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Abstract

Background: Many cancer patients who receive chemotherapy experience adverse drug
effects. Pharmacogenomics (PGx) has promise to personalize chemotherapy drug dosing to
maximize efficacy and safety. Fluoropyrimidines and irinotecan have well-known germline PGx
associations. At our institution, we have delivered PGx clinical decision support (CDS) based
on preemptively obtained genotyping results for a large number of non-oncology medications
since 2012, but have not previously evaluated the utility of this strategy for patients initiating
anti-cancer regimens. We hypothesize that providing oncologists with preemptive germline
PGx information along with CDS will enable individualized dosing decisions and result in
improved patient outcomes.

Methods: Patients with oncologic malignancies for whom fluoropyrimidine and/or irinotecan-
inclusive therapy is being planned will be enrolled and randomly assigned to PGx and control
arms. Patients will be genotyped in a clinical laboratory across panels that include actionable
variants in UGTTAT and DPYD. For PGx arm patients, treating providers will be given access

to the patient-specific PGx results with CDS prior to treatment initiation. In the control arm,
genotyping will be deferred, and dosing will occur as per usual care. Co-primary endpoints are
dose intensity deviation rate (the proportion of patients receiving dose modifications during
the first treatment cycle), and grade =3 treatment-related toxicities throughout the treatment
course. Additional study endpoints will include cumulative drug dose intensity, progression-
free survival, dosing of additional PGx supportive medications, and patient-reported quality of
life and understanding of PGx.

Discussion: Providing a platform of integrated germline PGx information may promote
personalized chemotherapy dosing decisions and establish a new model of care to optimize
oncology treatment planning.

Keywords: chemotherapy, fluoropyrimidines, genetic testing, irinotecan, pharmacogenomics,
toxicity management
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personalize drug dosing to optimize safety and effi-
cacy. Many oncologic therapeutics have well-
known PGx associations, and preemptive
genotyping and the use of germline PGx informa-
tion offers an opportunity to improve oncology
care by identifying individuals at risk of adverse
drug effects (ADEs).*® However, aside from

Background

The vast majority of patients who receive chemo-
therapy report side effects, many of which are
grade 3 or higher toxicities requiring medical inter-
ventions.!~> Pharmacogenomics (PGx) — the study
of how germline genetic variants affect individual
response to medications — has promise to
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thiopurine methyltransferase (TPMT) testing
prior to 6-mercaptopurine administration in pedi-
atric oncology, PGx has not been routinely incor-
porated into oncologic practice in the vast majority
of countries (including the US), and in fact, oncol-
ogy may lag behind other fields.%!° This is some-
what surprising, as oncologists routinely utilize
information on germline cancer predisposition and
somatic (tumor-based) genomic alterations for
patient care planning (notably in the context of
Poly ADP ribose polymerase (PARP) inhibitors, in
which BRCA germline variants are hypothesized to
accompany somatic susceptibility to therapy).!1:12
The potential application of germline PGx infor-
mation offers an additional avenue for the delivery
of personalized medicine in oncology.13:14

Fluoropyrimidines (5-fluorouracil [5-FU],
capecitabine) and irinotecan are commonly pre-
scribed chemotherapies, with efficacy across a
broad range of tumor types. Dihydropyrimidine
dehydrogenase (DPD) is the rate-limiting enzyme
influoropyrimidine metabolism.1> Polymorphisms
in the DPYD gene can result in enzyme deficiency
leading to an increased risk of severe, sometimes
fatal toxicities in up to 10% of patients.® Allele
frequencies of these variants vary among ethnic
groups and confer different levels of predicted
enzymatic activity, also called ‘activity scores’.
Table 1 shows several well-described clinically
actionable alleles in DPYD, with their associated
enzymatic activity scores and observed frequen-
cies in various populations.

The feasibility and safety of fluoropyrimidine
genotype-guided dosing has now been demon-
strated by several groups.1:17:22-25 Deenen et al.
prospectively screened patients initiating fluoro-
pyrimidine therapy for DPYD *24; among >2000
patients screened, 22 patients were identified as
*2A heterozygotes, and 18 preemptively received
reduced fluoropyrimidine dosing (the other four
did not receive a fluoropyrimidine).!® The inci-
dence of severe toxicities (grade =3) among car-
riers was 28%, which compared very favorably
with the observed toxicity of a historical cohort of
patients with DYPD*2A variants who received
full-dose fluoropyrimidines (grade =3 toxicity
rate 78%), and with the concurrently treated
group of patients who did not carry *2A and
received full dose fluoropyrimidines (23% grade
=3 toxicity rate). Compared to the historical
cohort of *2A carriers who received full dosing,
the risk of drug-induced death was reduced from
10% to 0% in *2A carriers receiving reduced

