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Equity Commitment

• In preparing for this presentation, I have 
considered the Health Equity Resource for 
Presenters provided by the conference planning 
committee.

• This was provided to help presenters reflect on 
how these topics and content can have good 
effects or bad effects on people or populations 
that are underserved.
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Learning Objectives 

1) Describe the importance of certain genetic 
mutations for optimizing selection of anticancer 
therapies 

2) Differentiate between somatic and germline 
genetic mutations and their relevance to 
anticancer drugs

3) Identify potential eligible medications for a 
patient based on a Next Generation 
Sequencing (NGS) report

4) Using case-based examples, list recent PODP 
formulary additions based on high microsatellite 
instability (MSI-H)/deficiency in mismatch repair 
(dMMR), BRCA mutation, NTRK mutation, etc.
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Question #1

• Let’s get to know the attendees!

My profession is:

A. Pharmacist/Pharmacy Tech or Assistant

B. Physician

C. Nurse

D. Allied Health
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Question #2

• Chemotherapy is standard of care for 1st line 
treatment of patients with metastatic colorectal 
cancer (mCRC) that is deficient in Mismatch 
Repair (dMMR).

A. True

B. False



2022 Provincial Cancer Care Conference

Definitions
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Pharmacogenetics

• The study of variability in drug response due to 
heredity

• Examples in Hem-Onc:
• CYP2D6 polymorphism

• CPY2D6 “poor metabolizers” receiving tamoxifen for early 
breast cancer have poorer clinical outcomes (PFS, OS) than 
“extensive” or “intermediate” metabolizers

• DPYD genotype variant
• DPYD gene variants associated with DPD deficiency are 

linked to a 25.6 times increased risk of fluoropyrimidine-
related mortality

Schroth W, et al. JAMA 2009

Sharma BB, et al. The Oncologist 2021
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Pharmacogenomics

• Genome: entire set of DNA instructions found in a 
cell

• Genomics: biology field studying all of the DNA of 
an organism; identifies and characterizes all the 
genes and functional elements in an organism’s 
genome

• Pharmacogenomics: Using a patient’s genomic 
information to tailor drug selection used in 
medical management, providing a more 
individualized approach

genome.gov/genetics-glossary
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Germline Mutations

• “From the patient”

• Inherited genetic alteration from a parental gamete 
occurring in the germ cells

• Present in every cell in the body

• Can be passed on to future children

• May be present in other family members

• Testing aims to identify mutations that predispose to 
later-onset diseases (e.g. breast, ovarian, prostate 
cancers)

• Tested via cheek swab or blood sample (not tumour
tissue)

BRCA1

BRCA2
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Somatic Mutations
• “From the Cancer”

• Acquired mutation in DNA within a cell

• Occur in a single somatic cell

• Neither inherited nor transmitted

• Can be prognostic and predictive of clinical 
course of diagnoses/response to therapy

• Testing aims to identify “drivers” of cancer 
growth that may have therapeutic options 
(e.g. targeted drugs)

• Tested via sample of malignant tissue (e.g. 
IHC, FISH, NGS)

EGFRALK

NTRK

ROS-1

BRAF
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Testing Modalities
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• Goal: finding an “actionable mutation/target” 
for which there is a drug of known clinical 
activity/benefit/tolerability
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Immunohistochemistry (IHC)

• Most common application of immunostaining

• Involves the process of selectively identifying target 
antigens (proteins) in cells of a tissue section by 
exposing the cell to select antibodies (probes)

• Staining the cell then shows presence of/intensity of 
uptake in the tissue sample of the target antigen

• Example: estrogen receptor/ progesterone receptor 
expression in breast cancer tissue 
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In Situ Hybridization

• Technique that localizes a sequence of DNA or 
RNA in a sample (affixed to a glass slide) then 
exposes the sample to a fluorescent “probe” –
a small piece of single stranded DNA tagged 
with a dye designed to adhere to a specific 
target section of DNA
• The labeled probe finds and binds to its matching 

sequence in the sample

Example: HER2/neu amplification in breast cancer tissue
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Next Generation Sequencing (NGS)

• Laboratory technique for determining the exact 
sequence of nucleotides in a DNA molecule
• key to understanding the function of genes and other 

parts of the genome

• “Next generation” sequencing is a version of DNA 
sequencing that is more efficient/less expensive 
version of original 

• Can look at 1000s of genes up to the whole 
genome; can evaluate DNA or RNA; DNA tends to 
be used most but requires the most cells to 
evaluate; 2-4 weeks turnaround time

• Example: Q31 Hotspot Tumour Panel
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Question #3:

• Clinical trials that evaluate actionable driver 
mutations and targeted therapies have 
historically underrepresented people from 
racial or ethnic-minority populations

A. True

B. False
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2018

2020

2022

2014



2022 Provincial Cancer Care Conference

ASCO-ACCC Joint Statement - 2022

• “Increasing Racial and Ethnic Diversity in Cancer 
Clinical Trials”

• 2-8% of adults with cancer enroll onto trials
• Tend to be younger, healthier, urban, less diverse 

racially/ethnically
• Are results generalizable to all if not representing all?

