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Introduction

In 2022, Friends of Cancer Research (Friends) led critical work in science, policy, and regulation
to catalyze meaningful improvements in oncology drug development, legislative and regulatory
policy, and patient care. Friends unites scientists, experts, advocates, and patients throughout
the year to collaboratively generate timely solutions through working groups, roundtables, and
scientific conferences.

This year, the U.S. Food and Drug Administration (FDA) released several guidance documents,
including guidance on the use of circulating tumor DNA (ctDNA), real-world data and evidence
(RWD/E), and a tissue agnostic approach to drug development in oncology, demonstrating the
importance of alignment on strategies and evidentiary needs in these areas. Several of Friends’
recently launched research partnerships enable Friends to play a leading role in this work by
generating novel data to inform solutions to current challenges. Notably, Friends’ ctMoniTR project,
which investigates the use of ctDNA as an endpoint to measure treatment response, fulfills the
evidentiary needs for using ctDNA as an early endpoint described in FDA guidance. This year,
Friends developed a roadmap to use ctDNA as an early endpoint in drug development and highlight
these efforts in our Project Spotlight (page 12), which includes the launch of a new collaborative
project comparing ctDNA baseline levels across cancer types, disease stages, and ctDNA assays.

Other research partnerships include projects that identify clinically useful endpoints in real-world
data (RWE Pilot) and harmonize complex biomarkers to optimize test reliability and accuracy (HRD
Harmonization). Outputs from these research partnerships, in addition to our working groups, round-
tables, and scientific conferences, are captured in this scientific report. The 2022 Scientific Report
contains the full text of our 2022 white papers and publications to serve as a resource for those in the
drug development and regulatory space [and can be found online using the QR code on the cover].
Our white papers and publications focused on several key themes:

© PATIENT-FOCUSED DRUG DEVELOPMENT: Ensuring patient-centered trial designs

@) REAL-WORLD EVIDENCE: Leveraging RWD to advance research

©) INNOVATIVE DRUG DEVELOPMENT: Evaluating lessons learned to inform continued progress
() COMPLEX BIOMARKERS: Generating evidence to support alignment in drug development
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Patient-Focused Drug Development

Introduction

Over the past 10 years, FDA’'s patient-focused drug
development program has increased awareness of the need
to incorporate the patient voice into drug development and
clinical trial designs. One way of doing so is through the
collection of patient experience data, including patient
reported outcomes (PROs), which are data collected directly
from the patient about their experience with their disease
and treatment. In 2015, Friends convened stakeholders
to discuss the need for alignment and use of tools to
collect PROs and identified the National Cancer Institute
(NCI)’s PROs Version of the Common Terminology Criteria
for Adverse Events (PRO-CTCAE) symptom library as
a resource to collect symptomatic side effects. Then, in
2018, Friends gathered key stakeholders to develop a
more holistic definition of tolerability that incorporates
the patient experience by collecting PROs. At the Friends’
2022 Annual Meeting, discussions highlighted the need
for including PROs in early phase studies to understand
tolerability and inform dosage selection. Future work will focus
on opportunities for implementing and interpreting PRO data
in early phase clinical trials to inform dosage selection.

In addition to PROs, consistent identification, characterization,
and reporting of clinically relevant toxicities contribute to
a comprehensive understanding of a therapy’s risk/benefit
profile. Greater availability and use of immuno-oncology
therapies has helped identify unique toxicities associated
with their use such as cytokine release syndrome (CRS).
In 2022, Friends proposed several evidence-based
strategies for capturing and reporting CRS and associated
adverse events (AEs) which will support more consistent
identification, monitoring, and management of CRS and
enable accurate comparisons of these toxicities across
therapies.

172% growth
in cancer cell
immunotherapy
research and
development from
2019 — 2022.
Therefore, it

is important to
enhance safety
data collection
for optimal
patient care and
outcomes.

Cytokine Release
Syndrome
is the most
common toxicity
associated with
use of CAR T-cell
therapies with
an incidence
ranging between

17%-94%

of patients.
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>061%

of novel oncology
drugs approved
since 2013 were
for patients
with metastatic
disease who had
received prior
therapy.

Another area focused on moving therapies into earlier lines of
treatment. Traditionally, oncology therapeutics are investigated and
approved in late line metastatic settings, however, moving treatments
into earlier lines of therapy earlier in clinical development would allow
for more patients to be treated and at a time when cancer outcomes
are better. As such, FDA established Project FrontRunner, which
proposes opportunities for studying therapies in early metastatic
settings. At the Friends’ Annual Meeting in 2022, Friends convened
key stakeholders to identify opportunities and challenges related to
Project FrontRunner.

2022 GUIDANCE RELEASED BY FDA RELATED TO PATIENT-FOCUSED
DRUG DEVELOPMENT

e Patient-Focused Drug Development: Selecting, Developing, or
Modifying Fit-for-Purpose Clinical Outcome Assessments, Draft
Guidance, June 2022

e Characterizing, Collecting, & Reporting Immune-Mediated
Adverse Reactions in Cancer Immunotherapeutic Clinical Trials,
Draft Guidance, October 2022

e Diversity Plans to Improve Enrollment of Participants from
Underrepresented Racial and Ethnic Populations in Clinical Trials,
Draft Guidance, April 2022

Real-World Evidence

Randomized controlled trials (RCTs) are the gold standard for generating
data and evaluating the safety and efficacy of medical products.
However, in certain disease settings or populations, performing a
RCT may not be feasible or ethical. Real-world data (RWD) provides
one opportunity to supplement clinical trial data to support clinical
development programs and inform the safety and efficacy of a product.
Additionally, as clinical trials often enroll a well-defined and more
narrow patient population than the patients who will likely receive

FRIENDS OF CANCER RESEARCH



Types of Study Designs for Screening Tests and Incorporation of Real-World Data (RWD)

Observational Studies
Study design does not specify screening exposure or
require specified intervention. Individuals are select-

Experimental Studies
Study design specifies screening exposure
or intervention in an intended use

population. ed and monitored
" Randomized Non-Randomized Cross-Sectional Case-Control Cohort
z| Controlled Trials Controlled Trials Study Study Study
° Individuals Individuals Screened Endpoints of cases Screened
a screened are screened are individuals have are compared to individuals are
a randomly not randomly endpoint and test controls regarding followed to
E allocated and allocated and result assessed prior screening ascertain
2 endpoints are endpoints are at a point exposure. endpoints.
() measured. measured. in time.
[}
2 RWD to Determine Patient Eligibility RWD as External Control Arm
5 and Outcomes RWD Case-Control Study
g Linking RWD to Study Cohort RWD Cohort Study
=)

the product in the real world, RWD can generate additional evidence that reflects a larger and more
diverse patient population than is included in clinical trials.

In 2022, Friends shared the findings from a multi-stakeholder collaborative initiative to identify
opportunities and highlight key considerations for use of RWD to generate supplemental evidence
for regulatory decision-making for multi-cancer early detection (MCED) screening tests. MCED
screening tests hold promise in detecting cancer-associated signals at early stages of cancer,
including for cancers without standard of care screening modalities. Another opportunity for use of
RWD to augment RCTs explored by Friends was the use of external control arms (ECAs). Friends
worked in a multi-stakeholder group to publish a manuscript highlighting the feasibility of using an
ECA, generated from patient-level data from previously conducted clinical trials or RWD, to mirror
the overall survival results from a randomized control in the same indication. Our work supports
the thoughtful and robust use of RWD to generate clinically meaningful evidence to support the
evaluation of novel therapies and tests for patients with cancer.

2022 GUIDANCE RELEASED BY FDA RELATED TO REAL-WORLD EVIDENCE

e Submitting Documents Using Real-World Data and Real-World Evidence to FDA for Drug and
Biological Products, Final Guidance, September 2022
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In 2022,
FDA approved

12

novel drugs
for treatment of

10 different cancers.

>5(0%

(6/12) of novel
oncology
drugs approved
in 2022 were
first-in-class
drugs.

Innovative Drug Development

As innovation in oncology drug development continues, opportunities
to get safe and effective treatments to patients efficiently requires
thoughtful approaches to clinical trial design. In 2022, Friends
shared findings from multiple collaborative initiatives focused
on how regulatory flexibilities and policy changes could improve
clinical trial designs and expand patient access.

Friends conducted several analyses to evaluate how
policy changes over the past decade shaped the current
landscape of oncology clinical trials, therapies, and drug
development paradigms, while identifying further opportunities for
advancements. For the 10-year anniversary of the Breakthrough
Therapy Designation (BTD), Friends demonstrated that
products with BTD improved outcomes for patients with cancer
and identified an opportunity to establish a timely process for
initiating coverage and reimbursement decision-making. In
2022, Friends also assessed how the Research to Accelerate
Cures and Equity (RACE) Act has impacted the investigation
of therapies in pediatric patients one-year post-implemen-
tation and found an increase in approved cancer therapeu-
tics that require pediatric investigation. These assessments
demonstrate the value of new legislation in improving patient
access to innovative treatments.

As innovative drugs are developed, regulatory flexibility
and novel approaches to clinical trial design are critical.
The COVID-19 pandemic allowed for greater flexibility of
clinical trial designs, and Friends established a project with
the American Society of Clinical Oncology (ASCO) and a task
force of thought leaders to characterize the flexibilities that
clinical trial sponsors incorporated during the pandemic to
work towards determining whether these changes impacted
data integrity. The hope is that the findings from this project
will support an understanding of which flexibilities are most
important to carry forward.

FRIENDS OF CANCER RESEARCH
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31% vs. 15%

BTD Drugs Non-BTD Drugs

Improvement in overall survival (OS)
over standard of care

2 years prior to 2 years after
the RACE Act, the RACE Act,

02 907%

of cancer of cancer

drugs drugs

were required were required
to conduct to conduct
pediatric studies. pediatric studies.

2022 GUIDANCE RELEASED BY FDA RELATED TO INNOVATIVE DRUG DEVELOPMENT

e Considerations for Rescinding a Breakthrough Therapy Designation, Draft Guidance, June 2022

e Ethical Considerations for Clinical Investigations of Medical Products Involving Children, Draft
Guidance, September 2022

e Human Gene Therapy Products Incorporating Human Genome Editing, Draft Guidance, March 2022




Complex Biomarkers

Innovative drug development has led to the advent of targeted therapies, which work most
effectively when the patient’s tumor has a specific biomarker present. Biomarkers can also be used
to understand how a tumor responds to treatment over time. To identify biomarkers, doctors use
diagnostic tests, which may have variable test performance and discordance results from test to test
due to fragmented regulatory oversight system.

Homologous recombination deficiency (HRD) is a biomarker used to identify patients with certain
cancers who would benefit from certain treatments. The Friends’ HRD Harmonization Project kicked
off in 2022 with a goal of examining sources of variability across HRD tests and identifying opportunities
for alignment while proposing solutions to improve agreement in the future. Friends published a
landscape assessment of HRD tests, then used that foundation to build a project focused on assay
alignment with over 20 diagnostic developers and other key stakeholders. Initial findings from the
project were presented at the Association for Molecular Pathology conference in November 2022.
Additional results are forthcoming in 2023.

Circulating tumor DNA (ctDNA) is fragments of DNA shed from cancer cells, found in the blood-
stream, and collected using a blood draw. Emerging science demonstrates ctDNA may be useful
for diagnosing and tracking a patient’s cancer. However, before ctDNA measurement is used in
clinical practice and for regulatory decisions, additional evidence needs to be generated. The ctDNA
for Monitoring Treatment Response (ctMoniTR) Project is a meta-analysis to understand whether
changes in ctDNA are predictive of outcomes. Findings from Step 1 of ctMoniTR were published
in 2022 and Friends brought together key stakeholders to align on a roadmap to identify key data
necessary to support the use of ctDNA as an early endpoint in clinical trials.

FRIENDS OF CANCER RESEARCH




Friends brought together key stakeholders to perform a landscape assessment of homologous recombination
deficiency (HRD) and its use as a biomarker in cancer. A key output was clarifying the approach to defining HRD.
Diagnostics developers identify causes and consequences of HRD by analyzing genetic material (i.e., DNA, RNA).

Causes

Inactivation of genes in the
HRR pathway

e.g., BRCAI, BRCA2, CHEK], CHEK2, PALB2, RAD5SIB

Homologous

Recombination
Deficiency

Consequences
Genomic instability

e.g, loss of heterozygosity (gLOH) telomeric allelic
imbalances (TAI) large-scale transitions (LST)

2022 GUIDANCE RELEASED BY FDA RELATED TO COMPLEX BIOMARKERS

e Tissue Agnostic Drug Development in Oncology, Draft Guidance, October 2022
e Use of Circulating Tumor DNA for Early-Stage Solid Tumor Drug Development, Draft Guidance,
May 2022
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Project Spotlight: ctDNA Portfolio Development and Milestones

Godal

ctDNA holds promise for measuring treatment efficacy in clinical trials. Friends of Cancer Research
(Friends) is working to establish an aligned strategy for developing the necessary data to support
the use of ctDNA as an early endpoint for treatment response for regulatory decsion-making
and leading a multi-stakeholder group to generate this data. Validating the use of ctDNA as an
endpoint will accelerate research by enabling rapid identification of effective new cancer therapies and
ultimately allow them to reach patients sooner.

Background

The introduction of novel therapeutics, especially targeted therapies, has changed the paradigm
for treating solid tumors. While these new therapies provide increased clinical benefit for patients,
the concomitant increase in survival time creates a unique challenge in the expedient evaluation of
new therapies. Traditional clinical trial designs using long-term clinical outcome endpoints such as
progression-free survival (PFS) or overall survival (OS) may not allow for an efficacy determination in
a timely manner. The use of ctDNA levels as an early endpoint represents an emerging opportunity to
assess efficacy earlier. However, it is critical to obtain robust data to fully qualify and validate ctDNA
as an early endpoint for long-term clinical outcomes in solid tumors.

Approach
Establishing the necessary evidence to support the use of ctDNA as an early endpoint requires a
multiprong approach:

e CTDNA EVIDENTIARY ROADMAP: In 2022, Friends coordinated a group of stakeholders to
develop an aligned strategy for generating data and evidence. Findings demonstrate there are
multiple technical and clinical characteristics contributing to variability in ctDNA measurements
that should be adequately accounted for when conducting validation studies.

e THE CTDNA TO MONITOR TREATMENT RESPONSE (CTMONITR) PROJECT: This first of its kind
partnership seeks to answer the important question: Do changes in ctDNA reflect response
to treatment? Step 1 of the project kicked off in early 2019 and included data from 5 clinical
trials representing 200 patients with advanced non-small cell lung cancer treated with PD(L)-1
inhibitors. Friends worked with stakeholders to establish and implement an analysis approach
conducted by Cancer Research And Biostatistics (CRAB). Findings from the study published in the
summer of 2022 demonstrate that changes in ctDNA levels associate with treatment outcomes:
increases in ctDNA levels associate with poor outcomes while decreases in ctDNA associate with
better outcomes. Step 1 showed that harmonizing data across trials with different assays and time
points is feasible and set the stage for the ongoing Step 2 project, which expands the approach to
rather than into more patients, trials, additional cancer types, and treatments.

FRIENDS OF CANCER RESEARCH




e BASELINE CTDNA LEVELS PROJECT: Findings from the ctDNA Evidentiary Roadmap highlight a
need to evaluate the landscape of ctDNA detection in different cancer types and stages to provide
insights into the extent to which findings can be generalized across early- and late-stage cancer
settings, as well as across assay technologies. Through a collaborative effort involving multiple
diagnostic developers, Friends seeks to establish evidence regarding baseline (i.e., pre-treatment)
sensitivity metrics for ctDNA detection across cancer types, stages, and assays. This greater under-
standing of the biological landscape of baseline ctDNA levels will help inform a conceptual framework
for the use of ctDNA as an early endpoint predictive of long-term outcomes.

Findings from our continued work in this space will be consolidated and presented in public meetings
and peer-reviewed literature in the future. Our hope is that ctDNA will ultimately be used to support
regulatory decisions to provide safe and effective treatments to patients faster.

ctMoniTR ctMoniTR
Step 1 Step 2
Research Expanded research
partnership with partnerhship
5 NSCLC trials with >20 trials
(200 pts) (>3000 pts)

Baseline
ctDNA
Research partnership
determining
baseline
ctDNA levels

Evidentiary
Roadmap
Roadmap of
evidence to

support regulatory
use of ctDNA

2018-2021

FALL 2018
CtDNA for monitoring
treatment response
discussed during the
Friends” Annual Meeting.

SPRING 2022
Step 2 datasets finalized
and include over 3000
patients from more than
20 clinical trials.

WINTER 2023
Planned analysis and
submission of initial
Step 2 findings for
presentation in Q2.

SPRING 2019
CtMoniTR Step Tinitiated
to align on datasets and

select an independent
analysis center.

SPRING 2022
Friends hosted roundtables to
discuss evidentiary needs to
support the regulatory use of
CtDNA as an early endpoint.

2023 AND BEYOND
Complete analyses from
Step 2. Present finalized results
at meetings and publish
manuscripts.

o
<
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SUMMER 2020 E SUMMER 2022 S 2023 AND BEYOND
Step 1findings present- o Public meeting held to present = Identify opportunities to
ed presented showing S findings from the evidentiary s incorporate analyses
decreases in ctDNA are °‘ roadmap. = developed through ctMoinTR
strongly associated with in additional prospective
better clinical outcomes SUMMER 2022 studies.
in5 cllnlc_ol trials of 200 Findings from Step 1
patients with NSCLC treat- published in JCO Precision 2 2023 AND BEYOND
ed with immunotherapy. Oncology. o Perform meta-analysis of
3 baseline ctDNA levels and
o~ SPRING 2021 FALL 2022 aid the use of ctDNA as an
=] ctMoniTR Step 2 launched Baseline ctDNA Project endpoint in different
@ with a goal of developing initiated to describe baseline cancer types.
and analyzing a CtDNA levels across cancer

larger dataset. types, stages, and assays.
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A FRIENDS OF CANCER RESEARCH WHITE PAPER

Supporting a Patient-Centric Approach
to Dose Optimization in Oncology:
The Essential Role of Patient-Reported
Outcomes (PROSs)

FRIENDS OF CANCER RESEARCH ANNUAL MEETING 2022

Introduction

Patient experience data (PED) in the context of drug regulation is a growing part of the totality of
evidence to understand the safety and efficacy of a cancer therapeutic. PED intends to provide
information about patients’ experiences with a disease or condition.! One type of PED, patient-
reported outcomes (PROs), is a clinical outcome assessment based on information directly
reported by the patient about the status of their own health condition. Patients are uniquely
positioned to report their own quality of life, symptoms, and function, and several studies support
that patients are a highly reliable reporting source of such information that adds value to the
traditional clinician assessment.2 For example, clinicians, including oncologists, may overestimate
functional status and underestimate patient symptoms, supporting the clinical and scientific
value of PROs for quantifying symptomatic adverse events (AEs) with the greatest impact on
patient health-related quality of life while on the therapy.3

Recent US Food and Drug Administration (FDA) draft guidance highlights the need for benefit-

risk planning when developing new oncology drug and biologic products, including collecting
appropriate data to inform the dose exposure response for efficacy and safety/tolerability.4
Oncology clinical trials commonly consider clinician-reported safety data, dose modifications,
dose discontinuations, and severe AEs including hospitalizations to determine tolerability. In

2018, Friends of Cancer Research (Friends) gathered key stakeholders to develop a new working
definition of treatment tolerability that incorporates the patient experience by collecting rigorously
developed PRO data to inform symptomatic toxicity and functional information.® The group
aligned on the position that a complete understanding of tolerability should include direct patient
measurement on how they are feeling and functioning while on treatment. Integrating PROs

early in drug development, alongside traditional measures, can support a more comprehensive
understanding of the benefits and risks of a therapeutic, including the perception of the patient
on the tolerability of the therapy and their ability or desire to adhere to the dose or intensity of
therapy for prolonged periods. This can add unique data to inform dose optimization, or dose
range, for new oncology drugs.