dosing. Furthermore, the average total treatment
cost was modeled as being modestly lower with
screening, even when including the screening
costs for the entire population. Subsequently,
Henricks er al. prospectively evaluated genotype-
guided dosing that was extended to include four
DPYDvariants (*2A0rc.1905+1G>A, c.2846A>T,
*13 or ¢.1679T>G, and HapB3/c.1236G>A).!7
Heterozygous variant allele carriers comprised 8%
of all patients evaluated (85 of 1103 patients) and
received initial chemotherapy dose reductions. The
relative risk of severe fluoropyrimidine-related
toxicity was reduced in all groups as compared to
historical controls. Based on these and other data,
the Clinical Pharmacogenetics Implementation
Consortium (CPIC) recommends upfront dose
reductions for carriers of these alleles.!® Finally,
recent data have also demonstrated that the DPYD
variant ¢.557A>G (rs115232898, p.Y186C),
which is present in 3-5% of individuals with
African ancestry, results in reduced functional
DPD enzyme levels and is likewise associated
with higher rates of fluoropyrimidine toxicity.18:20
A number of studies (both observational and pro-
spective) are ongoing to evaluate the impact of
DPYD variant testing in cancer patients, albeit in a
non-randomized fashion.26-28

Similarly, the active metabolite of irinotecan,
7-Ethyl-10-hydroxycamptothecin (SN-38), is glu-
curonidated (inactivated) by the enzyme uridine
diphosphate (UDP) glucuronosyltransferase fam-
ily polypeptide Al, which is encoded by the
UGTI1A1 gene.?®° The UGT1A1 gene has common
thymine-adenine (TA) insertion/deletion poly-
morphisms in the promoter region, and some
populations also manifest a missense variant in
exon 1, either of which results in an altered risk of
treatment-related toxicities, especially neutrope-
nia.30-33 Table 2 shows several well-described clin-
ically actionable alleles in UGT1A1, with observed
frequencies in various populations. The wild-type
allele (UGT1A1*1) has six TA repeats, while the
most common variant allele in Caucasians
(UGT1A1*28) hasseven TArepeats. Approximately
10% of European-descent populations are
homozygous for the UGTI1A1*28 allele (TA
indel/UGT1A1 7/7), while an additional 40% are
heterozygotes for this variant. The greater number
of promoter region repeats has been shown to
result in less transcription; thus, patients — partic-
ularly those who are homozygous for the
UGT1A1*28 polymorphism (or the *37 allele
which has eight TA repeats and is associated with
African ancestry) have reduced SN-38 clearance
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Table 1. Selected actionable DPYD variants, with associated functional activity scores and expected frequencies by ethnicity.

DPYD allele Activity score’  African Caucasian? Other? References

ancestry, allele ancestry, allele ancestry allele

frequency frequency frequency
*2A 0 0.0006-0.008 0.0079-0.022 0.0008-0.0051 Deenen et al.’¢ Henricks
c.1905+1G>A et al.'7” Amstutz et al.’® ARUP
rs3918290 Laboratories.”
*13 0 0 0.0006-0.01 0 Deenen et al.’® Henricks
c.1679T>G et al.'? Amstutz et al.'® ARUP
p.1560S Laboratories??
rs55886062
C.2846A>T 0.5 0.0006-0.008 0.0037-0.014 0.0006-0.0021 Deenen et al.’ Henricks et al."?
p.D949V Amstutz et al."®
rs67376798
HapB3 0.5 0.0031 0.0237 0.0059 Deenen et al.’® Henricks et al."’
c.1236G>A Amstutz et al."8
rs56038477
p.Y186C 0.5 0.016-0.0251 0.0001 0.0013 Amstutz et al.'8 Elraiyah et al.20
c.557A>G Offer et al.?!
rs115232898

'Enzyme activity is defined as 1=normal function, 0.5=reduced function, 0=no function. An individual's activity score is defined as the sum of the

two diploid alleles’ variant activity scores.

