharmacogenes at once, so that you have the results on hand
when needing to prescribe drugs with pharmacogenetic interactions

_
74

Who is doing multigene testing?

St. Jude

University of Florida

Vanderbilt
NorthShore

Duke
Levine

VA

_
75
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Multigene testing pilot in Gl oncology at
UNC Health

Provider discusses PGxTeam enters BPAS fire within EPIC
6x educati Referral Lab PGx Team enters enomic naicators | Curent medications - @UNCMCTor future
ordinates Rafiex s consuitniomtl MG are optimized based
completion of genetic on e-consult
testing process recommendations

drug-gene
interactions

materials and orders
Poxtest

Presented on 2/21/2024

a

a

Summary

Targeted therapies used in oncology often require a biomarker
test to determine treatment eligibility

Large somatic tumor sequencing panels are becoming the gold
standard in oncology, so your ability to understand the

information is crucial to choosing the best treatment V

0 RESOURCE: https://www.oncokb.org/

Germline genetics can impact how a patient responds to
treatment due to differences in drug metabolizing enzymes or
pharmacodynamic markers

QO RESOURCE: https://www.pharmgkb.org/

77

=

———— Questions/Comments?

Nobody has responded yet

Hang tight! Responses are coming in

k"

78
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Extra slides (for
qguestions)

79

Oncology Specific Resources Germline Pharmacogenetics Resources
QncokB cPIC
My Cancer Genome RharmGKB
Precision Medicine Knowledge Base Table of

6-Mercaptopurine Dosing

For Educational Use Only
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Thank You ...

University Cancer
Research Fund

JUNC

UNC Lineberger Cancer Network

The Telehealth Team

Tim Poe -

Veseranda Odure ) oo Asdrew Dodgsom, ovm o nere e

Joa Powell, mo g (1 e Patrick Mescarella o oo o
Lindsey Rech, s - oe

Barbara Walsh, o v s

e s0ng Back Bhades wrtien and perormed by Dea Poe
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Upcoming Live Webinars "
o February 28

Immune (check point) Retated Adverse Events

Frances Collichio, M0
B March 13
O (N Ol ppoeled
Oncologjc Emergencies
o Jake Stein, M0, MpH
March 20
0

84
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Self-Paced, Online Courses
~ %yn‘?u [ 1= .

Update on Prostate Cancer Screening
Marc Bjurlin, 00, MSc. FAC

3 l‘_& BRIOG @,
s-! Genitourinary Cancer Management in North Carolina:
Updates for 2023

Hung-Jui (Ray) Tan, M

B @

e J‘ [
| % \%
i‘h o ‘ Next Generation Cancer Care Navigation

William A. Wood, M0, MpH
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We Thank You for Participating Today!

UNC Lineberger Cancer Network
Ask to sign up for our monthly e-newsletter
Email: unclecn@unc.edu
Call: (919) 445-1000

Check us out at

unclicn.org and learn.uncicn.org
Look for us on these social media platforms
B tcssookcom/uncien (@

86
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