FRIENDS OF CANCER RESEARCH




Thank You to Our Contributors

Vishal Bhatnagar, MD, FDA
Corina Dutcus, MD, Eisai Inc.
Serban Ghiorghiu, MD, AstraZeneca
Paul Kluetz, MD, FDA
Lee Jones, MBA, Patient Advocate
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Daniel O’'Connor, MBChB, PhD, Medicines and Healthcare products
Regulatory Agency (MHRA)
Devin Peipert, PhD, Northwestern University Feinberg School of Medicine
Ashley F. Slagle, MS, PhD, Aspen Consulting, LLC
Hillary Stires, PhD, Friends of Cancer Research

Peter C. Trask, PhD, MPH, Genentech
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To adequately implement this expanded definition of tolerability, drug sponsors need to select
and deploy fit-for-purpose PROs using well-defined and reliable tools at an assessment
frequency appropriate for the drug.6 Several symptom libraries are available, and one tool
developed specifically to capture symptomatic side effects is the National Cancer Institute
(NCI)'s Patient-Reported Outcomes Version of the Common Terminology Criteria for Adverse
Events (PRO-CTCAE) symptom library.” Friends identified this tool in 2015 as a potential resource,
and many of the earlier operational challenges delaying its commercial use have been
addressed since then. The PRO-CTCAE can be used across various trial contexts in multinational
settings to provide patient-reported symptomatic toxicity information that complements
standard clinician-reported CTCAE safety data. In addition to individual symptom data,
tolerability can be informed by other widely available PRO measurement systems to evaluate
side effect impacts including patient-reported overall side effect bother, physical function, and
ability to work and carry out leisure activities. Physical function can be measured in a variety

of ways, including using the Patient-Reported Outcomes Measurement Information System
(PROMIS)® physical function item bank or the functional scales from the European Organization
for the Research and Treatment of Cancer item library (EORTC QLQ-F17).

While PRO use is common in randomized registrational trials, PRO collection in early phase trials
is rare.8-12 There is increasing interest across stakeholders involved in early phase cancer trials
in using PRO data as valuable complementary information to inform tolerability and later phase
trial design.!3 FDA has emphasized the need to collect PROs in cancer clinical trials by offering
suggestions for core PROs and how to measure them in draft guidance.6 Regulatory authorities
in other jurisdictions are also placing increasing emphasis on the collection of PRO data in a
variety of settings.'4 While there are limited examples of use of PROs in dose finding trials, there
is interest in identifying feasible approaches for the collection and use of these data in early
phase clinical trials, particularly to inform dose selection.615

FDA announced Project Optimus in 2021, which seeks to place a greater emphasis on dose
optimization and dose selection in early phases of oncology drug development towards doses
that maximize the efficacy, safety, and tolerability of a drug.1® Considering the expanded
definition of tolerability for all therapies, current paradigms that focus on identifying the
maximum tolerated dose (MTD) are not appropriate with newer targeted therapies that

show relevant efficacy across a range of doses, allowing for better tolerability and potential
adherence at doses lower than the MTD. PROs should be included in early phase studies to
provide a foundational understanding of short- and longer-term symptom and functional
impacts to optimize dosing and facilitate more informed development in later phases. Better
understanding of the tolerability of different doses throughout early drug development could
inform selection of a dose or doses for approval that patients are more likely to be able to
take following approval. Collection of PROs for dose optimization encompasses both the first in
human Dose Escalation trials, as well as the Dose-Expansion trials.”

Friends convened industry, academic, regulatory, and patient advocate representatives to
discuss opportunities and challenges for using PROs in early phase clinical trials, specifically
focused on measuring tolerability to inform dosage optimization. Open questions regarding PRO
inclusion in early phase trials include feasibility, trial design, impacts of sample size, optimal PRO

FRIENDS OF CANCER RESEARCH




selection, and PROs influencing results (e.g., over/under reporting clinician AEs).3 Including PRO
assessment in early phase trials requires careful thought and consideration to fully realize the
value of symptom and functional data while overcoming operational challenges.

To identify opportunities, challenges, and solutions for using PROs to inform dose optimization in
cancer clinical trials, the working group focused on the following objectives:

+ Highlight ways PROs can characterize tolerability and support dosage optimization

+ Provide a clinical trial design framework for incorporating PROs into dosage optimization
studies

« Discuss opportunities for using PRO findings from early phase studies to inform later phase
study designs and to complement traditional safety data for regulatory decision-making

Using PROs to Complement Commonly Collected Data to Inform Dose
Selection

Using PROs to Complement Commonly Collected Data to Informn Dose Selection

PROs provide unique information characterizing specific symptoms, overall side effect burden,
and their impact on a patient’s ability to function. The systematic nature of PRO collection
informs onset, duration, severity, and resolution of side effects and their impacts. Many oncology
drugs require long-term administration of therapy to maintain tumor response and control. As
such, the tolerability of the drug may shift as patients transition from the immediate to the long-
term phase of treatment. For example, even lower grade (Grades 1 and 2) symptomatic AEs may
become more burdensome than infrequent Grade 3 toxicity, especially when multiple prolonged
lower grade symptomatic toxicities are experienced simultaneously.> While standard clinician-
reported AE data provide a rate of worst grade AEs experienced at any time during the clinical
trial to characterize tolerability, additional granularity about the severity, frequency, duration,
and impacts of side effects can be elucidated from PROs.

Figure 1 highlights an example of how systematically captured PRO data assessing symptoms
and functional impacts can complement clinician reporting. In this example, clinician-reported
Grade 1-2 diarrhea is considered “low grade,” which can minimize the patient’s perceived
impact of the symptom and may not be considered when defining safety and tolerability of a
product in a clinical trial. For diarrheq, the clinician report for lower grade AEs may obscure a
wider range of symptom severity and impact on function, which is true of other symptomatic
toxicities (e.g. visual, cutaneous, and mucosal side effects). The PRO-CTCAE data of the patient
report of diarrhea can provide additional insight, which can be further expanded by assessing
how bothered the patient is by side effects overall using an item such as the Functional
Assessment of Cancer Therapy (FACT) GP5 item (“I am bothered by side effects of treatment”)
and by how they report their physical function and ability to work and perform leisure activities
using patient-reported functional assessments. Studies have shown that patients with more
frequent diarrhea also have worse physical function, which is seen consistently at time intervals
over the course of treatment.’8 The additional, longitudinal information provided by PROs can

R
>
=
m
4
-
1
-
o
(2}
c
(2]
m
O
O
A
(=
@
O
m
<
m
-
o
v
<
m
4
5%
m
z
(]
(=
2
<
@
v
>
=
m
z
-
1
(2}
m
4
-
]
A
m
O
-
)
>
-
O
m
2
@
z
(]




add granularity and trajectory for the individual symptom as well as potential impacts to
how bothered patients are, their function, and medication adherence.!® This information is not

discernable by clinician report alone, particularly for Grade 1-2 clinician AEs.

Figure 1: Example of clinician-reported data and patient-reported data. Patient-reported
data can add information to expand on lower grade clinician rated CTCAE side effects (ie.
Grade 1-3). For instance, a CTCAE grade 2 diarrhea event could be considered by a patient

as almost constant diarrhea that results in high side effect bother and adverse impacts on
physical function and role function (i.e., ability to work or carry out leisure activities).

Clinician Report Patient Report
CTCAE PRO-CTCAE
In the last 7 days, how OFTEN did you have
Increase of <4 stools per day LOOSE OR WATERY STOOLS (diarrhea)?
over baseline
‘ O Never
Increase of 4-6 stools per day [ O Rarely

over baseline; IV fluids

el O Occasionall
indicated <24 hours ‘ y

‘ O Frequently

Increase of >7 stools per day
over baseline; incontinence; IV
fluids 2 24 hours; hospitalization FACT GP5

| O Almost Constantly

I am bothered by side effects of treatment.
Life-threatening consequences
(e.g., hemodynamic collapse) ‘ oo ‘ ‘ al | \ 02 H 03 | | 04 ‘

‘ Notatall Very much ‘
WELL DEFINED FUNCTIONAL SCALE*

Physical and Role Function Assessment

Death

*Two examples of well-defined PRO scales for physical and/or role function are available from EORTC and
PROMIS® measurement systems.

In addition to providing data on outcomes not currently assessed (i.e,, side effect bother and
functional outcomes), the frequency and systematic assessment of PRO data can reveal
smaller but potentially important differences in a symptomatic side effect. Several studies note
patients report a higher incidence and severity of symptomatic side effects than clinicians’
CTCAE evaluation.32021 The added ability for PROs to inform safety and tolerability is most clear
for unobservable symptoms such as neuropathy, headache, pruritis, nauseq, and constipation,
where assessments most differ when a patient reports their experience compared with their
provider.22 Additionally, providers measure side effects only during clinic visits, which may lead
a patient to provide an assessment that does not represent their full experience of side effect
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intensity over the course of the 3-4 week cycle (Figure 2).23 This is particularly problematic for
intermittently administered therapies, like chemotherapies administered once every 3 weeks,

where maximal side effect intensity typically occurs between clinic visits. In these situations,

an investigational oral drug administered daily may appear to be tolerated worse than a once
every 3 week chemotherapy if assessments are being performed only once per cycle/ office visit

where chemotherapy side effects have begun to resolve. More frequent systematic assessment
can be valuable for exposure-response analyses related to a cardinal toxicity, and this added
power becomes particularly important with the smaller cohorts evaluated in Dose Escalation
trials.

Figure 2: Frequency of PRO assessments. PRO symptom data provides more consistent
data capture by asking the same question with categorical response options at a higher

frequency. This data source can add power to exposure-response analyses during Dose
Escalation study. High frequency PRO assessment can be reduced later in trial by asking a
comprehensive PRO assessment at several longer-term cross-sectional time points (e.g., 1 year,
2 year, etc.). Adapted from figure courtesy of Zirkelbach, Bhatnagar, and Kluetz.

PELPRRRRVREE LT

&) C4 €5 Remainder of Trial*
| [ | |

Baseline Week 3 Week 6 Week 9 Week 12 Week 15 Week 18 Week 21 Week 24
* Can decrease PROs frequency in remainder of trial to reduce patient burden

| Clinician Report (CTCAE) - | High frequency PRO assessments for first 6 months
+ | PRO assessments are more systematic - same questions
1 Patient Report (PROS) and categorical responses

A Framework to Incorporate PROs into Dose Optimization Studies

PRO data should be collected with approaches that reduce bias, with well-defined and reliable
measures, and in ways that the results can be easily interpreted to complement findings from
clinician-reported outcomes. FDA’s draft guidance recommends collecting and analyzing five
core PROs: disease-related symptoms, symptomatic adverse events, overall side effect impact
summary measure, physical function, and role function.t Because there are differing expected
toxicities across therapeutic drug classes, individualized symptom item lists should be selected
from an item library rather than using an off-the-shelf static questionnaire. For example, NCI's
PRO-CTCAE is a robust item library that contains pertinent patient-reported symptoms. Other itel
libraries exist including both the EORTC item library and Functional Assessment of Chronic lliness
Therapy (FACIT) item library.2425 Single item and summary measures such as overall side effect
burden (e.g., FACT GP5) can complement patient-reported symptomatic AEs and
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have the advantage of capturing the impact of multiple different toxicities in a single score
comparable across groups of patients and different treatments. Functional impacts can be
assessed by EORTC or PROMIS®.26

Dose Escalation Trials

Identification of an appropriate dose starts with first in human trials, often called Dose
Escalation trials. PROs should be incorporated into Dose Escalation trials to gather a holistic
understanding of the patient’s toxicity profile. Dose Escalation trials often include a single agent,
allowing for analysis of the PROs from the effect of the new agent, rather than impacts from
combination therapies in later trials impacting interpretation. Descriptive trends in the severity
and duration of symptomatic AEs should be evaluated among patients in these trials to help
sponsors understand whether symptomatic toxicities increase with increased doses, new
symptoms emerge at higher doses, or if the frequency of lower grade symptoms increases. This
information can be used to inform the Dose Expansion study, including the potential of moving
forward with a recommended dosage range.

Given sample size is lowest in Dose Escalation trials, high frequency systematic assessment of
PRO symptom data can add power to pharmacokinetic exposure-response analyses conducted
during dose-escalation. In addition, comprehensive knowledge of the patient population can
clarify which PROs support an understanding of the impacts of the treatment to inform later
phase PRO selection. Because many of the patients have disease that is refractory, baseline
PROs should be taken before treatment initiation to normalize for symptoms of disease or side
effects from prior treatments. Selecting a series of PROs related to expected AEs when there are
fewer patients included in Dose Escalation studies can help narrow in on key PROs to measure in
subsequent studies.

When selecting PROs for Dose Escalation studies, sponsors should consider data from pre-
clinical studies, as well as side effect evidence from other drugs in the same drug class when
available. A free text PRO item could be included in Dose Escalation trials when the potential
treatment related symptoms are not fully known and can inform which PROs to include in
subsequent trials. A single item side effect impact question like FACT GP5 can add additional
information with little additional patient burden. While some of these measures, including overall
side effect burden, function, and key expected symptomatic AEs, should be measured in all
patients, trial designs that adapt PRO measures in later cohorts based on symptoms identified
in early cohorts could be considered.

Dose Expansion Studies

The Dose Expansion study has historically focused on whether the efficacy signal warrants an
additional study by using a single-arm trial with a single dose (often the MTD).?7 It is increasingly
important to use Dose Expansion trials to optimize the dose, ideally by conducting a randomized
evaluation of two or more doses. These early randomized evaluations of dose would not need

to strongly control Type 1 error, but rather be sufficiently sized to make assessments regarding
the activity/efficacy, safety, and tolerability of the different doses.”7.28 Inclusion of PROs would

be instrumental in the assessment of tolerability and describing differences in tolerability
among the candidate doses. To support dosing decisions in these studies, PRO data including
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descriptive trends in severity and duration of symptomatic side effects should be evaluated.
Systematic high frequency PRO data adds unique clinical outcome data and additional
evidence to describe differences in candidate doses being compared.

Sponsors should be thoughtful when designing Dose Expansion studies and consider

PRO question selection that ensures relevance and minimizes duplication. It is generally
recommended to focus on relevant treatment-related symptoms. The core outcomes
recommended by FDA, including symptoms, overall side effect impact, and physical and role
function, should be assessed with available tools in 30 or less questions, and ideally patients
should not spend significant time to complete PROs at each assessment (e.g., no more than
10 minutes per assessment timepoint).29 Sponsors should consider including a free text item
in Dose Expansion studies to allow additional patient feedback on side effects and support
an understanding of optimal PRO selection for subsequent trials.30 Per FDA draft guidance,
assessments made more frequently in the first few treatment cycles would be suitable across
most drug development programs but this should be tailored to the treatment schedule.b It is
recommended to consult with appropriate regulatory authorities early for advice on the PRO
strategy including assessment frequency for a specific drug development context.

Additional Considerations for Early Phase Dose Optimization Studies

The patient population and the treatment regimen should be considered when deciding about
PRO inclusion in Dose Escalation and Dose Expansion studies. In situations when a randomized

approach will not be used but safety and tolerability remain important objectives (e.g., a Dose

Escalation or Dose Expansion Trial), PROs should be thoughtfully included.3!

An important trial design decision will be whether to allow clinicians access to PRO data

during the trial. While use of PROs to inform clinical care is an active area of research, their
incorporation into clinical workflow is challenging and there is no regulatory requirement that
PRO data be reviewed during the trial to inform patient care. Therefore, PROs collected during
dose optimization studies as part of the study protocol to inform trial results may not be shared
with the trial clinician in real-time to impact care. This should be clearly explained to patients
and strategies should be identified to share study-level PRO data with the community once the
trial is complete. In addition, there is no requirement to compare clinician and patient reports
for the same or similar side effect. Patient-reported symptom data is assessed and quantified
differently than CTCAE data, and differences are expected between patient and clinician report.
These and other regulatory considerations for use of PROs to inform tolerability have been
previously described.32 Currently, Project Patient Voice has focused on presenting data from
registrational trials comparing two trial arms, but analysis and visualization techniques from
the approach provide suggestions of how to do so for dose optimization studies and other trial
designs to provide patients and providers with information about tolerability of different doses.33
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Conclusions

PROs should be included in early phase clinical trials to better understand tolerability and to
inform dose selection for future clinical trials and clinical use as well as aiding with the selection
of most appropriate PRO instruments for the late phase trials with registration intent. The use of
PROs in Dose Escalation and Dose Expansion studies is a newer concept and sponsors should
continue to refine approaches for incorporating PROs as methodologies and analyses are
improved over time. It will be critical to educate stakeholders about the value of and approach
to including PROs. Additionally, careful consideration should be given to which PROs to include
based on tumor type, stage of disease, evidence from similar treatments, previously collected
data, and trial goals.

While major progress over the last decade has provided the necessary tools to measure

PROs in clinical trials, there are still some limitations to using PRO data in clinical trials. For
instance, many clinical trials are multinational, and it is critical to ensure culturally validated
translations are available. This may not be a significant challenge given many early phase
trials are conducted in the US and almost all widely used PRO measures have English and
Spanish translations. Additionally, item libraries are being iteratively improved and may not
include or have optimized all novel symptomatic side effects of interest. For instance, some of
the side effects included in the PRO-CTCAE do not have measures for more than one attribute
(i.e., severity, frequency, and interference), and the PRO-CTCAE does not include an overall side
effect bother item. This makes it likely that multiple PRO measurement systems may need to be
deployed within a single trial.

PRO results should be considered in the context of other data to establish a totality of evidence
alongside clinician reports of safety and efficacy, pharmacokinetics, pharmacodynamics, and
biomarker studies. PROs can be of particular value as a high-quality data stream to support
exposure response relationships in dose optimization decision-making. It is acknowledged that
addition of PROs in early drug development is new and will add some cost to early development.
However, PRO data are uniquely positioned to add value to the characterization of tolerability
which is a critical study objective in dose escalation and optimization. Additional information to
better optimize dose may lead to a more tolerable marketed drug with an optimum benefit-risk
profile, with better patient-reported information on side effects and positive impacts that can
have advantages in adherence and provide important information for decision making by the
patient and treating clinician.
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As cancer immunotherapies continue to expand across all areas of oncology, it is imperative to establish a
standardized approach for defining and capturing clinically important toxicities, such as cytokine release
syndrome (CRS). In this paper, we provide considerations for categorizing the variety of adverse events that
may accompany CRS and for recognizing that presentations of CRS may differ among various immunothera-
pies (e.g., monoclonal antibodies, CAR T cell therapies and T cell engagers, which can include bispecific anti-
bodies and other constructs). The goals of this paper are to ensure accurate and consistent identification of
CRS in patients receiving immunotherapies in clinical studies to aid in reporting; enable more precise evalua-
tion of the therapeutic risk—benefit profile and cross-study analyses; support evidence-based monitoring
and management of important toxicities related to cancer immunotherapies; and improve patient care and
outcomes. These efforts will become more important as the number and variety of molecular targets for

immunotherapies broaden and as therapies with novel mechanisms continue to be developed.
© 2022 Published by Elsevier Inc. on behalf of International Society for Cell & Gene Therapy. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/)

Introduction

expansion into new indications for existing agents are enabling
broader availability of immunotherapies to cancer patients.

The emergence of cancer immunotherapies has led to transforma-
tional advances across solid and hematologic malignancies, bringing
new hope to patients with serious, life-threatening diseases. Cancer
immunotherapies provide clinically beneficial alternatives and addi-
tions to traditional cytotoxic treatments. Recent U.S. Food and Drug
Administration (FDA) approvals of immunotherapies and the rapid

* Corresponding author:
E-mail address: mstewart@focr.org (M.D. Stewart).

The immuno-oncology (I0) drug development pipeline con-
tinues to grow, and cancer immunotherapies are quickly being
integrated into the standard of care for many cancers [1]. Impor-
tantly, our increasing clinical experience with these immuno-
therapeutic agents has brought greater awareness to several
toxicities unique to immunotherapies that are not typically
observed with traditional cytotoxic agents. With the success of
newer immunotherapies such as T cell engagers and chimeric
antigen receptor (CAR) T cells in several hematologic malignan-
cies, there has been growing recognition of cytokine release
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syndrome (CRS) as a distinct clinical entity. Cytokine release syn-
drome represents one of the most common toxicities of these
therapies and occurs with varying frequency, severity and pre-
sentation among immunotherapeutic agents [2]. The incidence of
CRS is relatively low for conventional monoclonal antibodies, but
there is a higher risk of CRS with CAR T cell therapies and T cell
engagers (incidence ranging from 17% to 94% for all grades) [3].
Early in the development of immunotherapies, the term CRS was
used more generally to describe a syndrome with a dramatic pre-
sentation requiring intensive care, but we now understand that
CRS presents with a spectrum of severities, ranging from a self-
limited low-grade fever to serious multiorgan collapse.