2Caucasian ancestry cohort includes European and European-descent North American populations.
30ther ancestry cohort includes Asian (East, South), Indian, Middle Eastern, and Americas populations.

and are at higher risk of hematologic toxicity
including severe neutropenia as well as dose-
dependent severe diarrhea when receiving irinote-
can.>6:30,32-34 Patients with the UGT1A1*36 allele
have five TA repeats and are not at increased risk
of toxicities.?> In addition to TA repeat variants,
patients carrying the UGT1A1*6 (or 211G>A)
polymorphism in Exon 1 of the gene (most com-
monly observed in individuals of Asian ancestry)
also have reduced enzyme activity and SN-38 clear-
ance, which is also associated with an increased risk
of irinotecan-related toxicities including severe
neutropenia and diarrhea.3¢42 The Food and Drug
Administration (FDA) product label in the United
States recommends that a lower starting dose of
irinotecan should be considered for patients with
the UGT1A1*28/*28 genotype.43

Despite a relatively large body of evidence
demonstrating the feasibility, safety, and cost-
effectiveness of PGx testing for DPYD and UGT1A1,
and despite FDA label prescribing information
regarding relevant PGx for each, prospective
genotyping for DPYD and UGTI1AI1 prior to the
administration of fluoropyrimidines and irinotecan
is essentially non-existent in the United
States.16:17:3347 For fluoropyrimidines, only very

recently did the European Medicines Agency
recommend routine upfront testing of DPD defi-
ciency.*® We hypothesize that the lack of routine
PGx testing in the United States is due to a perceived
deficiency of prospective, randomized data, as well
as a paucity of appropriate systems for obtaining and
translating germline PGx information to oncology
clinicians at the bedside.?>° We seek to address
these implementation barriers, as well as this impor-
tant evidence gap, with the design of the prospective,
randomized PhOCus Trial: Implementation of
Pharmacogenomic Testing in Oncology Care.

Methods

Design

This is a randomized, prospective study to evalu-
ate the effects of PGx testing on chemotherapy
dosing decisions and on reducing medication-
related adverse events in oncology patients.
Patients with cancer who are planned to receive
fluoropyrimidine (5-FU, capecitabine) and/or
irinotecan therapy will be enrolled and randomly
allocated to PGx and control arms (Figure 1). In
the PGx arm, providers will be given immediate
access to patient-specific information and
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Table 2. Selected actionable UGTTAT variants, with associated functional implications and expected

frequencies by ethnicity.

UGT1AT1 allele Allele African Caucasian’ OtherZ ancestry, References
function ancestry, allele ancestry, allele  allele frequency
frequency frequency

*36 Normal 0.08 0.0 0.0 Dean3s,

5 TA repeats function Maeda et al.%?
CPIC4
Gammal et al.*

*6 Reduced  0.001-0.004 0.007-0.01 0.0079-0.17 Maeda et al.%?

211G>A function Onoue et al.#1

rs4148323 ERIEGL
Gammal et al.4

*28 Reduced  0.3734 0.3165 0.1480-0.4142 Innocenti

7 TA repeats function et al.3 Maeda
et al.3? CPIC4
Gammal et al.*
lyer et al.%

*37 Reduced  0.0570 0.0007-0.001 0.0043 Dean®

8 TA repeats function Maeda et al.%f
CPIC

Gammal et al.4®

'Caucasian ancestry cohort includes European and European-descent North American populations.
20ther ancestry cohort includes Asian (East, South), Indian, Middle Eastern, and Americas populations.

PGx Arm

PGx information & GPS access is
provided to clinicians to inform initial
dosing decisions

Primary Endpoints:
Pgyey: 1st cycle dose modifications

Pyox: Incidence of 2 Grade 3 adverse events
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l

\ Patient Enrollment ‘

1

’ Blood Sample Obtained ‘

Upfront

TR Randomization
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PGx information & GPS access is
not provided and initial dosing is according
to standard of care

Patients initiated
on chemotherapy

Secondary Endpoints:
Cumulative Drug Dose Intensity

Progression Free Survival

Dosing of PGx Supportive Care Medications
Quality of Life

Patient Understanding of PGx

Primary Endpoints:
Pgev: 1st cycle dose modifications

P.ox: Incidence of 2 Grade 3 adverse events

Secondary Endpoints:
Cumulative Drug Dose Intensity

Progression Free Survival

Dosing of PGx Supportive Care Medications
Quality of Life

Patient Understanding of PGx

*All patients in the control arm will be genotyped with results and GPS access provided to their clinical team approximately 6 months after study enrollment