• Greatest barrier to enrollment: clinicians are not 
routinely offering clinical trials as a treatment option 
to all potentially eligible patients

• Barriers are many and include selection bias by 
clinicians, social determinants of health for patients 
(logistics, costs, exclusion criteria), institutional barriers 
(travel)

J Clin Oncol 2022; 40:2163-71.
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Access to Testing

• If a new therapy requires confirmation of a driver 
mutation, cost of testing to identify potentially 
eligible patients must be integrated into funding

• Differs by tumour type/mutation:
• Those with established actionable driver mutations 

likely have reflexive testing in place (e.g. NSCLC)

• Those with emerging actionable driver mutations likely 
require reactive/requested testing in place (e.g. NTRK)

• Funding for testing for systemic therapies that are not 
provincially funded differs
• Some tests are covered by manufacturer access programs

• Some tests require self-funding by patients (including third 
party insurance coverage)
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Patient Cases
• Sources for potential directed-treatment options:

• Pathology Report(s) (ARIA)
• Surgical Pathology (histologic diagnosis)
• Next Generation Sequencing Report (“Q31 Hotspot”)
• Immunohistochemistry (IHC)

• PODP Formulary (SharePoint)
• Searchable database to identify treatments by DSG, 

drug, regimen, ID#
• Provides criteria for use, direct links to RRO, drug 

dose alerts

• PODP Funding Algorithms (SharePoint)
• Emerging library of algorithms providing an overview 

of funded therapies and sequences for specific 
diagnoses
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Patient Case - Lung Cancer

• 77 y.o. male

• Prior Stage IIIA NSCLC (right lung) 2 years ago; 
ALK, EGFR negative; PD-L1 TPS: 60-70%

• Received 1 cycle of adjuvant PEMEtrexed-
CISplatin
• discontinued due to acute nephrotoxicity (CISplatin)

• May 2022: recurrent disease identified on routine 
follow-up CT (contralateral lung [left])

• June 2022: CT-guided biopsy of left lung lesion

• July 2022: PET: Intense uptake left lower lobe, 
right lung, right scapula, bilateral hilar and 
subcarinal lymph nodes
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NGS @ CCMB: “Q31 Hotspot”

EGFR negative, 
ALK negative,
MET negative,
RET negative
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• Based on Q31 Hotspot and IHC results, targeted 
therapy is not appropriate

• From past treatment, chemotherapy-induced 
nephrotoxicity persists (CrCl = 23 mL/min)

• All other baseline hematology/biochemistry 
unremarkable

• Medical Oncologist offers:
• Triplet therapy with pembrolizumab, PACLitaxel, and 

CARBOplatin (PODP Formulary ID: 477)

• 100% dose for pembrolizumab, PACLitaxel

• 80% dose for CARBOplatin

• Two cycles so far; no delays or worsening labs

Patient Case - Lung Cancer
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PODP Formulary ID: 477
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Patient Case – Colorectal Cancer

• 78 y.o. female

• Abdominal pain in Spring 2021 led to imaging 
which confirmed a large pericolonic mass into 
transverse colon
• Necrotic – differential: lymphoma vs. primary CRC vs. 

GIST

• Concern for bowel perforation with neoadjuvant 
chemotherapy

• Biopsy via colonoscopy confirmed poorly 
differentiated carcinoma

• Extended right hemicolectomy led to further 
pathological assessment: IHC for MMR
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Mismatch Repair (MMR) and 
Microsatellite Instability (MSI)

• Genetic subset of colorectal cancer tumors with 
mismatch-repair deficiency (dMMR)

• 15% of all patients with colorectal cancer 
(both sporadic and hereditary)

• Sporadic dMMR: methylation of the MLH1 
gene promoter

• Hereditary dMMR: germline mutations in 
the MLH1 and MSH2 genes 
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Mismatch Repair (MMR) and 
Microsatellite Instability (MSI)

• Results in the inability of cells to recognize and 
repair spontaneous mutations, resulting in a very 
high tumor mutation burden and altered 
microsatellite sequences that render these 
tumors high in microsatellite instability (MSI-H)

• Mounting evidence suggests that MSI-H–dMMR 
tumors are less responsive to conventional 
chemotherapy
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• KEYNOTE 177

• Compared pembrolizumab to various chemotherapy 
options (FOLFIRI, FOLFOX6, bevacizumab + FOLFIRI or 
FOLFOX6, cetuximab + FOLFIRI or FOLFOX6) for 1st line 
treatment of mCRC
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KEYNOTE 177
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Back to our Case: dMMR
• Performed via Immunohistochemistry (IHC) of surgical specimen

• Tests expression of 4 MMR proteins that work in pairs (MSH2 with MSH6; 

MLH1 with PMS2); if one is lost, the other is usually lost; confirms dMMR
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Questions

• Do we have enough information to select a 1st

line treatment?