Although CRS is increasingly recognized as an on-target effect
associated with CAR T cells and T cell engagers, the full extent of this
syndrome, including pathophysiology and effects on end-organ func-
tion, has not been fully characterized. A standardized approach is
needed for diagnosing CRS and its manifestations in clinical trials and
for reporting CRS in both prescribing information and published liter-
ature. In addition, with the advent of T cell engagers and other 10
agents, there is an increasing need to distinguish CRS from other clin-
ical entities, such as acute infusion-related reactions (IRR), septic
shock, or hemophagocytic lymphohistiocytosis (HLH). For instance,
acute IRRs and CRS can have overlapping symptoms and temporality,
but likely have different pathophysiology and differ in management
and prognosis. Our current mechanistic understanding of these over-
lapping clinical entities continues to evolve, and concerted efforts to
harmonize data capture will help better characterize these events to
uncover key differential features and inform development of individ-
ualized mitigation strategies, as appropriate. The importance of cap-
turing adverse events (AEs) in a systematic and harmonized manner
has been highlighted by the emergence and growing recognition of
immune-effector cell-related AEs observed with immune checkpoint
inhibitors and their management, which has been a focus in recent
clinical guidelines published by the Society for Immunotherapy in
Cancer and the American Society for Clinical Oncology [4,5]. Inconsis-
tent or inadequate characterization of these toxicities in clinical trials
impact how data are presented in publications and prescribing infor-
mation, potentially resulting in suboptimal representation of these
clinical events. This, in turn, can put patients at risk if their treatment
side effects are not appropriately managed.

Growing Clinical Experience of Infusion Reactions and CRS

Adverse events known broadly as IRRs have long been defined,
diagnosed and reported in an ambiguous and inconsistent manner
[6]. This arises, in part, from the fact that the term IRR came into use
at a time when few biological therapies were available and acute
reactions to an infusion of a biologic agent were starting to be
reported. Additionally, little was known about the exact mediators
involved in these reactions. Since the introduction of therapeutic
monoclonal antibodies and other biologics into clinical practice, IRR
has been used as a broad term to encompass acute findings during or
shortly after an infusion that may include hypersensitivity/anaphy-
laxis, complement activation—related pseudoallergy (CARPA), CRS, or
more nonspecific signs and symptoms [6]. During clinical develop-
ment, IRRs are generally defined as AEs occurring within the first 24
h after infusion of a therapy, with causality deemed by the investiga-
tor to be related to the therapy. This operational definition has
resulted in the term IRR being used to define a wide array of symp-
toms with potentially disparate pathophysiology whose main com-
monality is occurrence within 24 h of infusion. The majority of IRRs
reported with therapeutic monoclonal antibodies are self-limited
and treated symptomatically [7—10]. Infusion-related reactions after
CAR T cell administration are infrequent and generally mild. Never-
theless, with the emergence of T cell-engaging therapeutics, in par-
ticular T cell engagers and other 10 agents, distinguishing CRS from

IRR has been a challenge, in that the signs and symptoms may par-
tially overlap.

CRS is a supraphysiologic response driven by the immune system.
It has been commonly observed in sepsis and other infections, includ-
ing those related to COVID-19, and as an on-target AE of T cell-medi-
ated therapies or in response to other therapies such as COVID-19
mRNA vaccines [11]. CRS is initiated by the activation of T cells and
mediated by cytokines produced by macrophages and other myeloid
cells. CRS can occur within several hours to days after infusion of an
immunotherapeutic, but typically does not present beyond 14 days
after initiation of therapy [12]. CRS can be short-lived, but often lasts
for several days. Because symptoms of CRS can overlap with other
toxicities that have generally been classified as IRRs, and because
both CRS and IRR can occur within a day after infusion, careful exami-
nation of the signs and symptoms, their attribution, and the response
to therapy is important. The presentation of CRS may differ depend-
ing on the immunotherapeutic and the clinical and biological status
of the patient. Factors (therapy- and patient-dependent) include
tumor antigen target, location of tumor (i.e., blood vs. solid tumor)
and target antigen or T cell binding potency. In addition, the timing
of the onset of CRS can coincide closely with infusion of T cell engag-
ers. However, for cellular products, T cell expansion precedes the
onset of CRS, and there is therefore a lag between infusion and CRS
symptom onset [13].

CRS typically presents with a fever and may progress to hypoten-
sion or hypoxia. Flushing and rash may accompany both anaphylactic
reactions and CRS, although specific skin and mucosal changes such
as hives and mucosal swelling predominate in anaphylactic reactions,
occurring in 80% of cases [14]. An underlying hallmark associated
with CRS is the release of cytokines, and this has been identified as a
differentiating criterion in the Common Terminology Criteria for
Adverse Events (CTCAE) v.5 definition for CRS and IRRs. However, the
measurement of cytokines is not yet a routine element in clinical
practice, nor are there reliable cytokine thresholds for CRS diagnosis.
Thus, this distinction alone may not yet be helpful to clinicians at the
bedside, and emergent interventions are still largely based on the
clinical manifestations and severity of CRS as well as response to
therapeutic interventions. For example, the role of the interleukin
(IL)-6 pathway in CAR T cell therapy has been characterized, and
therefore use of IL-6 blocking agents has become a mainstay inter-
ventional treatment of CRS [15,16].

CRS Definition and Severity

In light of our evolving clinical experience with emerging immu-
notherapeutics, several efforts have been made to update and harmo-
nize grading criteria for CRS in clinical trials (Table 1). Additionally,
the elements described in each grading system offer information on
what defines severity.

Fever is a CRS-defining characteristic but does not dictate the
severity of CRS. Therefore, the Memorial Sloan Kettering Cancer Cen-
ter (MSKCC) grading system initially relied on the availability of cyto-
kine levels measured from patients in real time to distinguish severe
versus nonsevere CRS [23]. However, real-time cytokine testing may
be limited to specific health care research settings, and there is cur-
rently poor correlation between pre-/posttreatment cytokine levels
and the severity of CRS signs and symptoms. Thus, the presence and
severity of hypotension and hypoxia are most commonly used to
assign the grade of severity for CRS, as these two events typically
drive the need for higher level of care (e.g., intensive care) and clini-
cally relevant sequelae. One unique aspect of CRS grading is that the
severity is often based on the type and/or level of practitioner inter-
vention. For example, the utilization of one versus more than one
vasopressor agent to treat hypotension, or the use of supplemental
oxygen alone versus mechanical ventilation for hypoxia, determines
the CRS severity grade in several of the currently used CRS grading
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Table 1
Evolving definitions and criteria for grading and managing CRS.

Lee criteria [17]

Grade 1: Symptoms are not life-threatening and require symptomatic treatment only (e.g., fever, nausea, fatigue, headache, myalgias, malaise)
Grade 2: Symptoms require and respond to moderate intervention; oxygen requirement <40% or hypotension responsive to IV fluids or low-dose single vasopres-

sor or grade 2 organ toxicity

Grade 3: Symptoms require and respond to aggressive intervention; oxygen requirement of >40% or hypotension requiring high-dose or multiple vasopressors or

grade 3 organ toxicity or grade 4 transaminitis

Grade 4: Life-threatening symptoms; requirements for ventilator support or grade 4 toxicity (excluding transaminitis)

CTCAEv5.0 18]

Grade 1: Fever with or without constitutional symptoms

Grade 2: Hypotension responding to fluids; hypoxia responding to <40% oxygen

Grade 3: Hypotension managed with one vasopressor; hypoxia requiring >40% oxygen

Grade 4: Life-threatening consequences; urgent intervention indicated

Memorial Sloan Kettering Cancer Center (MSKCC) [19]

Grade 1: Mild symptoms requiring observation or supportive care only (e.g., antipyretics, antiemetics, pain medication)
Grade 2: Hypotension requiring any vasopressors <24 h; hypoxia or dyspnea requiring supplemental oxygen <40%
Grade 3: Hypotension requiring any vasopressors >24 h; hypoxia or dyspnea requiring supplemental oxygen >40%
Grade 4: Life-threatening symptoms; Hypotension refractory to high-dose vasopressors; hypoxia or dyspnea requiring mechanical ventilation

Chimeric Antigen Receptor Toxicity (CARTOX) [20]

Grade 1: Temperature >38°C; grade 1 organ toxicity

Grade 2: Hypotension responds to intravenous fluids or low-dose vasopressor; hypoxia requiring oxygen <40%; grade 2 organ toxicity
Grade 3: Hypotension needing high-dose or multiple vasopressors; hypoxia requiring oxygen >40%; grade 3 organ toxicity or grade 4 transaminitis
Grade 4: Life-threatening hypotension; needing ventilator support; grade 4 organ toxicity except grade 4 transaminitis

Penn Criteria [21]

Grade 1: Mild reaction: treated with supportive care, such as antipyretics, antiemetics

Grade 2: Moderate reaction: some signs of organ dysfunction (grade 2 creatinine or grade 3 liver function tests [LFTs]) related to CRS and not attributable to any
other condition; hospitalization for management of CRS-related symptoms, including neutropenic fever and need for IV therapies (not including fluid resuscitation

for hypotension)

Grade 3: More severe reaction: hospitalization required for management of symptoms related to organ dysfunction, including grade 4 LFTs or grade 3 creatinine,
related to CRS and not attributable to any other condition; hypotension treated with multiple fluid boluses or low-dose vasopressors; coagulopathy requiring fresh
frozen plasma, cryoprecipitate or fibrinogen concentrate; hypoxia requiring supplemental oxygen (nasal cannula oxygen, high-flow oxygen, CPAP or BiPAP)

Grade 4: Life-threatening complications, such as hypotension requiring high-dose vasopressors; hypoxia requiring mechanical ventilation

American Society for Transplantation and Cellular Therapy (ASTCT) [22]

Grade 1: Temperature >38°C

Grade 2: Temperature >38°C; hypotension not requiring vasopressor; hypoxia requiring low-flow nasal cannula or oxygen blow-by
Grade 3: Temperature >38°C; hypotension requiring one vasopressor with or without vasopressin; hypoxia requiring high-flow nasal cannula, facemask, nonre-

breather mask or Venturi mask

Grade 4: Temperature >38°C; hypotension requiring multiple vasopressors (excluding vasopressin); hypoxia requiring positive pressure ventilatory support (CPAP,

BiPAP, intubation or mechanical ventilation)

criteria (see Table 1). This is important, as the use of vasopressors or
respiratory support is based on the clinical judgment of the physician,
which may vary and thus lead to individual bias in CRS grading.

The presence of other organ function abnormalities is included in
some, but not all, CRS grading systems. Other organ abnormalities
could be reported either as separate AEs with no relationship to CRS
or as preferred terms encompassing CRS. Therefore, it is important to
clarify whether the definition of CRS should consider including these
abnormalities to capture the full extent of CRS and minimize the risk
of underdocumenting or underreporting. Additionally, if a therapeu-
tic modality has the potential to cause clinically severe CRS that
requires treatment with fluids, vasopressors, supplemental oxygen
and anti-cytokine therapy, then initial low-grade events related to
these manifestations should be assumed to be part of that spectrum
and defined as CRS. Although there are a variety of published manu-
scripts, descriptions and adapted grading criteria and management
strategies for CRS [22], it is noted that published definitions and grad-
ing criteria do not readily articulate the distinctions among CRS and

other clinical entities that may have overlapping symptoms and tem-
porality (e.g., IRR, macrophage activation syndrome [MAS]/HLH).
Given the current variations in defining and reporting CRS, the
working group feels an urgent need to harmonize the grading, col-
lecting and reporting of CRS. Below are the working group proposals.

Alignment on Defining and Grading CRS

The American Society for Transplantation and Cellular Therapy
(ASTCT) defines CRS as “a supraphysiologic response following any
immune therapy that results in the activation or engagement of
endogenous or infused T cells and/or other immune effector cells.
Signs and symptoms can be progressive, must include fever at the
onset, and may include hypotension, capillary leak (hypoxia), and
end organ dysfunction” [22]. ASTCT's definition for CRS represents an
opportunity for alignment and prioritization of grading of clinically
relevant events and can be inclusive of currently available and
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Table 2
Principle components for defining CRS.

Principles Considerations
Therapeutic modality

therefore, the definition of CRS may evolve.
Therapeutic schedule

The spectrum of CRS and symptoms may change as different antigen targets and the methods to engage the immune system evolve;

The onset of CRS and severity can differ based on treatment administration (i.e., one-time infusion vs. multiple infusions). Kinetics of

CRS may differ by both disease state and therapeutic platform (e.g., cellular products vs. T cell engagers).

Temporal association

The timing of development of CRS depends on patient-, disease- and treatment-related factors. In the setting of CAR T cells, in vivo

expansion of CAR T cells is associated with the onset and maximum severity of CRS. A reasonable temporal relationship to the

therapy must be present.

Sign and symptom manifestation A suspected diagnosis of CRS should be made based on clinical signs and symptoms. Hallmarks of CRS are fever with or without
hypotension and hypoxia; however, symptoms of CRS are not unique and overlap with other toxicities. Careful evaluation is
required to ensure that the symptoms are associated with the cancer therapy, and other information such as blood cultures, fever
workup, etc., should be collected to assist in the differential.

Laboratory evaluation

Baseline assessment of inflammatory markers can assist in comparing with increased levels after treatment. Laboratory evaluation

including C-reactive protein and ferritin are routinely available. Other cytokine level assessments (IL-6, IL-1, IL-8, TNF« and IFNy),
if available, can be helpful in further characterizing this syndrome retrospectively (unless available in real time).

Interventional care

CRS implies the toxicity may be effectively treated with anti—IL-6 therapy or other cytokine-directed therapies given in conjunction

with corticosteroids, depending on the type of immunotherapy.

emerging immunotherapies, with some considerations as noted
below.

Although each CRS grading scale in Table 1 has advantages and
limitations, the working group supports the use of a harmonized defi-
nition and grading scale as well as collection of common data ele-
ments within and across development programs. An informal
sponsor survey indicated that of eight sponsors, seven are using/
planning to use ASTCT criteria for new protocols (see Supplement for
Survey Summary). Several sponsors indicated that some develop-
ment programs have been underway before the release of the ASTCT
2019 grading criteria, and CTCAE and Lee Criteria 2014 were predom-
inantly being used to grade CRS. This is likely driven by efforts to sim-
plify the characterization and categorization of the severity of CRS in
the ASTCT criteria. Some limitations exist, such as the overlapping
nature of oxygen requirements between grade 1 and grade 2 hypoxia
due to the reliance on the oxygen delivery method and exclusion of
end organ toxicities that result from CRS (e.g., renal or hepatic injury).
Furthermore, the use of proactive premedication (e.g., corticoste-
roids) may limit or minimize the cascade of signs and symptoms of
CRS, such as fever, hypotension and hypoxia, which is used as a defin-
ing characteristic of CRS in the ASTCT 2019 definition.

Because these guidelines have primarily been developed based on
the clinical experience with CAR T cell therapy, they may prove, with
additional clinical experience, to be incomplete for all cancer immu-
notherapies and may need to be revised as new data become avail-
able from existing and novel therapies [22]. As such, it is important
that data collection is aimed at more than meeting the requirements
of any one grading system. Therefore, establishing core principles for
defining CRS that consider the therapeutic modality, symptom mani-
festation, timing and response to intervention will be important to
enable flexibility and maximize utility of a harmonized definition for
CRS to adequately assess safety profiles of therapeutics being offered
to patients (Table 2).

Strategy for Assessing CRS over the Course of a Clinical
Development Program

The characterization of CRS for a given experimental therapeutic
in the course of a clinical development program is crucial to ensure
the correct diagnosis and management of toxicity to help maximize
treatment benefit. During the development of protocols for safety
data collection and monitoring strategies as they relate to CRS, con-
sideration should be given to how toxicities will be identified and
managed in routine clinical care. Recognizing the association
between the immunotherapeutic agent and CRS will inform the
framework on how best to collect these data.

The collection of a broad dataset for characterizing CRS is resource
intensive for both sponsors and investigators; however, assessing the
risk of an IRR or CRS during preclinical and early clinical development
of a new therapy will help gauge the robustness of data collection
required during development to characterize the potential risk of
CRS (Figure 1). The robustness of data collection can be assessed
using a decision tree approach, which includes (1) an initial assess-
ment of the risk of IRR or CRS based on mechanistic models and pre-
clinical assessment; (2) biomarker and clinical data collection; and
(3) iterative review of aggregate data to make an informed decision
regarding CRS designation.

If there is a low risk or no risk of IRR or CRS based on mechanistic
models, known class effects and nonclinical data, “LOW/NO” guide-
lines would be followed (Figure 1). In this instance, standard AE
reporting and no upfront cytokine or other biomarker data collection
would be recommended initially. With ongoing frequent safety data
review and consideration for inclusion of cytokine and biomarker
data collection, the data collection plan should be adapted if the clini-
cal data are suggestive of potential IRR or CRS toxicity.

For therapeutic classes that are known to be associated with CRS
or at particularly high risk for inducing CRS based on mechanism of
action or preclinical data, the implementation of a dedicated clinical
and safety monitoring plan may be required from the onset. The
potential risks of IRR and CRS should be defined in the Investigator
Brochure and protocol for the first-in-human trial, with a dedicated
case report form (CRF) for IRR and/or CRS that collects the associated
signs and symptoms. In addition, special preparation may be war-
ranted as part of the protocol such as specific site training on CRS and
the requirement of certain clinical interventions (e.g., inpatient moni-
toring, intensive care unit [ICU] availability, and readily available
tocilizumab). In most circumstances, it is recommended that physi-
cians report either IRR or CRS as the Medical Dictionary for Regula-
tory Activities (MedDRA) preferred term until human data at the
population level (e.g., aggregate data in the clinical trial) are available.
If there is evidence at the population level of cytokine-driven clinical
signs and symptoms, increase in CRS biomarkers such as IL-6 or
responsiveness to tocilizumab or other cytokine-directed therapies,
it would be concluded that CRS is an identified risk and can then be
characterized accordingly and allow proper clinical management.
Lack of such evidence (e.g., response to IL-6 directed agents) may sug-
gest that the reaction is a manifestation of IRR or hypersensitivity but
should not exclude the possibility of CRS based on further exploration
and clinical assessments.

As more data are collected in a harmonized fashion, the field can
better decide at which point and with which factors an event is deter-
mined to be a high-grade IRR versus a low-grade CRS. Understanding
if there are implications on patient management will be important.
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Assess risk of infusional toxicity

(IRR or CRS) based on
mechanistic models and
preclinical assessment

[At FIH trial] Define potential risks

in the IR and Pratoeal: DATA:

+ CRS

S iea biomarkers,
Implement: clinical

+ Dedicated eCRF for CRS/RR
+ Provide treatment guidelines
=+ Collect biomarker data

YES T

Collect data (e.g. biomarkers,
clinical characteristics including
cytokine-related symptoms)

As a team, leverage data and
clinical judgment to make an
informed decision regarding CRS
designation

; : = CRS
Population-level evidence YES
cytakine driven clinical signs
and symptoms, and/or
respansiveness ta
tocilizumaky or other cytokine
NO

directed therapies

IRR andfor

Hyper:

CRS Characterization
Process for Clinical

POTENTIAL All decision points require
Infusional toxicity clinical judgement and team
s Development b
Mon-clinical data
MOA
Class effect
LOW l NO
Standard AE reporting.
No upfront cytokine data If safety suggestive of CRS Continue to
collection. or IRR the_n adopt YES reevaluate the data
Frequent review of safety guidelines as needed
data.

FIH: first in human, CRF: case report form

Figure 1. Decision tree for assessing a population-level CRS risk during product development of an experimental agent. A decision tree approach to characterizing the safety profiles
of new molecules during preclinical and early clinical development. This process would begin with an initial assessment of the molecule’s potential for CRS or IRR, based on preclini-
cal data, mechanism of action and experience with other agents in the same therapeutic class. (Color version of figure is available online.)

Harmonized Data Elements for Characterizing CRS

With the evolution of defining and grading CRS in the field, there
is an opportunity for the medical community to ensure that the
appropriate data elements are collected to allow derivation with dif-
ferent grading systems. Collection of common data variables using
aligned protocols will be important to enable comparison with differ-
ent therapies in the future. Early in the clinical development of a
novel therapy, it is important to collect individual signs and symp-
toms associated with each case of CRS, since the definition of CRS has
evolved and is likely to continue to evolve as more experience is
gained with immunotherapies. A suspected diagnosis of CRS will
most likely be based on clinical signs and symptoms, such as fever,
hypotension and hypoxia [24]. However, the collection of all individ-
ual signs and symptoms consider to be associated with CRS as well as
certain data variables, such as laboratory assessments, cytokine pro-
files and biomarkers, will be important for future retrospective analy-
ses to assess the relationship of certain signs and symptoms with CRS,
the severity of CRS, natural history of the event including response to
therapy, or the identification of predictive biomarkers. CRS would
generally be considered as an AE of special interest (AESI) if there are
CRS reports in early clinical studies of the immunotherapy product or
with products of the same class. A confirmatory diagnosis could be
made at a later date and in the context of the evolution of clinical
symptoms and cytokine data or response to cytokine-directed inter-
ventions (see section “Consistent Method for Recording and Report-
ing CRS Events”).

Table 3 outlines key data elements driven largely in part by ASTCT
2019. Review of key data variables from published severity scales
would inform the components of a dedicated CRF for CRS. These rep-
resent minimum data collection elements, and sponsors may capture
additional variables. Comprehensive data capture will be critical to
facilitate new iterations of grading criteria and past criteria to ensure
the safe monitoring and administration of T cell-engaging immuno-
therapies.