Figure 1. The 'PhOCus Trial’ study design.
Patients with oncologic malignancies for whom fluoropyrimidine and/or irinotecan-inclusive therapy is being planned will be enrolled and randomly
assigned to pharmacogenomic (PGx) and control arms, stratified by disease type and setting. In the PGx arm, subjects will be preemptively tested
prior to oncology treatment initiation using a panel of PGx variants that may inform medication use/dosing. Providers will be given access to patient-
specific information and genotypic dosing guidance in the form of the interactive software tool, Genomic Prescribing System (GPS). In the control
arm, initial chemotherapy prescribing will occur as per standard of care (without the availability of genotype information). The co-primary endpoints
are the comparison of dose intensity deviation rate (the proportion of subjects receiving modifications) during the first treatment cycle, and the
incidence of grade 3 or higher toxicities throughout the treatment course. Secondary endpoints include cumulative chemotherapy dose intensity and
anti-tumor efficacy measured by response rate, progression-free survival, and overall survival. Exploratory objectives will include the use of GPS to
guide prescribing of other oncology-related and supportive medications, patient-reported quality of life, and patient understanding of PGx.
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genotypic dosing guidance (based on patient
DPYD and UGT1A1 variant allele status) in the
form of the electronic medical record (EMR)-
integrated software tool, the Genomic Prescribing
System (GPS). In the control arm, initial fluoro-
pyrimidine and irinotecan dosing will occur as
per standard of care, and subject genotyping will
be deferred until approximately 6 months after
enrollment (after the course of chemotherapy).

The co-primary endpoints are dose intensity devi-
ation rate (the proportion of patients receiving
dose modifications) during the first treatment
cycle, and the incidence of grade 3 or higher tox-
icities throughout the entire treatment course.
Secondary endpoints will include overall chemo-
therapy dose intensity and key oncologic efficacy
endpoints including response rate, progression-
free survival (PFS), and overall survival (OS).
Exploratory endpoints will include the impact of
PGx on prescribing of additional PGx-informed
oncology-related and supportive care medica-
tions, patient-reported quality of life, and patient
understanding of PGx. We hypothesize that if
oncology clinicians are provided preemptive PGx
information to help guide fluoropyrimidine and
irinotecan dosing, they will dose-modify treat-
ments in an effort to mitigate and avoid toxicities,
which may improve treatment tolerability as well
as outcomes for cancer patients.

Subjects

Adult oncology patients (18years or more) receiv-
ing care at the University of Chicago Comprehensive
Cancer Center, and for whom treatment with a
fluoropyrimidine and/or irinotecan treatment-
containing regimen is being considered, are eligible.
Specifically, enrollment will occur in breast, gastro-
intestinal (GI), and head and neck medical oncol-
ogy clinics, given the common utilization of these
agents in standard of care treatment. Recruitment
will occur from across each of two physical cancer
center locations, including the university campus
main medical center in Chicago, and a university-
affiliated community-based oncology practice net-
work site in suburban Chicago. Patients will be
treatment-naive for the planned chemotherapy
agent of interest. Subjects will be approached for
enrollment by the research coordinator in conjunc-
tion with standard of care oncology visits. Exclusion
criteria include: (a) prior exposure to the planned
chemotherapy of interest (fluoropyrimidine and/or
irinotecan); (b) enrollment in another investiga-
tional trial which would preclude dose

modifications of fluoropyrimidine and/or irinotecan
chemotherapies; (c) history of or active considera-
tion for bone marrow, liver, or kidney transplanta-
tion; (d) history of or active blood cancer (e.g.
leukemia); (e) chronic kidney disease, as defined by
estimated glomerular filtration rate (eGFR) <30/
ml/min/1.73m2, due to the risk of decreased drug
excretion; and (f) liver dysfunction, as defined by
the following laboratory values, due to the risk of
decreased drug metabolism: total bilirubin =1.5mg/
dL, aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) =2.5 X upper limit of
normal (AST and ALT =5 X upper limit of nor-
mal if hepatic metastases are present).

Genotyping

At enrollment, all patients will provide a blood
sample for PGx germline genotyping. Genotyping
will be carried out in a College of American
Pathologists (CAP)-accredited and Clinical
Laboratory Improvement Amendments (CLIA)-
certified laboratory at the University of Chicago.
The anticipated test turnaround time is 7-10 busi-
ness days. All patients in the study will give consent
to genotyping across our established custom panel
of germline variants identified as affecting drug dis-
position, response, or toxicity (using OpenArray
technology from Thermofisher).5! Patients will be
genotyped specifically for five actionable variants
within DPYD (Table 1). In an exploratory fashion,
patients will also be genotyped for several previ-
ously implicated variants in the genes encoding for
thymidylate synthase and thymidylate phosphory-
lase, although the genotype results for these vari-
ants will not be delivered clinically.’>53> For
UGTI1A1, the UGT1AI1*6 exon variant will be
assessed by OpenArray, while promoter sequence
thymine-adenine-thymine-adenine (TATA) poly-
morphisms (UGT1A1*28, *36 and *37) will be
assessed by a separate assay using polymerase chain
reaction (PCR) and sizing by polyacrylamide gel
(Table 2).5¢ To guide the potential use of support-
ive care medications (exploratory endpoint) sepa-
rately, we will also genotype patients across our
custom dedicated CYP2D6 panel, which uses the
Invader technology from Hologic, complemented
by CYP2D6 copy number assessment.>3-56