• Which 1st line treatment is optimal for this 
patient?
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PODP Formulary ID: 570
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mCRC Funding Algorithm - dMMR
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BRCA mutation
• BRCA1 and BRCA2 are tumor suppressor genes

• Common functional link between BRCA1/2 proteins 
is the homologous recombination repair (HRR) 
pathway
• Promotes DNA double-strand break (DSB) repair 

• Deleterious mutations in BRCA gene are known to 
be pathogenic 
• Interfere with BRCA1/2’s DNA repair function 

• Alteration can occur in germline or somatic cells 

• BRCA1 or BRCA2 mutations are mutually exclusive

• Associated with ovarian, breast, and prostate 
cancers
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BRCA mutation

Cohort A: Patients with at Least One Alteration in BRCA1, BRCA2, or ATM 

(Cohort A)

olaparib tablets (300 mg twice daily) or the prespecified physician’s choice of 

enzalutamide (160 mg once daily) or abiraterone (1000 mg once

daily, plus prednisone at a dose of 5 mg twice daily) (control group).
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BRCA mutation
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BRCA mutation
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Patient Case – Prostate Cancer

• 62 y.o. male

• Diagnosed with locally advanced prostate 
cancer in 2020; initiated ADT with goserelin and RT

• 2021: retroperitoneal recurrence; initiated 
enzalutamide for metastatic castrate-resistant 
prostate cancer (mCRPC)

• Summer 2022: enlarging retroperitoneal disease; 
PSA increase; screened for clinical trial enrollment 
– includes NGS testing assessment for potential 
BRCA, ATM mutations
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“FoundationOne Liquid CDx”
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NTRK
• Neutrotrophic Tyrosine Kinase (NTRK) is an 

oncogene whose gene products (the TRK family of 
receptors) express cell surface receptor tyrosine 
kinases that bind to neurotrophic ligands. 

• TRK activation results in the autophosphorylation of 
intracellular tyrosine residues (signals MAPK, PI3K, 
PKC pathways downstream)

• Somatic NTRK mutations have been identified in 
multiple tumour types – colorectal, lung, breast, 
melanoma, AML, neuroblastoma

• Fusions involving NTRK1, NTRK2, NTRK3 proteins is 
common mechanism for TRK oncogenic activation
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NTRK
• Two NTRK tyrosine kinase inhibitors under review for 

funding:
• Entrectinib
• Larotrectinib

• Studies for NTRK inhibitors have been “tumour
agnostic”
• Basket trials of small numbers of patients of different 

diagnoses

• Place in therapy is after “all other satisfactory 
treatment options” have been used (interpretation of 
that definition is variable)

• Only larotrectinib has approval in pediatrics
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NTRK
• Not included in Q31 Hotspot

• Both agents have manufacturer access 
programs at this time

• NTRK NGS testing is not provincially funded at 
this time
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Question #4

• Which drug is “mismatched” with its intended 
mechanism/target:

A. Entrectinib – NTRK fusion mutation

B. Olaparib – BRCA mutation

C. Pembrolizumab – CTLA-4

D. Pembrolizumab – deficiency in MMR
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Question #5
• In the electronic health record (e.g. ARIA), 

pertinent diagnostic information about 
potential gene mutations/drug targets can be 
found in:

A. Surgical Pathology

B. “Q31 Hotspot” Tumour Panel

C. Immunohistochemistry

D. All of the above
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Take Home Messages

• Terms pharmcogenetics, pharmacogenomics, 
are often used interchangeably

• Available clinical trial evidence in 
pharmacogenomics often underrepresents the 
diversity in the general population

• More and more systemic therapies listed on 
PODP Formulary have demonstrated evidence 
of benefit when patient-specific and tumour-
specific targets are identified

• Current access to testing varies by tumour type 
and mutation/target
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Resources
• oncoKB.org

• US-based website documenting therapeutic level of 
evidence for various systemic therapies (MSKCC)

• genome.gov
• US-based website with glossary of terms related to 

genomic topics

• CPICgx.org
• Clinical Pharmacogenetics Implementation Consortium
• Guidelines for implementing pharmacogenetic testing 

into clinical practice

• CADTH.ca
• Canadian agency providing evidence-based reviews 

of emerging anticancer drugs for Canadian jurisdictions

• Mypathologyreport.ca
• Canadian website with patient-directed information to 

understand pathology reports; content created by 
Canadian pathologists and patients