Vital sign assessment should include body temperature, pulse
(heart rate), blood pressure and oxygen saturation. It is important to
note that ASTCT grading depends on the use of supplemental oxygen
or positive pressure ventilation and the use of vasopressors. Because
the criteria to use these interventions are not standardized, some
bias could be introduced into the grading of CRS. Once CRS is further
characterized, biomarker testing can be reduced to key time points
and biomarkers. Capturing these core data elements may be impor-
tant for drug label descriptions and management guideline develop-
ment.

Additional laboratory tests to consider among patients who expe-
rience a more severe manifestation of CRS without initial response to
interventional therapy can include fibrinogen and complete blood
counts (if not already included in the routine hematologic laboratory
assessments), triglycerides, and a bone marrow biopsy. The latter
would be necessary to confirm the diagnosis of MAS/HLH, which
likely has a worse prognosis and may warrant additional therapies.

In the setting of CAR T cell therapy, one important determinant
associated with CRS and its severity is the in vivo expansion of these
cells after infusion. While to-date treatment guidelines are based on
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Table 3
Harmonized collection of discrete data elements.

Parameter Data collection

Signs and symptoms Minimum signs and symptoms to collect
include fever, nausea, chills, vomiting,
diarrhea, confusion, dizziness, dyspnea,
tachycardia, headache, hypotension, hyp-
oxia, lymphadenopathy, hepatosplenome-
galy; but the eCRF should allow an
investigator to enter any symptom thought
to be a CRS symptom
Date/time onset (e.g., X hour(s] after infu-
sion of dose); initial grade; maximum
grade; date/time resolution; intervention;
outcome

Hypotension management No intervention required, blood pressure val-
ues, intravenous fluids, use of vasopressors
and dose, start/stop date of treatment,
duration of treatment

No oxygen supplementation required, regu-
lar flow nasal cannula, high-flow nasal can-
nula, facemask, nonrebreather mask, or
Venturi mask; positive pressure ventilatory
support (CPAP, BiPAP, intubation, mechan-
ical ventilation)

Organ toxicity Liver function tests, creatinine, amylase,
lipase, rash, neurotoxicity, cardiac, pulmo-
nary, renal, hepatic toxicities

Cytokines IL-6, IL-1, IL-8, TNFo and IFNy are recom-
mended as a core cytokine panel, if avail-
able and considered in a research setting

Other laboratory assessments ~ Routine hematology analysis, including com-
plete blood count and differential, serum
chemistries, coagulation factors, ferritin, C-
reactive protein

Care setting Admitted to hospital or ICU; duration, includ-
ing distinction between ICU and non-ICU
duration

Intervention for management  Tocilizumab or other cytokine-directed ther-
apy administered for management, as well
as corticosteroids or other supportive care,
such as antipyretics, and type of prophy-
laxis, if any; if applicable, permanent dis-
continuation of immunotherapy or ability
to rechallenge and administer therapy

Hypoxia management

symptoms, it is important to capture the laboratory value informa-
tion, including cytokine biomarkers, as laboratory values and cyto-
kines help improve our understanding of the pathophysiology and
may inform future development of management guidelines.
Although there are currently no commercially available assays to
determine expansion and persistence of CAR T cells, and real-time
cytokine analysis is also not typically available, correlative analyses
in the context of clinical trials may allow retrospective analyses to
interrogate CRS cases and direct future guidelines for toxicity man-
agement.

With CAR T cell therapy, routine CRS assessment may range from
daily CRS assessments immediately after infusion, to two to three
times a week for the first 30 days after infusion, to help characterize
the evolution of symptoms, development of additional toxicities,
treatment and response to treatment. The timing and frequency of
CRS assessments for T cell engagers may vary and depend on the
pharmacokinetics and pharmacodynamics of the particular molecule
and dosing schedule. Timing of sampling should be adapted to
accommodate treatment cycles and protocol-defined scheduled vis-
its.

Consistent Method for Recording and Reporting CRS Events

As described in Figure 1, identification and characterization of CRS
early in a new experimental therapeutic’s clinical development can

be challenging owing to the heterogeneity in signs and symptoms
and similarity of CRS signs and symptoms to those of other AEs, such
as IRR or infection, as noted earlier. A hypothetical case is shown in
Figure 2. A patient treated with a T cell engager experiences several
AEs. Initially, the patient presents with a fever of 40.1°C lasting 6 h
that is accompanied by hypotension responsive to a 1-liter fluid
bolus. The fever and hypotension are CTCAE grade 3. The next morn-
ing, liver function test (LFT) increases are noted (grade 4), and later
that day, the patient has a brief generalized seizure that is self-lim-
ited, lasting less than a minute (grade 2). Grade 2 CRS is diagnosed
[22]. It is important for all these AEs to be captured into the CRF and
independently reported for characterization of the range and severity
of signs and symptoms constituting the grade 2 CRS. Although all of
these may precede the investigator diagnosing CRS, all AEs should be
captured into the CRF and independently reported. Independent AE
reporting is critical, and clinical investigators should carefully
describe all events that are suggestive of potential CRS. This will
enable pharmacovigilance experts to evaluate relevant, linked events
and code them as CRS, as appropriate.

In the example case, the event of fever precedes the diagnosis of
CRS and would be captured into the AE database independently and
graded independently, as the differential diagnosis for the fever could
include not only CRS, but other potential etiologies such as IRR and
infection. Additional events such as the increase in LFTs and seizure
are attributable to the CRS, but could also be recorded as independent
AEs into the database. Once CRS is diagnosed and recorded as an AE
in the trial database, the signs and symptoms indicative of CRS ideally
would be linked to the CRS event.

We propose a comprehensive method to capture all the events
and link those AEs that are signs and symptoms of CRS to the CRS
event, such that CRS is the AE, but the symptoms (fever, LFT increase,
seizure) that are AEs in themselves are attributable to CRS and are
linked to the CRS event (Figure 2, “Link Events to CRS”). For instance,
one way is to flag each AE that is related to CRS and link it to the spe-
cific CRS event. This will allow a more qualitative analysis of CRS, as
CRS can manifest in a variety of organs including hepatic, renal and
neural system. This method would also allow the optionality of
reporting all AEs, CRS and the specific organ toxicity separately or
allow collapsing of the CRS-related events to a single AE. Given the
importance of central nervous system (CNS)-related toxicity with T
cell therapies, it is recommended that ICANS (immune effector cell-
associated neurotoxicity syndrome) events be captured and scored
separately. In the case described, any seizure would be captured as a
grade >3 ICANS.

Without data collection standards, several outcomes in terms of
data capture may arise. For instance, one possible method is that all
the signs and symptoms that are attributable to CRS could be col-
lapsed into the AE preferred term of CRS. Once the investigator iden-
tifies CRS, as part of data cleaning, the fever, LFT increase and even
seizure events could be accounted for by CRS, and only the CRS event
is reported (Figure 2, “Collapse Events to CRS”). However, this
method would lead to the loss of actionable information that may be
useful for retrospective application of future CRS diagnostic or grad-
ing criteria and for physicians and patients.

As described in Table 3, additional information would be cap-
tured including use of concomitant medications (e.g., tocilizumab
or other cytokine-directed therapy, oxygen, vasopressors, cortico-
steroids) and specific interventions (e.g., method of oxygen deliv-
ery, mechanical intervention, intravenous fluids). In our example
case, the use of intravenous fluids and not vasopressors define a
grade 2 CRS event. Although these items may be collected in other
parts of the electronic data capture record, it is important that they
are easily linked to a specific CRS event, as CRS grading is depen-
dent on these interventions in most classification systems. In addi-
tion, some grading systems can lead to downgrading of events. As
an example, liver function laboratory values may increase
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Figure 2. Patient treatment timeline and event reporting after immunotherapy administration.

transiently and meet the criteria for CTCAE grade 4 CRS based on
these laboratory changes; however, this increase will only meet
the definition of a grade 2 CRS by ASTCT criteria if it is not accom-
panied by clinically significant changes in blood pressure or oxy-
gen requirement.

Conclusions

Cytokine release syndrome is commonly seen with newer immu-
notherapies, such as T cell engagers and CAR T cells, and presents as a
range of signs and symptoms, most commonly fever, hypotension
and hypoxia. There are currently several different scales used to
grade the severity of CRS, and therefore, it is important to standardize
the grading to ensure consistency in how data are collected and pre-
sented and to better distinguish CRS from other clinical entities with
overlapping symptoms. Ideally, all investigators would commit to a
harmonized data collection approach using a dedicated CRS eCRF
with data elements identified in Table 3 as a guide. Moreover, this
working group outlined several actionable proposals for deployment
in early clinical development programs of emerging immunothera-
pies. To improve alignment on defining CRS, clinical programs could
establish core principles that consider the therapeutic modality,
symptom manifestation, timing, and response to intervention as part
of a harmonized definition of CRS. A strategy for assessing CRS over
the course of a clinical development program that takes into account
an initial assessment of the risk of IRR or CRS, biomarker and clinical
data collection, and an ongoing review of data is needed to make an
informed decision of CRS designation. In regard to data, harmonized
data elements for characterizing CRS need to be determined, as com-
prehensive data capture will allow for easier adaptation of one grad-
ing scale to another. Lastly, a consistent method for recording and
reporting CRS events is necessary to simultaneously delineate the
individual signs and symptoms of CRS as well as to characterize the
CRS event as its own entity. In particular, the previous experience
with the study of immune-related AEs due to checkpoint inhibitors
emphasized that, when evaluating CRS events, alignment of

important data elements and a more comprehensive understanding
of AEs early in clinical development can support ongoing pharmaco-
vigilance and real-world data collection to enable further characteri-
zation of these events in the postmarketing setting.

As our clinical understanding of CRS and other clinical entities
associated with these types of therapies evolves, a harmonized
approach for defining, characterizing and reporting CRS in patients
receiving immunotherapies is necessary to support evidence-based
monitoring and management of novel toxicities; facilitate and har-
monize the assessment and communication of risk-benefit profiles
with regulatory agencies, the clinical community, and the public; and
improve patient care and outcomes. Furthermore, such an approach
can also support retrospective analyses to compose new iterations of
grading criteria and clinical guidelines, to ensure the safe monitoring
and administration of T cell engaging immunotherapies.
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Introduction

Over the past decade, an increasing number of breakthroughs in cancer research have translated
into novel and highly effective therapies for patients. Investigational therapies are often first
studied in patients with relapsed or refractory (r/r) disease and who have received multiple prior
lines of therapy or have exhausted all available treatment options (i.e., later treatment setting

or disease setting with lack of available treatments). Between January 2013 and July 2022, over
61% of oncology approvals for novel molecular entities were for patients with metastatic disease
who had received prior therapies.! Studies of new investigational therapies are often conducted
in the r/r patient population due to the unmet need for treatment options, ethical concerns
about exposing newly diagnosed patients to therapies that may be ineffective, and potential
earlier market access through the accelerated approval (AA) pathway.2 Designing trials in the

r/r setting yields important insights for investigational agents (e.g., dosing, tolerability, etc.) and
provides access to investigational therapies for patients with r/r disease who may not have other
acceptable options.

Recently, concerns have increased regarding the limitations of using single-arm trials to support
AA, failure and delays in confirming benefit for drugs granted AA, and the inherent challenges

of confirming clinical benefit in the r/r setting when trials are initiated after the AA has been
granted.2 Conducting trials in earlier metastatic settings (including but not limited to first-line
therapy) as a strategy to support initial approval may address some of these limitations and
has the potential to maximize the benefit of innovative treatments and expand access to more
patients with metastatic disease more quickly.

The Oncology Center of Excellence (OCE) at the U.S. Food and Drug Administration (FDA), launched
Project FrontRunner to initiate a discussion among stakeholders in oncology drug development
for considerations on shifting the historical drug development paradigm which has focused on
first developing and seeking approval of new therapies in the r/r metastatic setting.3 As part of
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this initiative, OCE aims to propose, for use by pharmaceutical sponsors on a voluntary basis, a
framework that helps identify clinical development programs that may benefit more patients
earlier in the course of their disease and improve the data available at the time of approval to
facilitate a benefit-risk assessment. Friends of Cancer Research (Friends) convened a multi-
stakeholder group of experts including the OCE, drug developers (Sponsors), patient advocates,
and academic clinicians to identify key opportunities and challenges for designing studies that
support approval in earlier metastatic treatment settings and initiating such studies earlier in
the overall drug development program.

Objectives

« Identify opportunities, challenges, and potential strategies to accelerate the study of
investigational therapies in the earlier metastatic treatment setting.

« Develop a framework to facilitate determining when it is appropriate to initiate the study of
investigational therapies in the earlier metastatic treatment setting, informed by important
clinical, statistical, and regulatory considerations.

+ ldentify the critical components of a comprehensive development strategy to support
accelerated clinical development and regulatory approvals.

At the outset, there was broad recognition that the Project FrontRunner paradigm may not be
appropriate for every clinical setting or investigational drug. As such, this paper provides a
proposed framework for considering whether the Project FrontRunner approach is appropriate
in a given context and, outlines some important considerations for implementing this approach
in the appropriate setting. Importantly, the framework and clinical development considerations
may be subject to further revisions based on additional input and experience.

Rationale for Advancing Investigation of Novel Therapies Earlier in the
Course of Metastatic Disease

Provide Greater Clinical Benefit to More Patients

Therapeutic investigations earlier in the course of metastatic disease have the potential to
provide a greater benefit to patients with cancer since there are more patients with earlier
metastatic disease and the absolute effect size of investigational therapies on endpoints such
as progression-free survival (PFS) and overall survival (OS) tends to be greatest.4-7 In the r/r
setting, patients may have disease-related factors or complications or may have residual side
effects from prior treatments that may confound the evaluation of an investigational therapy
for safety and efficacy. In some cases, the effects of prior therapy or disease progression may
preclude patient participation in clinical trials.8 Investigation in early line metastatic disease
increases the clinical trial opportunities for more patients with metastatic disease.

Accelerate Addressing Unmet Need in Earlier Metastatic Treatment Setting
While unmet need is not a regulatory requirement for AA, the intent of regulatory mechanisms
and flexibilities that allow for earlier approval of drugs to treat serious conditions is to address
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unmet medical needs.0 It is important to note that investigational therapies in the earlier
metastatic setting have the potential to address unmet need by providing therapeutic options,
including potentially through the AA pathway, when no standard of care (SOC) treatment
exists. This can help provide alternatives to or replace less effective or more toxic therapies

in the earlier treatment setting, and/or enhance current SOC efficacy through a combination
approach. Initiating investigations in early metastatic settings using the Project FrontRunner
paradigm allows for comparison of the investigational therapy to established and approved
therapies for enhanced benefit-risk assessments.

Lessons Learned from Past Drug Development Programs

A review of several past drug development programs informed learnings from conducting
clinical trials in metastatic disease and strategies for future trial designs that may align with the
goals of Project FrontRunner (see Appendix 1 for case study reviews). Insights were gleaned from
the Sponsors and publicly available FDA review summaries. Summary key findings from these
case studies include:

- Certain clinical scenarios and therapeutic regimens (e.g., when an investigational drug is not
expected to be effective as monotherapy or requires a combination therapy that includes
current SOC) may require initiation of registrational or pivotal studies in the frontline setting.

+ Robust statistical approaches are necessary to address challenges associated with interim
analyses. Conducting an interim analysis based on events with limited follow-up may result
in an inaccurate estimation of clinical benefit. Statistical considerations for the required
hazard ratios and alpha spending for interim analyses will be important.

«  Endpoints used for interim analyses (e.g., overall response rate (ORR)) should be established
to be reasonably likely to predict clinical benefit for the disease and the therapy being
studied.

+  The randomized controlled trial (RCT) planned to verify benefit observed in a single-arm trial
should be nearly or fully enrolled at time of submission of the single-arm trial for AA.

Key Considerations for Initiating Clinical Development in Earlier
Metastatic Settings

Studying investigational therapies earlier in the course of advanced/metastatic disease (e.g.,
first or second-line setting) may be appropriate for a subset of clinical and drug development
scenarios. The proposed considerations for selecting a clinical development scenario
appropriate for the Project FrontRunner setting are shown in Table 1.
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Table 1: Considerations for Selecting a Project FrontRunner Clinical

Development Paradigm

Factor Characteristics Considerations

« Natural history of the disease can impact the length
of time it takes for data to mature to demonstrate
treatment benefit. An earlier readout of a well-
established intermediate endpoint could form the
basis for AA ahead of clinical benefit outcomes.

The size of the eligible patient population is an
important consideration because it can impact
enroliment rate and ultimately the time it takes for
trial results (interim and final) to be available.

 Natural history of disease
(e.g. long or short natural
Disease survival)
Characteristics Size of eligible population
(e.g. rare or more
common)

Novelty of mechanism of
action ((tel;g:, first-in-class

Data (e.g, efficacy, dosing, toxicity profile) may

or 3rd/4Tin class) be leveraged for drugs that have been previously
S approved in other indications or for investigational
Investigational | « Approval status (eg, agents within an existing drug class, which can help
Treatment new molecular entity or de-risk the approach
Characteristics expanding indication of PP .

Investigational agents with high toxicity may not be
amenable to study in early lines with existing, less
toxic SOC options.

approved drug)
Level of toxicity (e.g. high
or low)

Efficacy, safety of
approved available
therapies in early
metastatic setting (i.e.,
15t/2N4 |ine setting)

« Efficacy of available
therapies

Tolerability of available
therapies

Settings where established SOC is associated with
modest-to-moderate outcomes or poor toxicity
offers opportunities to demonstrate convincing and
clinically meaningful improvement.

Other Available
Therapies

Disease settings that have well-established
intermediate endpoints (e.g., correlation to long-
term clinical endpoints) to support interim analyses
may be most appropriate.

Intermediate endpoints
Clinical Endpoints available and acceptable
for regulatory use

Some disease characteristics are more amenable to the FrontRunner paradigm than others,
including those for which there is evidence to support the use of an intermediate endpoint,
such as ORR, that is reasonably likely to predict clinical benefit and could support interim
analyses evaluating treatment efficacy. These include diseases with long natural histories such
as indolent non-Hodgkin lymphoma or multiple myeloma in the frontline setting. Alternatively,
diseases where the natural history is short, but OS (rather than PFS) is the endpoint of interest
for regulatory approval, such as second-line non-small cell lung cancer, would also be
candidates for the FrontRunner approach. In this setting, the established SOC is associated with
low-to-moderate outcomes (15-20% ORR) and an investigational therapy may demonstrate
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meaningful improvement. More common diseases in which trial enrollment can be completed
expeditiously will likely also benefit from a FrontRunner approach, as accrual of a sufficient
sample size will likely not be rate-limiting. These considerations are based on the use of ORR for
interim analyses. However, in the future if other intermediate endpoints, such as those based on
circulating tumor DNA (ctDNA) or minimal residual disease (MRD), are robustly characterized
and accepted as reasonably likely to predict clinical benefit, additional clinical scenarios may
become amenable.

Operationalizing a Project FrontRunner Approach During Clinical
Development

Factors Influencing the Clinical Development

When establishing the development plan for an investigational drug, Sponsors should make
plans beyond the initial indication, including establishing a holistic clinical and registration plan.
This plan should determine the feasibility and applicability of investigating the agent in earlier
settings, including establishing set decision points to determine when to initiate studies and
what evidence is needed to support the move to earlier lines. These decisions should be based
on early clinical and scientific evidence, further discussed below and highlighted in Figure 1,

but may also be driven by factors such as the level of risk a sponsor and regulatory bodies are
willing to accept, development timeline to regulatory approval, market opportunity (including an
assessment of competition and potential changes in the treatment landscape), size of target
population, relevance of the target in the earlier setting, and market access considerations of
the portfolio. A Project FrontRunner approach would not preclude these decisions from being
made, but rather it would clarify opportunities and encourage trial designs in earlier metastatic
disease sooner in the development of an investigational agent.

Figure 1: Evidence to Support Investigation in Earlier Metastatic Treatment Settings. Evidence
that may be leveraged to support initiating clinical development in earlier metastatic settings,
obtained through pre-clinical research and/or clinical research in the r/r setting.