Translation of genotype results and

clinical decision support via the genomic
prescribing system

Multiple genomic profiling assays based on next-
generation sequencing (NGS) are wutilized
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Figure 2. Pharmacogenomic clinical decision support provided via electronic medical record (EMR) embedded genomic prescribing

system (GPS).

The GPS is an interactive software tool linked to the institutional EMR that will provide oncology clinicians with subjects’ pharmacogenomics
(PGx] results, prescribing recommendations, a list of alternative medications, as well as literature references and a level of evidence of each
recommendation. Each summary utilizes traffic light iconography to allow clinicians rapidly to identify patient-specific recommendations: green
‘favorable’ lights, yellow ‘caution’ and red ‘warning’.

routinely in oncologic patient care planning to
assess for somatic (tumor-based) genomic altera-
tions, providing patient-specific results along with
interpretations and recommendations to help
guide personalized treatment decisions. However,
there is a lack of implementation of germline PGx
testing in oncology, potentially due to a scarcity of
appropriate systems for obtaining and translating
this information. Our institution has previously
employed the secure, password-protected, PGx
results and decision support portal, the GPS, an
interactive software tool that is linked to our insti-
tutional EMR5157 (Figure 2). After genotyping,
oncology clinicians (physicians, advanced practice
providers and nurses), upon opening their patient’s
chart, will receive a best practice alert (BPA) within
the EMR notifying them of the PGx results with a
direct link to the GPS, which will then deliver
information as a drug-centered ‘drug—gene pair
result summary’. This summary will contain a syn-
opsis of the patient’s genotyping results, an inter-
pretation, prescribing recommendations, as well as
literature references about the drug—gene pair to
help guide personalized prescribing. In addition,
should a subject’s genotyping results determine

that they are at high risk of developing ADEs (such
as in the case of DPYD homozygosity), clinicians
will be directly contacted by email by the study
team. Tables 3 and 4 detail the specific chemo-
therapy dosing recommendations (supported by
and harmonized with international guidelines) that
will be delivered to clinicians in this study, based
on a patient’s DPYD and/or UGT1A1 variant allele
status.

Assessments

In addition to general demographic and clinical
data, a research database will be created, which
will record identifying information for each sub-
ject, including tumor type and stage, age, gender,
height, weight, date of sample collection, and
PGx results. Subjects’ medical records will be
reviewed by research staff on a continual basis at
8—-12week time points while enrolled, and the
database will be populated to include:

e Oncology data: Tumor type, histology,
and stage, as well as the location of metasta-
ses, if applicable, will be documented at the
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time of enrollment. In addition, anticancer
treatment details, including disease setting
and treatment modalities, will be recorded.

e Laboratory assessments: Standard labo-
ratory tests obtained as part of routine care,
including biochemistry (renal and hepatic
function) as well as complete blood count,
and tumor markers, if available, will be
documented.

e Medication list: A baseline medication list
will be created by the study team at enroll-
ment. Any additions, dose changes, drug
discontinuations with dates subsequent to
the time of enrollment will be documented.
Chemotherapy dosing, schedule (including
dose frequency), as well as dose delays, will
be recorded.

o Adverse complications and events: All
adverse events and toxicities experienced by
enrolled subjects will be recorded, with
dates, and will be updated on a continual
basis for each subject whenever they present
for medical attention. Toxicities may be
revealed by the study team’s review of the
medical record, notification of the study
team by a participating subject or their pro-
vider, or through query of an enrolled sub-
ject via surveys administered every
8-12weeks. Adverse events will be analyzed
by the study team to determine if the adverse
event in question was ‘potentially impacted’
by genetic variants that were tested.

e Oncologic outcomes: Response rate, PFS,
and OS will be tracked. To assess PFS and
response rate, the study team will review pro-
gress notes by the treatment team along with
radiologic assessments for confirmation of
disease status, tumor response, and to enable
the capture of subsequent changes in ther-
apy. Progressive disease will be defined as
provider documentation of disease progres-
sion or disease-related death. Assessment of
PFS, OS, and response rate will be per-
formed stratified by disease type as well as
treatment setting (adjuvant, metastatic, etc.),
and compared between arms and to histori-
cal controls treated per standard of care.