Pre-Clinical Research Clinical Research

Laboratory
Testing

Early Clinical Studies

Animal Studies (Phase 1/2)

Registrational Studies

conduct dose expansion and
dose optimization, with r/r data
extrapolated to earlier lines
Generate safety, tolerablity,
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efficacy data inr/r to support
proof of concept for earlier lines
Identify need for a biomarker
defined patient population
and/or development of
companion diagnostic
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Treatment Landscape in the Earlier Metastatic Treatment Setting

Understanding the current treatment landscape in the early metastatic setting is key to
informing clinical trial designs when moving treatments into earlier lines. The primary
endpoint(s) used to support previous regulatory decisions in the specific cancer type as well as
the magnitude of improvement observed in clinical trial readouts may help guide trial design
considerations, including the level of evidence needed for AA decisions and the endpoints

used to determine clinical benefit. These considerations may change if the proposed study is
intended to replace current SOC as opposed to combining the investigational therapy with SOC.
Additionally, the current SOC will impact selection of the control arm of a RCT. In some instances,
it may be challenging to identify a single control arm if there are multiple treatments available
in the earlier setting and a physician’s choice may be most appropriate. Providers and patients
may need additional education about the value of enrolling in a clinical trial in an earlier line if a
well-established SOC and/or existing therapies for early line treatment already exists.

Pre-clinical and Early Clinical Studies

Figure 1 highlights data from pre-clinical research and early phase clinical studies that can

be used to support investigation in earlier metastatic treatment settings. Robust pre-clinical
disease models predict the potential anti-tumor activity in the intended tumor type(s) to
support the selected patient population and provide insight into investigations in earlier lines.
Pre-clinical data are also critical to inform the approach for studying an investigational therapy
as a monotherapy or in combination with other therapies. If pursuing a combination therapy
approach, early inclusion of the combination partner in nonclinical investigations is beneficial
to begin to understand the drug-drug interaction profile as well as inform the dosing regimen.
Enrolling patients with early metastatic disease in dose finding studies may be challenging

and reaching time to event endpoints may take a long time. Therefore, extrapolating data from
dosing studies in the r/r setting may be appropriate to aide dose selection for early metastatic
settings. Alternatively, it may be beneficial to use earlier endpoints, such as ORR, for dose finding
studies, if required, in the early metastatic disease setting.

Clinical Trial Design

Two strategies can be considered to facilitate regulatory review in earlier metastatic lines: a
single RCT in the early treatment setting to support accelerated and full approval, and two
concurrent studies that overlap, one of which is a single-arm trial in a r/r setting and the other a
RCT in an earlier treatment setting (Figure 2). Table 2 highlights advantages and disadvantages
of these approaches. In addition to these designs, in rare patient populations with limited
therapeutic options and feasibility challenges to enrolling a sufficient number of patients for

a RCT, a single-arm trial may be acceptabile. In this case, assuming data are available, there
may be opportunities to use real-world data (RWD) on the natural disease history as supportive
information, if proactively discussed and aligned with the Agency, to contextualize the effect
seen in the single-arm trial or for use as an external control arm.
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Table 2: Possible Strategies to Support Accelerated and Full Approval

in Earlier Settings

Single Randomized Trial

Two Concurrent Studies

Approach + The same study supports Single-arm trial examining ORR in r/r setting,
AA and subsequently allowing for collection of data that supports an
verifies clinical benefit earlier initiation of a RCT in patients in earlier
with guarantee of timely metastatic lines and AA in the r/r setting
confirmatory readout RCT in patients in earlier treatment setting to

+ AA granted on support AA and subsequently confirm clinical
planned analysis of benefit
ORR (potentially in a
subset of patients)

« Traditional approval
granted on clinical
benefit (e.g., PFS, OS)

Advantages More thorough safety Able to generate evidence to support

assessment than single-
arm trial

Definitive evidence of
benefit-risk from single
trial in same patient
population

May reduce risk of
prematurely halting drug
with limited increment
to ORR that may still
improve OS, depending
on characteristics

of alpha spending
approach

investigation in earlier setting (if biology is
similqr?

Provides data to support indication in r/r setting
Potential to address unmet need in more
expeditious manner in both the r/r setting and
earlier setting

Interim analysis of safety and ORR in
confirmatory trial could provide support for an
AA in single-arm trial indication

ORR in this interim could support an earlier,
additional, AA indication in the RCT population

Disadvantages

Greater risk/higher
investment with less
clinical experience from
r/r setting to inform
study

Possible statistical
concerns with more
stringent alpha control
with multiple endpoints

Confirmation of clinical benefit (e.g. PFS, OS)
in RCT is not the same patient population as
single-arm trial for AA conversion

Timing of endpoint readouts in r/r may impact
start of RCT (need full enrollment of RCT at
submission of r/r single-arm trial for AA)

Adapted from Fashoyin-Aje, et al.2
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Figure 2: Possible Clinical Development Approaches to Support Accelerating Investigation
in Earlier Settings. Two possible strategies to facilitate regulatory review in earlier metastatic
lines, including the submission to support AA and full approval through a single RCT in the
early setting, or two concurrent studies of a single-arm trial in the r/r setting and a RCT in the
early setting.
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Single RCT

A single RCT could be initiated in an earlier metastatic setting with prospectively defined
intermediate endpoints to support an AA (e.g., ORR) and traditional long-term clinical
endpoints

to confirm benefit. The ORR analysis could be conducted in a subset of the enrolled patient
population for an initial signal of clinical benefit, triggering an increase in enroliment to
confirm the benefit. Resulting data from the RCT are more robust than a single-arm trial due
to evaluable clinical efficacy and safety data, however, RCTs may incur greater risk given the

limited clinical experience from the r/r setting to inform RCT study design.

Two Concurrent Studies

A single-arm trial in the r/r setting can generate evidence to support investigation in the
earlier treatment setting. These data may support an AA in the r/r setting as well as establish
a proof of concept for clinical efficacy (based on the ORR and durability of response) and an
understanding of the PK/PD including the potential drug-drug interaction profile, to inform the
design of a RCT in an earlier setting. Additionally, continued clinical evaluation in the r/r
setting supports development of therapies for this population in parallel while the randomized
study in the earlier setting begins.
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The RCT can serve four purposes:

1. Aninterim analysis of ORR to support AA in the r/r setting,

2. An analysis of ORR to support an AA in the early metastatic setting,

3. Confirmation of clinical benefit with PFS/OS to support full approval in the early metastatic
setting and conversion of AA in the r/r setting to full approval, and

4. A clearer understanding of safety assessment.

In this approach, it is critical that the RCT is ongoing, with enroliment complete or near
complete, prior to submission of data from the r/r single-arm trial to support a regulatory
decision for AA.

Statistical Considerations for Endpoint Analyses in RCTs

When deciding planned endpoint analyses, multiple factors may influence the choice of
endpoints: effect size, effect duration, depth of response, available therapy, disease setting, and
risk-benefit relationship.l3 When analyzing multiple endpoints within a single trial, the optimal
alpha spending and multiplicity control strategy must be considered. Allocation of alpha could
be initially split between the AA endpoint and confirmatory endpoint and subsequently recycled
upon successful demonstration of effects in corresponding endpoints, such that regardless of
the ORR result, PFS/OS could potentially still reach significance. This may require a more stringent
boundary for the AA endpoint, longer follow-up, and a higher event rate for the confirmatory
endpoint, or both. FDA released final guidance to support the use of multiple endpoints in clinical
trials which outlines key statistical considerations.4 Various scenarios and assumptions that
impact timing of data readouts and other endpoint considerations are described in Appendix 2.

Clinical Equipoise Considerations

There are ethical considerations for conducting randomized studies depending on the
expected magnitude of effect based on early clinical signals and pre-clinical evidence. If a high
magnitude of benefit is observed in either the r/r setting or as part of the intermediate endpoint
analysis in the RCT, it may be challenging to enroll patients onto the control arm, demonstrating
the importance of fully enrolling the RCT prior to submission of interim analyses for AA. The

trial design and statistical analysis plan could incorporate unblinding during follow-up as data
continue to accrue for long-term endpoints or consider challenges and opportunities of cross-
over. However, this is similar to the current AA paradigm with ongoing studies to confirm benefit
in earlier line settings.

Biomarker-Driven Development Considerations

There may be additional clinical development considerations for indications in biomarker-
defined populations (for the purposes of this white paper, a biomarker is a predictive biomarker
that is predictive of the efficacy of a specific therapy). Previously validated biomarkers can be
utilized more quickly than novel biomarkers, which require more coordination for co-developing
a drug and diagnostic. An in vitro diagnostic investigational device exemption (IDE) may be
required if a novel biomarker is used in the early treatment setting where available approved
therapies exist, as the study may be deemed a significant risk to patients if they are foregoing
approved therapies. Establishing an IDE for multiple local tests may be burdensome and
Sponsors should align with the Agency when using multiple tests for enroliment. While FDA has
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approved therapeutic products when a companion diagnostic (CDx) device is not approved
or cleared contemporaneously, this may be unlikely in the earlier treatment setting given the
increased risk posed to patients if they receive a potentially ineffective treatment.

To support evidence generation for rare settings (e.g., a rare biomarker in a common disease
setting or a rare disease with a common biomarker), RWD can support an understanding of
biomarker prevalence, as well as identify high-risk populations who could be tested first, with
supportive pre-clinical evidence (that may have the highest magnitude of effect). To determine
whether the biomarker is predictive, biomarker-positive patients should be randomized into the
investigational and SOC arms. If both biomarker-positive and -negative patients are included
in the control, then one can only assess the prognostic role of the biomarker. This approach of
first studying the investigational therapy in a pre-defined population with established medical
need could also be employed to establish entry cohorts for special patient populations based
on clinical characteristics that may be lacking in the clinical trial population but representative
of the overall patient population with the disease.® Data from this entry cohort could then be
appropriately extrapolated to the broader patient population.

Conclusions and Future Directions

This white paper provides parameters to help Sponsors identify candidates for a Project
FrontRunner approach and outlines a framework for operationalizing this approach within

the overall drug development plan. This approach is intended to be an adjunct to, but not
replacement of, existing paradigms for accelerated approval of oncology products. Early
interactions between Sponsors and the Agency are recommended to discuss and confirm the
comprehensive development plan. Initiating discussions with international health authorities
regarding clinical development plans is important as the acceptability of endpoints, such as
ORR, may differ across health authorities and health technology assessment (HTA) bodies

for approval and/or reimbursement, which may present challenges to broader adoption.
While Project Orbis provides a framework for concurrent submission and review of oncology
applications, expanding this framework to earlier phases of development could be beneficial.ls

OCE's Project FrontRunner and the proposed framework for advancing the investigation of
therapies in earlier treatment settings holds great promise to extend clinical benefit into broader
patient populations. However, this paradigm will not be appropriate for all clinical and drug
development scenarios. It will therefore be important to identify the scenarios amenabile to this
approach, as discussed herein, and hold disease-focused drug development workshops to
further operationalize these concepts. Additionally, identifying and validating other novel early
endpoints like ctDNA can help expand the application of this approach to other disease settings
and therapies. Lastly, operationalizing the considerations and concepts of the framework to
support the goals of the initiative at FDA would be beneficial, such as encouraged synergy with
CDx development for biomarker-defined populations and designing dosing studies within the
FrontRunner paradigm.
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Appendix 1

Lessons Learned from Recent Drug Development Programs

Case Study 1: Abemaciclib'® — Potential challenges associated with performing interim PFS
analyses.

Indication: Abemaciclib + fulvestrant for adult patients with HR+/HER2- advanced or metastatic
breast cancer with disease progression following endocrine therapy.

Clinical Development Plan: Originally a single-arm Phase 2 trial designed to support an AA based
on ORR in previously treated patients, with an initiated Phase 3 RCT. Submission on single-arm
trial was discouraged. The Sponsor continued the Phase 3 trial with PFS as the primary endpoint.
Regular approval was based on the final PFS analysis, as the originally planned PFS interim
analysis did not meet the defined threshold.

Challenges Highlighted: FDA discouragement of a single-arm trial to support AA with a separate
RCT to confirm benefit. Potential challenges associated with proposing submissions based on
interim analysis for PFS. Statistical considerations, such as the required hazard ratios and alpha
spending, may limit the ability to conduct interim analyses.

Key Learnings: In certain scenarios, such as abemaciclib + fulvestrant, with an approximately
50% overall response rate (ORR), assessing ORR and duration of response in a subset of the
cohort of an ongoing RCT may be more informative as data to potentially support an AA, than a
single-arm trial to support AA followed by a Phase 3 RCT. In certain disease settings, there may
be benefit from endpoints other than ORR (e.g., PCR, ctDNA, MRD). However, additional evidence
is needed to validate and evaluate the correlation of these endpoints, such as changes in ctDNA,
with long-term outcomes to justify use as an alternative early endpoint to support regulatory
approval.

Case Study 2: Relatlimab-rmbw!? — Trial design to support an approval for a first-in-class drug
in the early metastatic setting.

Indication: Relatlimab-rmbw + nivolumab for adult and pediatric patients 12 years of age or older
with unresectable or metastatic melanoma.

Clinical Development Plan: An adaptive trial design for a first-in-class therapy in early metastatic
disease. Patients were randomized to either relatlimab+nivolumab or nivolumab in a Phase

2 study and enrollment paused for a pre-planned PFS interim analysis. The interim analysis
demonstrated benefit, thus triggering enroliment of additional patients into the Phase 3 RCT,
which had a primary efficacy endpoint of PFS and secondary OS and ORR (with hierarchical
testing) for full approval. In melanoma, there is a well-established correlation between PFS and
OS, supporting PFS as an adequate endpoint for full approval. The adaptive trial design allowed
for integration of Phase 2 with Phase 3 efficacy data.

Challen Highlighted: The level of evidence to support an approval for a first-in-class drug

in the early metastatic setting may be higher than in other settings where the mechanism of
action is well known. Additional considerations for trial design include the magnitude of benefit of
efficacy and use as a combination therapy.

Key Learnings: This scenario highlights when it may be necessary to investigate a new regimen
in earlier settings. As relatlimab was studied as a combination therapy with nivolumab, targeting
patients in the early treatment setting was necessary, as many r/r patients had received
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nivolumab (the control arm) in prior lines, and rechallenge with nivolumab was considered
inappropriate. Scenarios evaluating an add-on therapy may necessitate investigation in
earlier settings, given the need to demonstrate contribution of components and that the
add-on therapy provides additional benefit compared to monotherapy alone. Here, given
the mechanism of action of the drug, a significant ORR was not expected and therefore
assessing ORR in an attempt for AA was not likely to be successful. Additionally, it may not be
advantageous to aim for an AA if a full approval can be supported in the early setting with an
RCT. There is potential for an interim PFS analysis and an earlier readout to support AA, although
the Agency has discouraged this as interim PFS analyses may overestimate the true PFS. An
earlier PFS interim analysis may avoid exposing too many patients to a potentially inferior
therapy compared to SOC.

Case Study 3: Retifanlimab-diwr8 — Utility of an ongoing RCT, as single-arm study data may
not provide sufficient evidence to justify a regulatory decision when there is a low response
rate.

Indication: Retifanlimab for adults with locally advanced or metastatic squamous carcinoma of
the anal canal who have progressed on or who are intolerant of platinum.

Clinical Development Plan: A Phase 2 single-arm trial with ORR as the primary endpoint was
submitted to the FDA for AA with an ongoing randomized Phase 3 trial in an earlier setting to
provide confirmatory evidence.

Challenges Highlighted: A complete response letter (CRL) was issued identifying general
concerns with using the data from the single-arm trial for regulatory decision-making due to the
low response rate &.g., 13.8% for retifanlimab). Further, given the high prevalence of potentially
confounding factors in the intended population, determination of the safety and efficacy to
inform the benefit: risk assessment was challenging in the absence of a control arm.

Key Learnings: There is significant concern with submissions based on preliminary evidence of
benefit, particularly when the response rate is considered to be low. This scenario highlights the
need for a RCT to be ongoing, with enrollment complete or near complete, prior to any analyses
of the single-arm trial to support a regulatory submission for AA. If the drug receives AA, time

to confirmation of clinical benefit is faster, and if the ORR analysis is not supportive of an AA,

the RCT trial is already ongoing. Resulting data from the RCT will be more robust than a single-
arm trial with clinical efficacy and safety data evaluable. However, there may be concerns
raised by investigators about the ethics of initiating large Phase 3 trials when there is insufficient
preliminary evidence to support the hypothesis of benefit for a new therapy. Pre-planned interim
analyses for futility may be considered as one possible solution to this latter concern.
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PATIENT-FOCUSED DRUG DEVELOPMENT: ENSURING PATIENT-CENTERED TRIAL DESIGNS
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Further Endpoint Considerations for Clinical Trials

ORR

In settings where ORR is an established endpoint reasonably likely to predict clinical benefit, it
may be appropriate to consider an initial, well-designed statistical comparison of ORR in treat-
ment arms to support accelerated approval. This comparison should be powered to demon-
strate a clear clinical benefit, and what constitutes a clinically meaningful benefit in ORR depends
on the disease setting and should be agreed upon upfront, along with an agreed timeframe for
establishing durability of response. Analyses of ORR may require fewer patients than required to
support subsequent analysis of PFS or OS in the RCT. In general, it is preferred that enroliment be
mostly complete prior to ORR analysis and be conducted at a timepoint that allows adequate
characterization of durability of response, the latter being dependent on the disease setting.
When evaluating whether ORR should be included as an interim analysis to support AA, the tim-
ing of the readout in relation to other endpoints should be considered in addition to the appro-
priateness of the endpoint to predict clinical benefit in the specific disease and therapy setting.

PFS

In some cases, based on disease setting and regulatory precedence considerations, a PFS anal-
ysis may best support an initial submission for accelerated or regular approval. Additionally, with
some exceptions, the trial will need to be ultimately powered for OS. In these cases, enroliment
timelines may influence the timing of PFS readout, with PFS readout often occurring shortly after
enrollment completes. In scenarios where PFS interim analyses read out around the same time
as ORR, and the investigational therapy (alone or in combination) is not expected to increase
ORR, a PFS interim analysis to support AA may be considered. However, it is acknowledged that
the appropriateness of an interim PFS analysis is situationally dependent and must take into
consideration the relationship of PFS to OS to determine if the proposed analysis is fit for purpose.
The appropriateness of conducting interim PFS analyses in any specific clinical trial should be
discussed with the FDA, as interim PFS analyses may overestimate the true PFS. Additionally, in
certain disease settings with a long natural history, the time to OS analysis may be considerably
long, and PFS may be appropriate to confirm clinical benefit, depending on the disease, mecha-
nism of action of the drug, and market access considerations. If PFS is used as the primary clin-
ical endpoint for traditional approval, studies can be smaller, and ORR may be more feasible to
support AA.

(O}

Depending on the mechanism of action of the drug and disease setting, confirmation of clinical
benefit through OS analysis may be required. Powering a trial for OS, compared to PFS, can in-
crease the target enroliment size as well as enrollment duration. Given this, analyses for ORR and
PFS may reach maturity prior to full enrollment. It is important that clinical trials meant to verify
clinical benefit be substantially enrolled, as once results are public, it can be challenging to enroll
a sufficient number of US patients in the confirmatory study with enroliment often completed
based on non-US patients. If the study comprises a largely non-US population, it may be more
challenging to equate to US populations given differing SOC. To mitigate against such challeng-
es, the ORR analysis could be conducted for a pre-specified subset of enrolled patients that has
been agreed to with regulators, and while durability of response data are maturing, enroliment
continues such that at the time of submission of the application, enroliment is almost complete.
Another consideration in the early metastatic setting is the confounding of a patient receiving
subsequent therapies on the final OS analysis. This is a challenge in many frontline settings and
is a consideration when confirming benefit for an AA.

R
>
=
m
4
-
1
-
o
(2]
c
(2]
m
O
O
A
(=
@
O
m
<
m
-
o
v
<
m
4
=
m
z
(]
(=
2
4
@
v
>
=
m
4
-
1
(2]
m
z
-
m
A
m
O
-
2
>
-
O
m
2
@
z
(]







Real-World Evidence:
Leveraging RWD to
advance research
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Multi-Cancer Early Detection
Screening Tests: Considerations
for Use of Real-World Data

Introduction

Cancers that are detected in late stages generally have a worse prognosis compared to cancers
detected in earlier stages, when tumors are more amenable to effective and even curative
interventions.! Currently there are a limited number of cancer types with available minimally-invasive
standard of care (SOC) screening approaches to detect cancer earlier, and they are designed to
detect only a single cancer type.2 As a result, many cancers may go undetected or may be detected
at later stages when treatment may not be as effective and outcomes are worse. The observed
mortality benefit for screened cancers3-6 raises the possibility that safe and effective screening tests
for currently unscreened cancers may reduce cancer mortality for those cancer types.

Recent innovations enable the emergence of technologies that detect the presence of multiple types
of cancer from a sample of blood, i.e., a liquid biopsy. Multi-cancer early detection (MCED) screening
tests are a type of liquid biopsy intended to detect cancer-associated signals at early stages,
including cancers with and cancers without SOC screening modalities. Given the novel nature and
the unique challenges in clinical validation associated with multi-cancer screening approaches?,
there is an opportunity to explore innovative strategies for generating and assessing evidence to
robustly characterize the safety and effectiveness of MCED screening tests.

The safety and effectiveness of cancer screening tests are usually demonstrated through evidence
generation by clinical screening studies which use traditional data capture methods (e.g., electronic
data capture, case report forms, patient reported outcomes) and occur in a pre-specified, selected
population. To date, most screening studies designed to evaluate safety and effectiveness of FDA-
approved single cancer screening devices have been prospective and observational studies.8?
Data for some long-term clinical outcome endpoints, such as overall survival and cancer-specific
mortality, have been generated from prospective randomized controlled trials (RCTs) and rigorous
epidemiologic studies in the post-market setting (Figure 1).3-6
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g Tests and Incorporation of Real-World

Experimental Studies
Study design specifies screening exposure
or intervention in an intended use
population.

Observational Studies
Study design does not specify screening
exposure or require specified intervention.
Individuals are selected and monitored

Randomized Non-Randomized Cross-Sectional Case-Control Cohort
Controlled Trials Controlled Trials Study Study Study

Individuals Individuals Screened Endpoints of cases Screened

screened are screened are individuals have are compared to individuals are
randomly not randomly endpoint and test controls regarding followed to

allocated and allocated and result assessed prior screening ascertain

endpoints are endpoints are at a point exposure. endpoints.
measured. measured. in time.

RWD to Determine Patient Eligibility RWD as External Control Arm

and Outcomes RWD Case-Control Study

Linking RWD to Study Cohort

RWD Cohort Study

Evidence generation for screening tests can occur through experimental and observational studies, where RWD may be incorporated
in a variety of ways, including hybridized methods. This figure, which provides examples for use of RWD, is meant to be directional and
not intended to be a comprehensive list of study designs and objectives.

Conducting clinical screening studies, such as RCTs, to generate the appropriate evidence

of the clinical validity and utility of MCED screening tests may be logistically challenging.
Appropriately powering studies for each cancer type, particularly for rare cancers, requires
large enrollment numbers (i.e., on the order of tens of thousands of participants), extensive
resourcing, and one or more decades of longitudinal follow-up to demonstrate a cancer-
specific mortality benefit for individual cancer types across the large set of cancer types in

the intended use population.’o Additionally, highly-controlled clinical studies with protocol
screening and follow-up procedures (including diagnostic procedures) may not reflect the
real-world screening, adherence, and clinical practice, which also may evolve over time. To help
overcome these challenges with clinical screening studies, real-world data (RWD) may be able
to supplement data generated by clinical screening studies to assess MCED screening tests.
RWD are data collected during the course of usual patient care and can be used to generate
real-world evidence (RWE). For the purposes of this white paper, the group focused on RWD as
defined by FDA: Data relating to patient health status and/or the delivery of health care routinely
collected from a variety of sources, including electronic health records (EHRs), claims and billing
data, and product and disease registries.

The use of RWD to assess MCED screening tests to support regulatory decision-making requires
careful forethought to ensure the data collected can address key assessment questions,

while also acknowledging and planning for data necessary to support the test’s clinical utility,
as designing studies that include endpoints addressing both clinical validity and utility can
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support multiple purposes (e.g., regulatory decision making, reimbursement decisions, etc.).

To provide overarching considerations for generating evidence about MCED screening tests
using RWD, Friends of Cancer Research (Friends) assembled a multi-stakeholder group of
experts including government officials, MCED screening test developers, academic clinicians
and researchers, patient advocacy groups, and RWD partners and vendors. We first identified
endpoints to consider capturing in RWD and then reviewed opportunities for using RWD study
designs to support an understanding of MCED screening test safety and effectiveness. This work
complements that of others focused on assessment of MCED screening tests, exploring platform
trial designs, and identifying novel endpoints for evidence generation about clinical validity and
utility.

Objectives

When captured and analyzed appropriately, RWD can be used to generate RWE to evaluate the
safety and effectiveness of a medical product. The group focused on identifying opportunities
to generate meaningful RWE to supplement evidence for regulatory decision-making for MCED
screening tests, while also considering opportunities for data collection over the continuum

of evidence generation. Within the context of current study designs, RWE is likely to serve a
supplementary role and be part of the totality of evidence in an initial premarket application.
However, as our understanding of these novel tests evolves and the robustness of RWD is better
understood, the use of RWD may expand. This should ultimately be informed by conversations
between regulators and sponsors.

The group'’s objectives were to:

+ Identify potential endpoints (including performance metrics and clinical outcomes) that
could be captured from RWD sources to assess the clinical validity and utility of MCED
screening tests,

« Characterize opportunities and challenges associated with using RWD to support
assessment of MCED screening tests, and

« Highlight key considerations for using RWD to generate RWE to support assessment of MCED
screening tests.

Every assay may have unique characteristics that are not covered by this document. Further,
MCED screening technology is an evolving area, and as evidence continues to build, the
optimal approach for assessment of MCED screening tests may also evolve and adapt. MCED
test developers are strongly encouraged to submit a pre-submission to FDA to discuss the
details about their specific test.

RWE Generation for Assessment of MCED Screening Tests

MCED screening tests use various technologies to detect cancer signals, therefore evaluation
approaches may differ both across MCED screening tests and when compared to current
screening tests. Some MCED screening tests provide a likelihood score for the tissue of origin
(TOO), sometimes referred to as the cancer signal origin (CSO), while other MCED screening
tests prompt clinical follow up of positive test results using imaging modalities like whole
body PET-CT to identify the TOO. Additionally, analytic approaches to determine safety and
effectiveness in multiple cancers are different from a focus on a single cancer, as seen with
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currently available screening tests. These differences suggest a need for a review of the current
regulatory and evidence development paradigms to assess clinical validity and utility to inform
potential solutions.

RWD studies may offer some logistical advantages over clinical screening study designs. RWD
studies have the potential to provide data over a lengthy follow-up period to generate evidence
about long-term outcomes encompassing a large number of subjects in the intended use
population, including those with rare cancers. RWD also provides information reflective of the
real-world population setting about diagnoses, screening frequencies, biopsy compliance, and
treatment patterns, including as these may evolve over time. However, RWD is subject to its own
limitations due to the observational setting and the generation of RWD for administrative and
billing, rather than research purposes. These limitations can lead to issues with non-random
missing data, mismeasured data, and selection bias. Despite these limitations, RWD represents
an opportunity to explore and propose additional, pragmatic solutions to assess MCED
screening tests.

While clinical screening studies continue to be a key component and the foundational source
of evidence for in vitro devices, there may be opportunities for RWD studies to inform regulatory
decisions for MCED screening tests. Previously published FDA guidance notes that RWD of
sufficient quality may potentially be used to inform or support a particular regulatory decision
for medical devices and diagnostics, with the specific use determined by the specific type of
technology?, including use of RWD as:

+ Generating hypotheses to be tested in a prospective clinical study,

« A historical control, a prior in a Bayesian trial, or as one source of data in a hierarchical
model or a hybrid data synthesis,

+ A concurrent control group, or as a mechanism for collecting data in a setting where a
registry or some other systematic data collection mechanism exists,

« Evidence to identify, demonstrate, or support the clinical validity of a biomarker,

+ Evidence to support FDA approval or authorization,

« Support for a petition for reclassification of a medical device,

« Evidence for expanding the label to include additional indications for use or evidence to
update the labeling to include new information on safety and effectiveness,

« Public health surveillance efforts,

» To conduct post-approval studies that are imposed as a condition of device approval or to
potentially preclude the need for postmarket surveillance studies ordered under section 522
of the FD&C Act,

+ In certain circumstances, for use in generating summary reports of Medical Device Reports
(MDRs), and

+ To provide postmarket data in lieu of some premarket data.l

Key Questions for Assessment of MCED Screening Tests

To assess MCED screening tests throughout the product life cycle (e.g., premarket, post-market
data collection, benefit-risk determinations), the working group identified key questions to frame
necessary evidence generation, endpoints, and data:
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1. Performance Characteristics: How well does the MCED screening test detect cancer? How
early does the test detect cancer?

2. Safety: What are the health burdens/harms of MCED screening tests, including the
diagnostic confirmation process?

3. Clinical Outcomes and Utility: How does an MCED screening test impact cancer outcomes?
Continuum of Evidence Generation

The working group mapped out these key questions in the context of the continuum of evidence
generation, which can be supported by data from both prospective clinical screening studies
and RWD sources (Figure 2). To help answer these questions, we identified a list of possible

endpoints to consider.

Figure 2: The Continuum of Evidence Generation and Proposed Endpoints to Help
Answer Key Questions

Continuum of Evidence

Generated by Evolving use of Clinical Screening Studies and RWD Studies

Clinical Performance Clinical Outcomes
Clinical Sensitivity Device Related Adverse Events Short-Term Long—Term
Clinical specificity Procedure-Related Complications Stage Shift All-Cause Mortality
Positive Predictive Value Adhearence to SOC Screening Late-Stage Cancer All-Cancer Mortality
Negative Predictive Value FDIEOWI-ng rest . . Incidence Five-Year Cancer Specific
Cancer Detection Rate Frequency O;;js:lmie:mt? Diagnostic Proportion of Cancers Survival
Amenable to i_)ef|ln|1|ve Local P nerOverall Sumi
Number and Type of Follow-Up Intervention

Procedures Performed Progression-Free Survival

Evidence can be generated to assess MCED screening tests by clinical screening studies using traditional
data capture methods and/or RWD sources, with the types of studies evolving over time and purpose of
evidence generation. Possible endpoints to consider for generating evidence are highlighted along the
continuum of clinical validity and utility. The specific endpoints necessary to establish clinical validity and
utility may vary depending on the technology. The safety and clinical outcomes endpoints require the use
of the test in patient management.

Intended Use Considerations for Evidence Generation
Evidence generation should be conducted in the intended use population. Designing the study
plan and identifying appropriate endpoints will be influenced by the intended use of the test, as

well as the interval of MCED test screening, with considerations including:

+ The TOO component of the test. While MCED screening tests detect cancer-associated
signals generally, regulatory expectations are for the TOO to be identified, either with TOO
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ascertainment built within the assay capabilities and followed by diagnostic confirmation, or
by a follow-up methodology (e.g., PET-CT) after a cancer signal is detected.

+ The intended use population on the label. The MCED screening test’s intended use
population defined on the assay label may differ among tests, including age cut-
offs, specific types of cancers detected, point of use in the clinical care pathway (e.g.,
complement of the test to SOC screening tests), and risk profile of individuals eligible for the
test. For example, the test may be intended for only high-risk populations, including those
with a genetic predisposition, occupational or environmental exposure, a history of cancer,
or specific lifestyle factors.

Potential Endpoints to Evaluate MCED Screening Tests

To understand what data are needed to assess MCED screening tests in the various phases of
evidence generation, the working group defined possible endpoints that assess clinical validity
and clinical utility in the context of the key questions that were asked. Clinical validity is the
ability of the test to accurately identify cancer, as well as identify TOO, while clinical utility is the
likelihood that patients managed in accordance with test results will demonstrate improved
health outcomes, such as a reduction in late-stage cancer diagnoses and mortality.”2 Many of
these endpoints encompass both clinical validity and utility. Analytical validity, which confirms
that the test accurately measures the target analytes in the blood, is assumed to have been
established as part of product development and is not included in the scope of this work. As
indicated above, specific endpoints may vary depending on the intended use population of the
MCED screening test. Appendix Table 1 provides aligned definitions for each of the proposed
endpoints and is not meant to be a comprehensive list of endpoints.

Performance Characteristics: How well does the MCED screening test detect cancer?
How early does the test detect cancer?

It is critical to determine that an MCED screening test detects cancer, including at an earlier
stage than it would otherwise be clinically diagnosed. The evidence should show that the MCED
screening test returns a positive result in individuals who have cancer (sensitivity), while also
providing a negative result for individuals who do not have cancer (specificity).

Cancers vary in preclinical latency, and MCED screening tests will vary in sensitivity per cancer,
and across stages, based on a variety of factors unique to each test. Therefore, performance
should be reported both in the aggregated form for all cancer detection, as well as for individual
cancer types, with performance stratified by stage. In general, screening test sensitivity and
specificity are initially assessed via retrospective evaluations, such as case-control studies, in
which pathologically confirmed cases and suspected non-cases are examined.1314

The observed sensitivity and specificity in the intended use population will depend on the
diagnostic accuracy of the confirmatory diagnostic test (e.g., PET-CT), which may differ for
different cancers. Therefore, it is important to document the evaluation workflow, and develop
methods to address the imperfect accuracy of the confirmatory tests.
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In the prospective screening setting, sensitivity and specificity are challenging to assess. One
method to establish true sensitivity and specificity would be to require full body imaging and
pathological confirmation of all individuals for all cancers included in the test, but this method
would be impractical because of an undue burden for patients. An approximation of screening
test sensitivity can be given by the ratio of screen-detected cancers to the sum of screen- and
interval-detected cancers at a given point in time.15-17 This estimate of screening test sensitivity
may be affected by multiple factors including overdiagnosis, preclinical latency, previous
screening history, and the time interval chosen. This estimate may deviate from the true
sensitivity and will not necessarily match estimates obtained from already-diagnosed cases.'819

Just as an MCED screening test may exhibit variability in its ability to detect different cancers,
there may also be variability in TOO accuracy. The same is true for TOO assessment by PET-
CT, in which the accuracy differs for different cancer types. Therefore, performance should
be reported in aggregate form for all cancers, and on a per-cancer basis based on TOO
assessment.

Additional measures of diagnostic performance under prospective screening are the positive
and negative predictive values (PPV and NPV). A high PPV implies a low rate of unnecessary
confirmation tests or biopsies, but alone is not a reliable indicator of the likely benefit of the test.
Time elapsed without a confirmed cancer diagnosis after a negative test result could be used
to determine the NPV; in this case a long interval without cancer following a negative test would
indicate that the test was a true negative. The necessary monitoring time for individuals with a
negative test result will depend on the cancer type, its given natural history, the effectiveness of
the related diagnostic workup, and the interval for any established SOC screening for the cancer

type.

Performance Characteristics Endpoints Include (Calculated based on detection of cancer
signal and cancer signal detection +TOO):

e Clinical Sensitivity

« Clinical Specificity

- Positive Predictive Value

« Negative Predictive Value

- Cancer Detection Rate

Safety: What are the health burdens/harms of MCED screening tests, including the
diagnostic confirmation process?

Although not specific to MCED screening tests, FDA has released general guidance that details
considerations for the assessment of probable benefit and risks/harms of a device, including
the risks of adverse events directly related to the test as well as those related to the follow-up
diagnostic procedures after a positive test result. Adverse events include both physical and
psychological negative occurrences. Additional evidence generated from patient reported
outcomes regarding quality of life and anxiety may support an understanding of these adverse
events.20 Although not specific to MCED screening tests, based on this guidance, the timing of an
assessment of safety should include the interval from administration of the MCED screening test
until the determination of cancer status is complete.
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There are many facets of MCED screening tests’ safety that will factor into the benefit-risk
assessment. The first safety concern is how a positive MCED screening test result impacts an
individual’s health care journey due to follow-up procedures to establish a definitive diagnosis.
It will be important to analyze the number and type of follow-up procedures performed, any
complications, and the frequency and time to diagnostic resolution. Lack of a diagnostic
resolution following a positive MCED test could lead to adverse effects on an individual's quality
of life. Theoretically, if MCED screening tests detect cancers that would otherwise go undetected,
in the short-term, more surgeries and procedures may occur leading to more safety concerns;
however, over a longer term, the net safety profile may improve since the individual may avoid
complications and costs associated with diagnosis of (and treatment for) their cancer at later
stages. Stratifying the safety outcomes by cancer type will also be important, as the benefit-risk
profiles for the diagnostic resolution will vary across cancer types.

The second safety concern is how MCED screening might impact SOC screening. Tests currently
in development are expected to have multiple intended uses, including complementing SOC
screening. For such tests, whether individuals tested adhere to SOC screening may inform

their impact and implications, so SOC screening among individuals who have such an MCED
screening test should be recorded to determine if there are changes.

Safety Endpoints Include:

- Device Related Adverse Events (Physical and Psychological)

«  Procedure-Related Complications (Physical and Psychological)

* Adherence to SOC Screening Following Test

« Frequency of Confirmation Diagnostic Tests and Time to Diagnostic Resolution
*  Number and Type of Follow-Up Procedures Performed

Clinical Outcomes and Utility: How does an MCED screening test impact clinical cancer
outcomes?

To demonstrate that MCED screening tests improve clinical outcomes, evidence must show the
test detects cancers that are otherwise undetected before symptoms appear (i.e., at earlier
stages) and reduces morbidity and mortality associated with cancer and its treatment. It is
important to evaluate endpoints that measure both short-and long-term outcomes.

Short-term endpoints ascertained shortly after the determination of cancer status can support
evidence that the test detects cancer earlier and may ultimately translate into improvements in
cancer-specific morbidity or mortality (e.g. reductions in late-stage cancer diagnosis). Defining
early-stage cancer will likely be cancer type specific but can be considered to mean cancers
generally amenable to local intervention for curative intent, whereas late-stage cancers usually
cannot be cured via localized treatments. Stage shift is a possible surrogate for the impact of
an MCED screening test on disease mortality. There is a concern that increasing the proportion
of early-stage cancers may lead to overdiagnosis without any effect on late-stage detection?,
therefore, a decrease in incidence of late-stage disease is more informative to support an
understanding of the likely implications of stage shift.
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Long-term endpoints require data capture over multiple years, such as survival and mortality,
and are necessary because short-term endpoints may not translate into longer term reductions
in morbidity and mortality. Disease-specific mortality is the primary measure of clinical utility
for cancer screening trials and the most reliable indicator of whether a cancer screening test
reduces deaths from cancer.22 Other long-term and short-term endpoints can complement
this primary endpoint but can be difficult to interpret on their own. All-cause mortality has been
discussed as an endpoint in single-cancer screening studies but may not be sensitive enough
to discern screening benefit.23 Survival endpoints can also be difficult to interpret due to lead-
time and length bias.24 The limitations and potential biases impacting interpretability of each
of these endpoints should be carefully noted. As with the clinical validity endpoints described
above, assessing the clinical utility by cancer type, in addition to all-cancer, will be important.

Clinical Outcomes Endpoints Include:
e Short-Term Endpoints
« Stage Shift
« Late-Stage Cancer Incidence
* Proportion of Cancers Amenable to Definitive Local Intervention
* Progression-Free Survival
* Llong-Term Endpoints
* All-Cancer Mortality
¢ All-Cause Mortality
» Five-Year Cancer Specific Survival
« Five-Year Overall Survival

Proposed Data Elements Necessary to Generate Evidence

Generating evidence for the endpoints described above will require rigorous data capture
with appropriate ontologies and validated definitions, including specific data elements
(suggestions included in Table 1). It will also be critical to identify and capture the selection
factors that characterize the individual receiving an MCED screening test to understand the
representativeness of this population and generate a list of potential confounding or selection
variables for comparative and causal studies. Further, it will be important to capture any
comorbidities or risk factors for cancer that the individuals have, as comorbidities may influence
long-term outcomes, and risk factors for cancer can provide additional information about the
risk profile of the population receiving the MCED screening test. Previous FDA guidance, not
specific to MCED screening tests, for selecting the study population recommends including
individuals across the entire range of disease states, with relevant confounding medical
conditions, and across different demographic groups to prevent bias in estimates of test
performance.25 An obstacle to unbiased clinical utility analyses includes potential differences
in the post-diagnosis treatment pathways for those who receive the test and those who do
not. Therefore, collecting treatment information to understand treatment pathways following
diagnosis will be valuable.
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Table 1: Suggested Data Elements to Consider for Evidence Generation to Support

Assessment of MCED Screening Tests

Category Data Elements Endpoint Category

* Age at Time of Test

e Gender

« Race/Ethnicity

Patient Characteristics | ° Socioeconomic Status Demographics/lntended Use
e Insurance Status

¢ Access to Care for Diagnosis and
Treatment

e Comorbidities

¢ Family History

¢ Smoking History

¢ Alcohol Use

» Obesity, Diet, and Exercise
Cancer Risk Factors . ) . Demographics/Intended Use
» Genetic Predisposition

e Prior Cancer History (Cancer Type,
Diagnosis Date, Previous
Treatments)

e Other Risk Factors

¢ Reason for Test Administration

e Test Administered .
MCED Screening Test Clinical Performance,
Administration e Test Result (Positive/Negctive and ¢
TOO) Sa ety

o Adverse Events with Administration

¢ Adherence to Appropriate SOC

Screening Methods Clinical Performance,

SOC Screening
Safety

» SOC Screening Results
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¢ Imaging Recommended and
Performed

 Biopsy Recommended and Performed

e Other Procedures Recommended and
Performed for Definitive Diagnosis

« Results from Definitive Diagnostic Clinical Performance,
Clinical Confirmation | Procedures (Cancer Present/Absent)
Safety
« Time to Diagnostic Resolution

¢ Adverse Events with Confirmatory Pro-
cedures

« Other Cancer(s) Detected that were
Not Tested for or were a Negative
Result using the MCED Test
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¢ TOO
¢ Stage
* Histology -
Cancer Clinical Performance,
Characteristics * Subtype

Clinical Outcomes

 Method of Detection (if cancer is not
detected by the MCED screening test,
such as clinical findings, symptoms,
etc.)