Treatment
Patients will be randomly allocated to the follow-
ing groups:

- PGx arm: Providers will be given access to
patient-specific information and genotypic

dosing guidance (based on patient DPYD and
UGTI1A1 variant allele status) in the form of
the EMR-integrated software tool, the GPS,
to inform initial chemotherapy dosing.

- Control arm: Initial fluoropyrimidine and
irinotecan dosing will occur as per standard of
care, and subject genotyping will be deferred (to
occur approximately 6 months after enrollment;
i.e. after the course of chemotherapy).

Endpoints

The co-primary endpoints are: (a) dose intensity
deviation rate (the proportion of patients receiving
modifications) during the first treatment cycle; and
(b) the incidence of grade 3 or higher toxicities
throughout the entire treatment course. Secondary
endpoints will include: (a) overall chemotherapy
dose intensity; and (b) progression-free survival
(plus response rate and overall survival, as availa-
ble). Exploratory endpoints will include: (a) the
impact of PGx on prescribing of additional PGx-
informed oncology related and supportive care
medications; (b) patient-reported quality of life
(QOL); and (c¢) patient understanding of PGx.

Chemotherapy dose determination

Each dose and date of chemotherapy administration
will be recorded. Standard of care dosing will be
defined by the signed chemotherapy plan, in which
the dose is specified by the University of Chicago
Chemotherapy Pharmacy Improvement Team
based on tumor-specific National Comprehensive
Care Network INCCN) guidelines. Chemotherapy
doses that deviate from this standard dosing will be
calculated and compared between patients in both
the PGx and control arms. The reasons for dose
deviation, if available, will be documented.

Chemotherapy toxicity assessment

While the subject remains enrolled, clinicians will be
asked to document toxicity occurrences, graded
according to Common Terminology Criteria for
Adverse Events (CTCAE) v5.0% in each progress
note. Only ADEs thought attributable [with attribu-
tion score of 3 (possible), 4 (probable), or 5 (defi-
nite)] to fluoropyrimidine and/or irinotecan
administration will be included in the primary end-
point analysis of the incidence of = grade 3 toxici-
ties. For subjects receiving fluoropyrimidines, the
following ADE:s will be attributed as likely related to
this agent’s administration (in the absence of another
obvious cause) and graded as per Supplemental

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

Therapeutic Advances in Medical Oncology 12

Table 1: neutropenia, diarrhea, hand-foot syndrome
and mucositis (n.b.: the latter will be excluded as a
primary fluoropyrimidine-related ADE in head and
neck cancer patients receiving concomitant radiation
therapy). For subjects receiving irinotecan, the fol-
lowing ADEs will be attributed as likely related to
this agent’s administration (in the absence of another
obvious cause) and graded as per Supplemental
Table 2: neutropenia and diarrhea. Any ambiguous
grade 3 or higher toxicity possibly related to either
agent will be adjudicated by a panel of study review-
ers who are blinded to treatment arm. Adverse
events related to other chemotherapy or anti-cancer
agents, from radiation therapy or from the underly-
ing disease process, will be recorded in the database
but will not be attributed or included in the primary
analysis. Toxicity assessments will occur weekly dur-
ing cycle 1 of chemotherapy, and on an ongoing
basis at intervals of at least every 8-12weeks while
the subject remains on study. At the end of the study,
a composite toxicity rate of = grade 3 adverse events
will be calculated for both PGx and control arms.

Longitudinal survey results

At routine clinic visits with their oncology provider,
we will assess subject views about the visit and about
any treatment decisions that were made. These
assessments will occur through the administration
of a questionnaire by research staff at or immedi-
ately after the first visit, and at an interval of at least
every 8—12weeks while the subject remains enrolled.
The questionnaires will query QOL, treatment
decision-making, patient—provider interactions, the
provider—patient relationship, and subject satisfac-
tion with care to determine if there are differences
between the two groups in these measures.>7:65-67

Standard protocol approval, registration, and
patient consent

The project was approved by both the Clinical Trials
Review Committee (CTRC) and the institutional
review board (IRB) at the University of Chicago
Medical Center as of 14 August 2020. It is registered
at ClinicalTrials.gov (#NCT04541381). Every
enrolled patient will provide written informed con-
sent. Patients may withdraw from the study at any
time without affecting their current or future care.

Duration of participant follow-up and

subject withdrawal

Enrolled subjects will be followed for the duration of
time they remain on fluoropyrimidine and/or

irinotecan therapy, and for at least 1 month following
chemotherapy completion to document treatment-
related adverse events. Efficacy endpoints beyond
this dedicated observation period will also be cap-
tured (e.g. PFS/OS). Subjects on maintenance
chemotherapy will be followed for toxicity endpoints
up to 6months. Subjects may withdraw from the
study at any time, and participation may be discon-
tinued if they are lost to follow-up, the study is termi-
nated, or the investigator feels that it is no longer in
the subject’s best interest to participate.

Statistics

Upon enrollment subjects will be randomly allo-
cated to an upfront genotyping or ‘PGx-guided’
arm versus a control arm. Timing of genotyping is
determined by randomized assignment to either
of these two groups. Randomization schema will
be stratified by cancer type (breast, GI, head and
neck), disease-specific stage, and treatment set-
ting (adjuvant vs. metastatic, including line of
metastatic therapy within this latter setting).
Given institutional cancer-type volumes and stra-
tegic enrollment plans, we anticipate that half of
all enrolled subjects will have GI malignancies,
with the rest composed of patients with breast
and head/neck malignancies. Based on prior insti-
tutional census data, we estimate that 75% of
enrolled patients will be Caucasian (European/
North American ancestry), and 25% will be of
African ancestry. The study was powered based
on the expected allele frequencies of DPYD and
UGTI1A1 variants displayed in Tables 1 and 2,
with an estimated composite prevalence of action-
able variants by ethnicity expected to be 19.2%
and 19.1% for African and European ethnicities,
respectively. For half of all subjects enrolled (i.e.
those with GI malignancies) PGx information
related to both fluoropyrimidines and irinotecan
are of interest. For the other half of the subjects
with head/neck or breast malignancies, we antici-
pate only fluoropyrimidine-related PGx informa-
tion will be clinically relevant, and dedicated
UGTI1AI testing will not be performed in these
subjects. For these subjects, the estimated preva-
lence of variant alleles was based on DPYD only
and is 4.7% and 3.2%, for European-descent and
African-descent populations, respectively. Based
on the above expected subject demographics and
our disease clinic/cancer type enrollment plans,
we estimate that for enrolled subjects of African
ancestry, 11.2% of evaluable patients will carry an
actionable variant affecting a chemotherapy of inter-
est that they will receive. For subjects of European
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Figure 3. The ‘PhOCus Trial’ group assignment and analysis plan.
Subjects will be enrolled and randomly assigned into one of two groups, a pharmacogenomic (PGx)-guided arm or a control arm. Enrollment will occur
in two stages. Randomization will be stratified by tumor type and stage throughout enrollment. In the first stage, patients will be randomly assigned

in a 3:1 ratio into PGx and control arms, respectively, for evaluation of the first co-primary endpoint, the dose intensity deviation rate Pdev (defined

as the proportion of patients receiving cycle 1 dose modifications). Once the study reaches a total sample size of 160 evaluable subjects (120 in PGx
arm, 40 in control arm), the study will continue onto the second stage, in which the randomization ratio between PGx and control arms becomes 1.8:1
for assessment of the second co- primary endpoint, the incidence of Grade 3 toxicities (Pt,,). The primary Pt,, analysis will be performed, comparing

toxicity rates between groups 1 and 3

ancestry, a similar estimated 11.9% of treated
patients will have an actionable variant. Thus, the
study is conservatively powered for an approxi-
mate 10% actionable variant allele prevalence
across all enrolled subjects.

In the first stage of the study, enrolled patients will
be randomly assigned to PGx versus control arms
in a 3:1 ratio to enrich the PGx arm for analysis of
co-primary endpoint 1 (Figure 3). For co-primary
endpoint 1, the dose intensity deviation rate (P.,)
(defined as the proportion of patients receiving
cycle 1 dose modifications) will be measured for
both arms. We assume dose intensity deviation
rates of 10% in the control arm due to other clini-
cal factors (e.g. fragility, performance status), an
estimate based on historical evidence.%%:% For the
PGx arm, we expect most clinicians proactively to
dose reduce patients carrying risk alleles; thus, we
conservatively estimate 50% dose modification
rates (i.e. 50% concordance with PGx guidance)

in individuals with at-risk variant alleles. Stage 1
randomization will be performed in a 3:1 ratio so
that analysis is powered to detect a dose deviation
difference, P,.,. Dosing deviation (P,.) will be
calculated and compared between patients with
risk alleles in the PGx arm versus all patients in
the control arm for the first cycle of chemother-
apy. As a secondary analysis, we will examine
whether clinicians’ decisions on dose modification
correlates with any of the demographic or clinical
variables of interest, including age, gender, ethnic-
ity, cancer type or stage, and at-risk allele status.