« Relevant Treatments for Cancer, Safety,

Cancer Treatment Including Doses and Duration

Clinical Outcomes

o Living Status (Dead/Alive)

¢ Duration of Clinical Follow-Up
¢ Cause of Death, if applicable
Clinical Outcomes Clinical Outcomes
« Progression or Metastasis (and time)
¢ Disease-Free Survival

» Morbidity

Adapted and modified.26




RWD Study Design Informed by Characteristics of Cancer Types

One key factor to consider regarding the benefit-risk profile is the characteristics of the specific
cancers reported by the MCED screening test. While MCED screening tests detect the presence
of a cancer signal in general, it will be important to consider specific cancer characteristics
including the incidence and availability of SOC screening modalities, and aggressiveness (or
natural history) of the cancer types being evaluated.

Incidence

Cancers with low incidence may be difficult to assess using non-RWD clinical screening studies,
and therefore are more likely to have limited evidence to understand the benefit-risk profile for
these cancers. RWD enables an analysis of the performance of MCED screening tests on a scale
(tens to hundreds of thousands) that is difficult to achieve in a time- and cost-effective manner
with traditional clinical screening studies, allowing for evidence generation for rare cancers.
Moreover, RWD is also valuable to use in studies that evaluate test performance for cancers
that have moderately high incidence and may require large numbers to sufficiently power the
analysis.

Existence of Recommended Standard of Care Screening

Cancers with SOC screening recommendations may have more standardized pathways

that allow for aligned RWD capture compared to those without such recommendations. For
example, cancers with existing United States Preventive Services Task Force (USPSTF) AorB
recommendations (breast, cervical, colorectal, and lung cancer) have standard diagnostic
pathways which can be captured routinely in RWD. As a result, the follow-up to clinically confirm
cancer is more aligned across settings, which can help standardize collection and assessment
of RWD for endpoint measurements. In cancers without SOC screening, there may be higher
variability in the workup for diagnostic confirmation, creating challenges for the use of RWD to
ascertain cancer diagnoses.

Natural History

Variations in the natural history, or aggressiveness, of different cancer types may also affect
data capture and evidence generation. Indolent cancers grow slowly and rarely metastasize

or contribute to cancer-related death, resulting in better clinical outcomes. Conversely, highly
aggressive cancers usually form, grow, or spread quickly, generally resulting in worse morbidity
and mortality outcomes.! Therefore, the time frame for RWD data captures will be influenced by
the natural history and aggressiveness of the cancer (e.g. time to ascertain false negative).

Types of RWD Study Design for MCED Screening Test Assessment

RWD may be incorporated into study designs in a variety of ways, with varying levels of reliance
on the RWD in the overall study design, and may include hybrid methods incorporating RWD
with traditional study data (Figure 1).27 At one end of the spectrum, traditional RCTs may use
RWD elements, such as selected outcomes identified using EHR or claims data. In the middle are
trials in clinical practice settings that may be RCTs with pragmatic designs or single arm studies
using a RWD external control arm. Lastly, studies may be designed to collect data following a
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‘usual care’ model that is not mandated by study protocol, captured completely through RWD,
either with data collection designed prospectively or using existing data infrastructure. One
potential strategy to improve data quality, consistency, and completeness is to prospectively
design data capture, such as the use of a registry specifically designed for assessment of MCED
screening tests. Determining the best study design to support the assessment of a specific
MCED screening test will require discussions between the test developer and FDA. Examples

of possible use cases for RWD are highlighted in Table 2, illustrating the advantages and
challenges associated with use of RWD. The possible use cases provided are suggestions and
should not be viewed as prescriptive.

The value of RWD depends on the data quality, consistency, and completeness. FDA has
previously and generally outlined how to determine whether RWD is fit-for-purpose (not for
MCED screening tests).2’ FDA does not endorse a particular RWD source but assesses the
relevance and reliability of the source and its elements for appropriate use. If RWE is generated
from multiple RWD sources, each RWD source must be evaluated individually as well as in
aggregate to determine appropriate use.!

Further guidance may be helpful to clarify the appropriate RWD sources, types of data
important to capture, and considerations for capture specific to MCED screening tests. For
example, evaluation of clinical performance measures in the RWD setting may be subject to
selection bias, as patients who receive an MCED test may be systematically different from those
who do not, in terms of patient characteristics and disease risk. Further, patients who select
MCED testing, and those who receive a positive versus negative test result, may receive different
follow-up imaging tests and treatments than those who do not. Accounting for these differences
while determining appropriate comparison groups and study designs will be critical. Further,

as RWD sources have increased in availability and accessibility, the comparative effectiveness
community has generated a host of analytic methods designed to address these challenges to
be able to validly draw inferences about the risk and benefit of interventions based on RWD.28-30
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REAL-WORLD EVIDENCE: LEVERAGING RWD TO ADVANCE RESEARCH
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Conclusions

This white paper helps identify possible endpoints for assessing MCED screening test
performance and characterizes opportunities for capturing these endpoints from RWD. RWE
generated from the application of MCED screening tests in the real-world intended use
population may help supplement data generated in non-RWD clinical screening studies and
may be used to inform regulatory decisions. It is critical that the MCED test developer and
regulator align on a plan for the types of data and evidence generation necessary to support
regulatory decision-making about the MCED screening test, including approval and post-
approval studies to update or expand the label or provide additional supportive evidence.

In addition to this working group, there are many ongoing efforts surrounding the development,
assessment, and use of MCED screening tests to support robust characterization of the safety
and effectiveness of MCED screening tests while facilitating development and continued
innovation for these technologies in a timely manner. Discussions with our working group
highlighted the need for alignment on terminology used in MCED screening test development,
validation, and evaluation, and an effort by BloodPAC is underway to develop a lexicon for

the field. Further work is also needed for the design of clinical screening studies evaluating

the clinical validity and utility of MCED screening tests. The National Cancer Institute (NCI) is
evaluating the landscape of study designs and seeking to potentially launch a multi-arm, multi-
stage, pivotal RCT to evaluate multiple MCED screening tests in the years ahead.d!

While we have suggested possible data elements and endpoints to capture in RWD, work is still
needed to federate data into a common model for ease of future analyses. Another area that
needs attention is the use of machine learning and artificial intelligence by many of the MCED
screening tests to determine cancer status. RWE can enable real-world learning and evaluation
of these technologies as they enter clinical practice, helping to achieve the goal of a learning
healthcare system. There may be a role for RWE in periodic (post-market) re-evaluation of
MCED screening tests utilizing machine learning to assess the real-world performance of initial
and future versions of these tests.

We hope this document supports efforts to collect robust, consistent, and relevant data from
various studies and helps optimize evidence generation to facilitate development of MCED
screening tests and integration into clinical care.

Disclaimer. This paper reflects discussions that occurred among stakeholder groups, including
governmental agencies, on various topics. The topics covered in the paper, including
recommendations, therefore, are intended to capture key discussion points. The paper should
not be interpreted to reflect alignment on the different topics by the participants, and the
recommendations provided should not be used in lieu of FDA published guidance or direct
conversations with the Agency about a specific development program. This paper should not
be construed to represent views or policies of the US Federal Government.
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Glossary

Cancer: A disease in which cells grow and proliferate uncontrollably, not including pre-
cancerous lesions.

Clinical Screening Studies: Prospectively designed studies in the intended use population using
traditional data capture methods (e.g., electronic data capture, case report forms, patient
reported outcomes).

Clinical Utility: The likelihood that use of a test will change the management of patients and,
by doing so, improve health outcomes, including, for example, safety, morbidity, quality of life,
resource utilization, or survival and mortality.12

Clinical Validity: The accuracy with which a test identifies, measures, or predicts the presence or
absence of a clinical condition in a patient (e.g. the likelihood that someone with a positive test
actually has the specified cancer).2

Early-Stage Cancer: Specific TNM stage will vary depending on cancer type but is generally a
localized cancer amenable to local intervention for curative intent.

Late-Stage Cancer: Specific TNM stage will vary depending on cancer type but is generally a
cancer that has metastasized, and is not amenable to localized intervention.

Liquid Biopsy: The detection of biomarkers using only a blood or fluid sample.

Multi-Cancer Early Detection (MCED) Screening Test: Assays using different technologies to
detect cancer-associated biomarkers, such as circulating tumor cells, tumor DNA, and other
analytes, to screen for cancers in a defined patient population.

Real-World Data (RWD): Data relating to patient health status and/or the delivery of health care
routinely collected from a variety of sources, including electronic health records (EHRs), claims
and billing data, and product and disease registries.n

Real-World Evidence (RWE): The clinical evidence regarding the usage, and potential benefits or
risks, of a medical product derived from analysis of RWD."

Tissue of Origin (TOO): The tissue source of the primary cancer (e.g. breast, lung, etc.); also,
sometimes referred to as Cancer Signal Origin (CSO).
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Appendix Table 1: Defining Endpoints for Evaluating MCED Screening Tests

Category Endpoint Definition

All-Cancer Sensitivity: The proportion of subjects with
clinically confirmed cancer in whom the MCED screening
Clinical Sensitivity test was positive.

*Calculated based on
detection of cancer and
cancer detection+TOO, Cancer-Specific Sensitivity: The proportion of subjects
both stratified by stage with a specific clinically confirmed cancer type (e.g.,
breast cancer) in whom the MCED screening test
accurately identified that specific cancer type.

Clinical Specificity * Calcu-
lated based on detection of
cancer and cancer detec-

All-Cancer Specificity: The proportion of subjects
without clinically confirmed cancer of any type in whom
the MCED screening test was negative.

tion+TOO
Clinical . .
Performance All-Cancer PPV: The proportion of MCED screening test
positive subjects who have any clinically confirmed
Positive Predictive Value cancer.

(PPV) * Calculated based
on detection of cancer and

cancer detection+TOOQO,
both stratified by stage (if | Cancer-Specific PPV: The proportion of MCED screening

applicable) test positive subjects with the TOO accurately identified
(e.g., breast cancer) who have clinically confirmed
cancer of that type.

Negative Predictive Value The proportion of MCED screening test negative subjects
(NPV) who do not have cancer of any type.

The proportion of cancers detected by the MCED
screening test out of the cancers expected in the

Cancer Detection Rate population monitored over a defined period of time
(requiring a control arm or acceptable external reference
cohort).
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Safety

Device Related Adverse
Events (AEs) Serious vs.
Non-Serious Events

Any untoward medical occurrence (physical or
psychological) directly before, during, or directly after
the MCED screening test is administered that is directly
attributable to the test.

Serious events include: events that may have been or
were attributed to the use of the device and produce an
injury or illness that is life-threatening, results in
permanent impairment or damage to the body, or
requires medical or surgical intervention to prevent
permanent harm to the body.20

Procedure-Related Compli-
cations *Stratified by TP vs.
FP, Cancer Type, and Seri-
ous vs. Non-Serious Events

Any harm to screened individuals that is not directly
attributable to the test itself but relates to any untoward
medical occurrence (physical or psychological) after the
MCED screening test is administered until definitive
diagnosis (i.e, determination of cancer status).

Adherence to SOC Screen-
ing Following Test *Stratified
by Test-Positive and Neg-
ative

The proportion of subjects who have all their USPSTF A or
B recommended cancer screening tests (e.g.,
mammogram, colonoscopy, low-dose chest CT, and
cervical screening) completed within the recommended
period.

Frequency of Confirmation
Diagnostic Tests and Time
to Diagnostic Resolution

The time between receiving a positive MCED screening
test result and determination of both the presence or
absence of cancer, and specific cancer type.

Number and Type of Fol-
low-Up Procedures Per-
formed *Stratified by TP vs.
FP, Cancer Type, and Inva-
sive vs. Non-Invasive Events

The number and type of medical procedures performed
after the MCED screening test is administered that
support the definitive diagnosis.

Clinical Outcomes

Short-Term Outcomes

Stage Shift

*Stratified by Cancer Type

An increase in the proportion of cancers detected in
early- versus late-stage disease with and without the
MCED test, with a concurrent decrease in the proportion
detected in late-stage disease.

Late-Stage Cancer Inci-
dence

*Stratified by Cancer Type

The number of new cancer cases diagnosed at a late
stage per 100,000 people per year.

Proportion of Cancers
Amenable to Definitive
Local Intervention

*Stratified by Cancer Type

The proportion of cancers diagnosed in the specified
population where definitive, curative, local intervention is
clinically feasible.
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Clinical Outcomes

Progression-Free Survival

*Stratified by Cancer Type

The length of time from diagnosis of cancer to first
clinical evidence of disease progression.

Long-Term Outcomes

All-Cause Mortality

The total number of deaths occurring in the population,
regardless of the cause of death, in a specified time
period.

All-Cancer Mortality

*Stratified by Cancer Type

The total number of deaths occurring in the population
due to cancer in a specified time period.

5-Year Cancer Specific Sur-
vival

*Stratified by Cancer Type

The probability of surviving cancer in the absence of
other causes of death in a 5-year period.

5-Year Overall Survival

*Stratified by Cancer Type

The percentage of patients alive in the population five
years after their cancer diagnosis.
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ABSTRACT ARTICLE HISTORY
Randomized controlled trials (RCTs) are the gold standard for evaluation of Received 25 February 2021
new medical products. However, RCTs may not always be ethical or feasible. Accepted 19 November 2021
In cases where the investigational product is available outside the trial (e.g., KEYWORDS

through accelerated approval), patients may fail to enroll in clinical trials or External control arm:
drop out early to take the investigational product. These challenges to propensity score; oncology;
enrolling or maintaining a concurrent control arm may compromise timely non-small cell lung cancer;
recruitment, retention, or compliance. This can threaten the study’s integrity, clinical trials
including the validity of results. External control arms (ECAs) may be

a promising augmentation to RCTs when encountered with challenges that

threaten the feasibility and reliability of a randomized controlled clinical trial.

Here, we propose the use of ECAs created from patient-level data from

previously conducted clinical trials or real-world data in the same indication.

Propensity score methods are used to balance observed disease character-

istics and demographics in the previous clinical trial or real-world data with

those of present-day trial participants assigned to receive the investigational

product. These methods are explored in a case study in non-small cell lung

cancer (NSCLC) derived from multiple previously conducted open label or

blinded phase 2 and 3 multinational clinical trials initiated between 2004 and

2013. The case study indicated that when balanced for baseline character-

istics, the overall survival estimates from the ECA were very similar to those of

the target randomized control, based on Kaplan-Meier curves and hazard

ratio and confidence interval estimates. This suggests that in the future,

a randomized control may be able to be augmented by an ECA without

compromising the understanding of the treatment effect, assuming suffi-

cient knowledge, measurement, and availability of all or most of the impor-

tant prognostic variables.
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1. Introduction

Randomized controlled trials (RCTs) are the gold standard for measuring the effects of interventions
or treatments on outcomes, but in some settings a randomized control may not be an option for
reasons such as lack of equipoise, no options for a control treatment, or an inability to enroll
a sufficient number of patients (FDA 0000). In addition, feasibility or cost concerns (Ali et al. 2019)
may preclude the RCT and lead to the use of single arm trials to obtain preliminary evidence of efficacy
in early phase trials; such trials have most often been used in oncology and rare disease.

External controls - mainly in the form of benchmarking or references to study-level summary
outcomes reported in published literature — have been used over many years to assess the likely effects
of investigational therapies in single arm trials where randomization is not an option (Ghadessi et al.
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2020). However, the investigational group and the aggregated study group may not be comparable in
terms of the patients’ pretreatment characteristics, so direct comparison of outcomes might yield
a biased estimate of the treatment effect (Guidance for Industry: E9 Statistical Principles for Clinical
Trials 1998; Guidance for Industry: E10 Choice of Control Group and Related Issues in Clinical Trials
2001).

Propensity score methods are often used in observational studies to estimate the effects of treatment
or exposure when the groups that are being compared might have systemic differences. The same
methodologies can be applied to interventional studies, such as clinical trials when randomization is
not implemented, and where external controls are being used. Such external controls utilizing patient-
level data and propensity score methods for balancing baseline composition are referred to by many
names, such as synthetic control arm, historical control arm, and non-experimental control. We utilize
the term ‘external control arm’ as a general term for a control arm that is not enrolled or randomized
concurrently to the investigational arm of interest and to stress that the statistical principles under-
lying this nonrandomized comparison are not new, although they are being applied in a novel way, in
the setting of medical product development.

The propensity score is defined as a subject’s probability of receiving a treatment conditional on
observed baseline characteristics (Austin 2011a). Conditional on the true propensity score, subjects
who are in the investigational and external control arms have similar distributions of observed (but
not necessarily unobserved) baseline covariates. This allows for a fairer estimation of the treatment
effects by allowing researchers to use these propensity scores in matching, weighting, covariate
adjustment or subclassification to equate the treatment and control groups on the observed char-
acteristics (Austin 2011a; Austin and Mamdani 2006; Rosenbaum 1987; Rosenbaum and Rubin 1983).
However, attention should also be given to the possibility of differences in unobserved baseline
covariates. Sensitivity or tipping point analyses are crucial in exploring how unmeasured or unknown
key prognostic factors which cannot be balanced may impact the estimate of the treatment effect
(Friends of Cancer Research White Paper 0000; Liu et al. 2013).

We now turn to a discussion of the four key ways of using propensity scores to create groups that
are balanced with respect to the observed covariates.

In propensity score matching, matched sets of investigationally treated and external control
subjects with similar propensity scores are constructed. If the matched sets have similar distributions
of baseline covariates, then inferences can be made about treatment effects by directly comparing
outcomes (Imbens 2004). A spectrum of matching algorithms has been developed, for example, k:1,
variable ratio, full matching, greedy matching or optimal matching, with or without replacement, with
or without caliper, etc. (Stuart 2010).

Weighting using the propensity score involves weighting the treatment and control groups to have
similar covariate distributions. Inverse probability of treatment weighting is a common weighting
approach, where the weight of each individual is calculated as the inverse of their probability of
receiving the treatment that they actually received (Allan et al. 2020; Austin 2011a). This means that
the weight of a treated subject is equal to the inverse of the subject’s propensity score, and the weight of
a control subject is the inverse of the subject’s probability of being assigned to the control group (i.e.,
one minus the subject’s propensity score). Alternative weighting techniques using propensity scores,
such as weighting by odds of propensity score (Morgan and Todd 2008) can be used to estimate the
“average treatment effect on the treated” (ATT) (Austin and Stuart 2015; Morgan and Todd 2008).
A newly developed approach called the overlap weighting method can be considered when extreme
propensity scores are of concern (Li et al. 2019).

Stratification (or sub-classification) on the propensity score entails ranking subjects based on their
estimated propensity score, and placing them into mutually exclusive subsets based on previously
defined propensity score thresholds. Often, five or more subsets are used; however, there is no
consensus on the optimal number of subsets, and more are often needed for sufficient bias reduction.
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Table 2. Eligibility criteria for patients from previously conducted clinical
trials.

(1) Inclusion in a previously conducted clinical trial accessible within
this project

2) NSCLC stage Il or IV at baseline

3) Received prior platinum-based chemotherapy

4) Men and women = 18 years of age

5) Eastern Cooperative Oncology Group (ECOG) performance status of
<2

(6) Had measurable disease

(7) Assigned to receive docetaxel as study treatment

Table 3. Clinically important baseline covariates utilized in propensity
score estimation.

1) Age at baseline (continuous)

2) Years from cancer diagnosis (continuous)

3) Race (White vs Others)

4) Sex (Female vs Male)

5) Smoking (Current vs Former vs Never)

6) Histology (Squamous vs Non-squamous)

7) Stage (Il vs IV)

8) ECOG (0vs 1vs2)

9) Prior surgery (Yes/Maybe vs No)

0) EGFR/KRAS mutation (Positive vs No/Unknown)

Finally, covariate adjustment using the propensity score involves regressing the outcome variable
on an indicator variable that denotes treatment status and the propensity score. Instead of simulta-
neously including many covariates, the regression models for the outcome analysis can simply include
one single propensity score in place of those covariates. A linear regression model may be selected for
continuous outcomes, while a logistic regression model may be chosen for dichotomous outcomes and
a survival analysis model such as the Cox regression model may be used for time-to-event outcome.