After the accrual of 160 patients (120 in the PGx
arm, 40 in the control arm; defined as the end of
stage 1), enrollment will be halted, and an interim
analysis will be performed to confirm that the
expected variant allele frequency rates have been
observed. If no meaningful difference is detected
between the observed and expected frequencies,
then the risk considerations will be deemed not to
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have changed for subsequent subjects, and the study
will proceed to enrollment of the remaining patients.

In stage 2, patients will be randomly assigned to
PGx vs. control arms in a 1.8:1 ratio, for evaluation
of the second co-primary endpoint, P, (toxicity
rate of grade 3 or higher adverse events). The sam-
ple size calculation for co-primary endpoint 2 of the
study is based on the expected incidence of grade 3
or higher toxicity rate among patients with the at-
risk allele versus wild-type (W), as established in
prior literature (P, of 70% and 30%, respec-
tively).!® The primary analysis will be performed
comparing toxicity rates between group 1 (variant
allele carriers in control arm) and group 3 (variant
allele carriers in PGx arm). Logistic regression anal-
ysis will also be performed to evaluate the associa-
tion between the incidence of adverse events with
variables of interest such as age, gender, ethnicity,
cancer type, at-risk allele status, study arm, and
chemotherapy dosing intensity (standard of care or
modified dosing). If patients are genotyped via
alternative means, or in the case that genotyping
results are not available at the time of treatment ini-
tiation, patients will be analyzed on an intent-to-
treat basis.

Secondary endpoints will be analyzed as follows:

e At the conclusion of the study, the cumulative
chemotherapy drug dose intensity (the func-
tion of dose and frequency of drug adminis-
tration) received by each subject during the
entire treatment course will be calculated.

e Response and survival assessments will be
analyzed, including response rate, PFS, and
OS. These endpoints will be analyzed by
tumor type, stage, and disease setting, and
will be compared between arms and within
each arm compared to historical controls
treated per standard of care.

Exploratory endpoints will be analyzed as follows:

e Many medications commonly utilized in
oncologic patients have well established PGx
guidance and have been included in the
GPS. Patient-specific information and dos-
ing recommendations for these medications
will be available to clinicians along with their
genotyping results through GPS access.

e Subject-reported QOL and understanding of
PGx will be captured by survey instruments
administered to subjects in both arms at
enrollment, weekly during cycle 1, and on an

ongoing basis of 8-12 week intervals while
the patient remains on study.

Potential benefit for participants

All participants will receive PGx testing that could
aid their clinicians in prescribing decisions for
chemotherapy, and other PGx informed medica-
tions. This could potentially permit the avoidance
of medications, or doses, which might be harmful
to the subject, or alternatively, it might allow the
identification of subjects as particularly likely to
benefit from a given drug or therapy.

Potential risks and burdens for participants

The primary potential risks of participation are
those associated with potential adverse outcomes to
subjects if providers make medication or chemo-
therapy dosing changes that are based on subject-
specific PGx findings that result in harm and/or
altered anti-tumor efficacy; however, anti-tumor
efficacy is thought to be preserved given prior liter-
ature demonstrating similar toxicity rates and phar-
macokinetic parameters in patients carrying variant
alleles receiving dose modifications.16:17,33,47,54,60,70

Secondly, only select variants of DPYD and
UGTI1A1 (Tables 1 and 2) for which published
studies demonstrating their PGx relevance will be
tested. Chemotherapy drug metabolism, efficacy,
and risk of toxicity may be affected by additional
genetic factors that will not be evaluated. Thus,
despite preemptive dose modifications, patients
may develop toxicities due to other factors.

Conclusion

Chemotherapies such as fluoropyrimidines and
irinotecan have well-known germline PGx associ-
ations. Preemptive genotyping offers the potential
to identify individuals at increased risk of ADEs
and improve patient outcomes. Qur project seeks
to demonstrate the potential benefit of utilizing
preemptive PGx testing to provide individualized
chemotherapy dosing. To our knowledge, this
study will be the first of its kind to implement
broad preemptive PGx information, in a prospec-
tive randomized fashion, across the oncology care
setting (that is, for multiple malignancies).
Providing this platform of integrated germline
PGx information may enable personalized chemo-
therapy dosing decisions and establish a new
model of care, incorporating comprehensive
genomic data to optimize oncology treatment
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planning. This may improve tolerability and out-
comes for cancer patients receiving commonly
prescribed chemotherapies.
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