In the context of simulating a randomized controlled trial, propensity score matching, weighting,
and stratification have an important advantage over covariate adjustment by the propensity score.
Propensity score matching, weighting and stratification can separate the analyses undertaken to
balance the treatment groups (analogous to the design of a study) from analyses examining outcomes.
Covariate adjustment does not have a distinct step for assessing covariate balance and directly uses the
propensity score as a covariate in the outcome analysis. Separation of the balancing step from the
analysis of outcomes is advantageous since it allows the usual clinical trial design feature of pre-
specifying primary and secondary efficacy analyses and methods to be mirrored. This helps to avoid
criticism of cherry picking the most favorable results. In addition, the covariate adjustment approach
can be sensitive to the model specification, and generally does not lead to as much bias reduction as the
other propensity score methods described.

For the remainder of this paper, we focus primarily on propensity score matching. This approach is
appealing in its similarity to a 1:1 randomized trial in that all patients contribute approximately equally
to a direct comparison of two groups. Similar case studies could be conducted using propensity score
weighting or stratification.
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2. Motivating example/case study

The case study is based on multiple previously conducted clinical trials in non-small cell lung cancer
(NSCLC) and examines whether an external control arm (ECA) can provide similar overall survival
estimates to a randomized control arm from an RCT. One of the trials, a randomized controlled
completed study, was defined a priori as the target trial and patient-level data from control arms of all
other trials were utilized in the creation of the ECA. Individual patients for the ECA were selected from
the previously conducted clinical trials to match the control patients in the target trial in terms of key
baseline characteristics and prognostic factors, and using propensity score matching. This contrasts
with other external controls, such as benchmarking with wholesale study level results from historical
clinical trials, where comparability of baseline composition is often not assured.

2.1. Previously conducted clinical trials

The previously conducted clinical trials data used in this case study originated from open label
or blinded phase 2 and 3 multinational trials initiated between 2004 and 2013 (Table 1).
Enrollment in the target trial started in February 2004, with a primary efficacy analysis time
point in March 2007. All patients had previously been treated and presented at baseline with
locally advanced or metastatic NSCLC. All patients had been in study arms that assigned
docetaxel treatment. The docetaxel dosing regimen, 75 mg/m? docetaxel day 1, 1-hour intrave-
nous, every three weeks, was the same for all trials included in this analysis. Overall survival was
a key endpoint in all trials and is the primary focus of the case study. The objectivity of this
endpoint is advantageous so that the varied open label or blinded nature of the trials likely
would not adversely affect the assessment of the accuracy of the external control. The death
events were clearly recorded in data collection from the clinical trials and it would be unlikely
that they would be dependent on evaluator knowledge of treatment assignments. Other, more
subjective outcomes may be subject to bias and could be problematic in assessing the viability of
an external control in those cases. Baseline or screening measurements of the following prog-
nostic factors were available for all patients: age, number of years from cancer diagnosis to
baseline, race (white vs others), sex (female vs male), smoking (current vs former vs never),
histology (squamous vs non-squamous), stage (III vs IV), ECOG (0 vs 1 vs 2), prior surgery (yes/
maybe vs no), and EGFR/KRAS mutation (positive vs no/unknown). Aligning with common
statistical practices, all available prognostic factors that were even possibly relevant were included
in the prespecified propensity score model. The case study was created from completed NSCLC
RCTs drawn from the Medidata Enterprise Data Store (MEDS) (Medidata website 0000).This
platform comprises some 22,000 clinical trials, conducted by the pharmaceutical industry for
drug or medical product development, with patient-level data recorded by electronic data
capture. Information was also sourced from Project Data Sphere (projectdatasphere.org 0000)
a platform where the research community can share patient level data from academic and
industry phase 3 cancer clinical trials. However, neither Project Data Sphere, LLC nor the
owners of any information from the website have contributed to, approved, or are in any way
responsible for the contents of this paper.

The eligibility criteria for patients from previously conducted clinical trials to be included - shown
in Table 2 - were met at baseline by the 1,399 patients included in this case study. Patient level source
data, including screening and baseline measurements from previously conducted clinical trials, were
used for these determinations.

Table 3 shows the baseline covariates available across all studies that were used in the propensity score
matching process. Those variables were considered clinically important prognostic factors and were
commonly collected in the clinical trials for the indication of locally advanced or metastatic NSCLC.
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3. Methods
3.1. Matching methods: Creation of an ECA

Based on guidelines proposed by Ho, the propensity score matching was carried out using the three
steps described below (Ho et al. 2007).

1: Propensity score estimates were developed, representing the probability of assignment of target
trial control therapy conditional on the baseline characteristics using logistic regression:

p(x) =P(T =1|X = x)

In this equation, T denotes the control in the target trial (T = 1)/historical control (T = 0) and X is
a vector that represents the covariates to be included in the propensity score model. The predictors
included in this model are all available baseline characteristics. These baseline covariates were used
without further variable selection or trimming to obtain optimal balance between the matched
subjects. Using a large set of covariates is recommended to help satisfy the underlying assumption
that there are no unobserved confounders and to reduce bias, with some researchers recommending
that the analysis should include all available baseline covariates if the sample size permits (Lim et al.
2018).

2: The ECA was created by choosing historical patients to match control patients in the target trial
using estimated propensity scores. Greedy nearest-neighbor matching without replacement, with
a fixed 1:1 matching ratio with a caliper of 0.25 was used; this aligns with the 1:1 randomization
ratio frequently used in NSCLC trials. SAS/STAT® 15.1 PROC PSMATCH was used for propensity
score matching.

3: A post-matching evaluation of covariate balance was carried out. The true propensity score
should be a balancing score. This study examined how similar the distribution of measured baseline
covariates was between the matched target trial control arm and the historical ECA subjects. Baseline
demographic and disease characteristics were summarized with descriptive statistics for the target trial
control arm and ECA - both before and after matching. Standardized differences (SD) in covariate
means were computed and compared before and after matching.

For continuous covariates, the standardized difference is expressed as follows:

Xt — Xc

SD = ——

(st+s2)/2

where

X; and X; are the sample mean of the covariate for the target trial control and historical control
groups, respectively; and s? and s* denote the sample variance of the covariate for the target trial
control and historical control groups, respectively.

For dichotomous (or categorical) variables, the standardized difference is defined as:

_ j)t 7135
SD Vb (1=b) +h.(1-5)}/2

where

pr and p, denote the prevalence of a covariate (or a category of covariate) for the target trial control
and historical control groups, respectively. For covariates with more than two categories, the stan-
dardized difference for each level of the categorical variable was calculated.

The absolute standardized differences should typically be less than 0.25 (Stuart and Rubin 2007)
with a figure below 0.10 being taken to show a negligible difference between treatment groups in terms
of the mean or prevalence of a covariate (Normand et al. 2001). In addition, the matching process was
assessed by examining the distribution of propensity scores — as well as individual baseline character-
istics, including prognostic factors — between the target trial control arm and the ECA, using graphical
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Table 4. Baseline characteristics by arm before and after matching.

Before Matching

Matched

AON3IdAIAT dTIOM-1V3IY

Unmatched
Pool of Eligible Patients from Control in Control in  Control in
Previously Conducted Target Trial Target Trial ~ Target Trial
Baseline Characteristic Clinical Trials(N = 940) (N = 459) ECA (N = 366) (N = 366) (N =93)
Age at baseline, mean 57.6 (10.5) 56.8 (11.0) 57.4(11.0) 57.0 (10.7)  56.1 (12.1)
(std) ..
Years from cancer 0.7 (0.5, 1.0) 0.8 (0.5, 1.3) 0.7 (0.5,1.0) 0.7 (0.5, 1.1) 1.3(0.7, =
diagnosis, median 1.9) <
(Q1,Q3) .
Race - White n (%) 645 (69%) 299 (65%) 239 (65%) 239 (65%) 60 (65%) >
Sex — Female n (%) 316 (34%) 172 37%) 128 (35%) 133 (36%) 39 (42%) @
Smoking, n (%) =z
Current 267 (28%) 74 (16%) 66 (18%) 71 (19%) 3 (3%) @
Former 436 (46%) 276 (60%) 211 (58%) 208 (57%) 68 (73%) bl
Never 237 (25%) 109 (24%) 89 (24%) 87 (24%) 22 (24%) E
Histology — Squamous, n 120 (13%) 100 (22%) 65 (18%) 67 (18%) 33 (35%) O
(%) -
Stage - I, n (%) 213 (23%) 58 (13%) 54 (15%) 54 (15%) 4 (4%) o
ECOG, n (%) >
0 334 (36%) 112 (24%) 85 (23%) 100 (27%) 12 (13%) g
1 545 (58%) 306 (67%) 254 (69%) 233 (64%) 73 (78%) >
2 61 (7%) 41 (9%) 27 (7%) 33 (9%) 8 (9%) 4
Prior surgery — Yes/Maybe, 83 (9%) 162 (35%) 66 (18%) 69 (19%) 93 (100%) 2
n (%)
EGFR/KRAS mutation — 33 (4%) 33 (7%) 13 (4%) 16 (4%) 17 (18%) :
Positive, n (%) (]
m
>
b
()
I
L ° o 90 e © 4 0 b4
- LIRS 2
| R F R
“ . (D 4 ¢. - .
1 1 o i) -
Historical Pool : +\, 5% e ‘s .!. .
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0.00 0.25 0.50 0.75 1.00

Propensity Score
| ¢ Outside Support Region © Support Region (Not Matched) ® Matched Obs |

Figure 1. shows the distribution of propensity scores before and after matching. Cloud plot for illustrating distribution of propensity
scores. Distributions of propensity scores indicating overlap in baseline condition of target control and historical pool patients,
including matched observations (in solid dots), those within the common support region but not matched (in open dots), and those
outside the support regions and not matched (in crosses). Common support region is the widest interval such that both groups have
patients whose propensity scores lie within this interval. The lower endpoint of the region is the larger of the minimum propensity
score for the treated group and the minimum propensity score for the control group. The upper endpoint is the smaller of the
maximum propensity score for the treated group and the maximum propensity score for the control group. Only matched patients
are included in the ECA and target control comparison.
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Figure 2. Distribution of propensity scores before and after matching. Distributions of propensity scores before and after matching,

indicating more comparable baseline condition of target control and ECA (i.e., after matching) than between the target control and
the historical pool (i.e., before matching).

Quantile-quantile (QQ) plot: PS

Target Control

1 T
0.0 0.2 0.4 0.6 0.8 1.0
Historical Pool/ECA

[ © Before Matching O After Matching |

Figure 3. Propensity scores before and after matching. Quantile-quantile (Q-Q) plot compares the probability distributions of the

target control and historical pool/ECA groups on the propensity score by plotting their quantiles against each other and indicates
improved balance after matching relative to before.
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methods such as cloud, box and quantile-quantile (Q-Q) plots. For continuous covariates, we also
summarized the mean and maximum deviation between the two empirical distributions in the
Q-Q plots on the scale of the variables being measured.

3.2. Outcome analysis - use of the ECA

The similarity of overall survival (OS) between the ECA and target trial was examined with the
hazard ratio and associated 95% confidence interval estimated by Cox regression model and descrip-
tive log-rank test and corresponding p-value for both before and after matching. The index date for
overall survival was defined as the start of study treatment. This enabled an assessment of whether the
overall survival in the control arm of the target trial was replicated by the ECA. Kaplan-Meier curves
were presented, along with estimates of the median and other percentiles of survival times and 95%
confidence intervals both before and after matching.

4. Results
4.1. Balance of baseline characteristics

As noted earlier, propensity score matching was used with the goal of selecting appropriate patients
from the pool of eligible patients from previously conducted clinical trials for inclusion in the ECA,
with the distribution of observed baseline characteristics well balanced between the ECA and the
control arm of the target trial. This section discusses evidence suggesting that the matched groups are
indeed well balanced for all observed baseline characteristics. Although not the focus of this case study,
in practice, the impact of unobserved baseline characteristics on the estimation of the treatment effect
should be considered.

A total of 1,399 patients were assigned to the control treatment of docetaxel in the qualified
previously conducted trials (Table 4), and among those, 459 patients were included in the control
arm of the target trial and the remaining 940 patients were used to create an ECA for the control arm of
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— - - — Smoking — Never — — — DiagnosisYears  —-—-—- Histology
—— - - — Stage ECOG O ECOG 1
—— — ECOG2 — - — Prior surgery —— — EGFR/KRAS mutation

Figure 4. Plot of absolute standardized differences of important baseline covariates before and after matching. Line plots of absolute
standardized differences before and after propensity score matching for the propensity score and each prognostic variable utilized in
the propensity score model illustrate better balance after matching than before (lines have negative slope). All but one absolute
standardized difference after matching are less than 0.01, a commonly used rule of thumb for determining adequate balance.
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0 5 10 15 20 25 30 35 40
Overall Survival (Months)
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Figure 5. Comparison of overall survival in control arm of target trial versus pool of eligible patients from previously conducted
clinical trials (before matching). Kaplan-Meier estimates of overall survival in the randomized control arm of the target trial versus the
pool of eligible patients from previously conducted clinical trials (before matching) are different as evidenced by little overlap in the
curves and a nominally statistically significant log rank test (p = .03).

the target trial. The cloud plot in Figure 1 illustrates the high degree of overlap between the distributions
of propensity scores for the control arm of the target trial and the pool of historical patients available for
the ECA. The solid dots show patients who were successfully matched with a patient in the opposite
group with a comparable propensity score. A common support region is defined as the largest interval
that contains propensity scores for patients in both treatment groups. The region is extended by 0.25
times a pooled estimate of the common standard deviation of the logit of the propensity score (SAS/
STAT® 15.1 PROC PSMATCH User Guide). The open dots (support region not matched) and crosses
(outside support region) show patients where no match was available; these patients were excluded from
further analysis, a common practice when using matching methods. This approach often reduces
sample size and may compromise extrapolation but improves balance between groups rather than
compromising it (in essence, prioritizing internal validity over external validity).

Figure 2 shows a box plot of the distribution of the propensity score before and after matching;
Figure 3 shows a Q-Q plot of these data.

The distributions of propensity scores for the control arm of the target trial and the pool of eligible
patients from previously conducted clinical trials (including all patients before matching) are shown in
the lower boxplots in Figure 2, while the upper boxplots show distributions after matching. Before
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REAL-WORLD EVIDENCE: LEVERAGING RWD TO ADVANCE RESEARCH
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matching, there is significant discordance between the control arm of the target trial and pool of
eligible patients from previously conducted clinical trials. After matching, the median and variability
of the two groups (i.e., matched target control and ECA) are very similar as shown by the similar
placement of the median line and width of the ‘box’ in the boxplots.

The Q-Q plot shown in Figure 3 illustrates the similarity of propensity scores between groups
before (black circles) and after matching (gray triangles). A 45-degree line, as shown after matching,
confirms equal distributions. Before matching, the data points fall away from this 45-degree line,
indicating that the degree of similarity in the distributions after matching is better than before
matching. The mean (standard deviation) difference in propensity score between the two groups in
the Q-Q plots decreased from 0.121 (0.065) before matching to 0.001 (0.003) after matching.

The standardized difference between the target and pool of eligible patients from previously
conducted clinical trials (before matching)/ECA (after matching) for each key baseline characteristic
is illustrated in Figure 4.

In terms of baseline characteristics, most of the 459 patients included in the control arm of the
target trial were white (65%), male (63%), and current smokers (16%) or former smokers (60%), as
shown in Table 1. Prior surgery was reported in 35% of patients; the rate of known EGFR or KRAS
mutation (genetic changes that are prognostic indicators in these patients) was 7%; and the majority of
patients had non-squamous type NSCLC (78%), ECOG performance status scores of 0 or 1 or 2 (24%,
67%, and 9%, respectively), and disease stage IV (87%).

As illustrated in Table 2, the 940 patients from previously conducted clinical trials for potential
inclusion in the ECA were similar to the target trial control arm in terms of age, years since cancer
diagnosis, race, gender, ECOG score, and EGFR/KRAS mutation status. However, there were differ-
ences between the pool of eligible patients from previously conducted clinical trials and target trial
controls in terms of the proportion of current smokers (28% vs. 16%), former smokers (46% vs. 60%),
non-squamous disease (87% vs. 78%), disease stage IV (77% vs. 87%), and reported prior surgery (9%
vs. 35%). After matching; however, all baseline characteristics were well balanced between the ECA
and the target trial control arm.

Figure 5 compares the overall survival for the control arm of the target trial and the pool of eligible
patients from previously conducted clinical trials (before matching), while Figure 6 shows overall
survival for the matched target control and the ECA (after matching).

Before matching, there is limited overlap of the Kaplan-Meier curves and a visible space between
the curves, indicating that the overall survival for the control arm of the target trial is shorter than for
the pool of eligible patients from previously conducted clinical trials (the median survival was
8.9 months in the target group and 10.4 months in the pool of eligible patients from previously
conducted clinical trials). The hazard ratio for the target relative to the pool of eligible patients from
previously conducted clinical trials was 1.16 with a confidence interval that excludes 1 (95% CI 1.02,
1.32). This difference is supported by the descriptive log rank test comparing the OS curves (p = 0.03).

However, after matching there is significant overlap in the Kaplan-Meier curves for the target and
ECA (with a median survival of 8.8 months in the target and 9.2 months in the ECA). The hazard ratio
for the target relative to the ECA was 1.04 with a confidence interval that includes 1 and suggests
a plausible range for the HR of 0.88 to 1.23, indicating similar overall survival for the ECA and the
target trial control arm. This similarity is supported by the descriptive log rank test comparing the OS
curves (p = 0.65).

5. Discussion and Conclusion

This NSCLC case study provides one example where an external control consisting of matched
cohorts of patients from previously conducted clinical trials was successfully created using propen-
sity scores derived from observed baseline characteristics. Further research will be needed, likely
including additional case studies in additional indications, to confirm the overall acceptability,
feasibility and appropriateness of the approach in a variety of clinical areas. In this case study, the
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propensity score was shown to reduce the imbalance between historical patients and investigational
patients. And importantly, the overall survival for the ECA was very similar to that of the
randomized control from the target trial, an early step towards suggesting that an ECA could
augment randomized controls in future trials involving difficult-to-study indications and popula-
tions without compromising the scientific understanding of the treatment effect. This could help
mitigate many of the recruitment, retention, and crossover challenges that can occur when enrolling
or maintaining a concurrent control due to rarity of the disease, or availability of the investigational
agent outside the study.

This case study utilized clinical trials data from second line NSCLC patients assigned to treatment
with docetaxel. The use of docetaxel as standard of care in this indication is clinically well established
with few changes, if any, for many years. This may have helped to mitigate effects of temporal bias that
could be more challenging for creation of external controls in indications where standard of care has
been evolving. In addition, utilization of data from previously conducted clinical trials, with little
missing data and consistent endpoint availability and definitions across studies, was an important
advantage in this case study. Additional considerations may be necessary when constructing an
external control from real-world data (e.g., data from electronic medical records, registries, etc.)
(Chen et al. 2021; Levenson et al. 2021).

In the case study, we used greedy nearest neighbor matching with a caliper of 0.25, which appears to
be a commonly used algorithm in the medical literature. This algorithm is straightforward and easy to
understand, with the appealing feature of closely mimicking a randomized clinical trial with the
matched pairs and a prespecified matching ratio. Two main types of matching algorithms using
propensity scores are described in literature, the greedy matching algorithm and the optimal matching
algorithm. Austin (2014) examined and compared 12 algorithms for matching on the scores, including
optimal matching, greedy nearest neighbor matching without replacement, and greedy nearest
neighbor matching without replacement within specified caliper widths. One of the recommendations
was to use the nearest neighbor caliper without replacement in most situations.

The selection of baseline characteristics to be included in the propensity score estimation was based on
the understanding of the disease population as well as data collection from all involved previously
conducted clinical trials. The variables such as baseline demographics and characteristics that were
usually summarized in the publications of the previously conducted clinical trials in this indication,
subgroup factors, and stratification factors for randomization were considered as the candidates of
important prognostic factors for balancing between the target group and external control. While we
have successfully created an ECA with observed baseline characteristics that are well balanced with the
control arm of the target trial, there is a need to address unobserved baseline characteristics as imbalance
in these factors can confound treatment effect estimation. In addition, some target control patients were
unmatched and thus excluded from the outcome analysis. While this is a common practice when utilizing
matching methods and will improve baseline balance, removing patients from the analysis is undesirable
especially when patients treated with the investigational drug are removed, which could restrict the
matched patients to a group with more limited baseline characteristics. The option of extrapolating the
analysis of this precise set and applying it to a more varied population should be considered.

Future research is needed to assess: whether the treatment effect estimated from a randomized trial
can be replicated with the use of an ECA in place of randomized control since in the current case study
only the control arm data was uniformly made available through data sharing programs; what effect
unobserved covariates might have on treatment group comparisons; propensity score weighting rather
than matching in order to remove the need to exclude unmatched investigational patients for whom
significant efforts had been made to collect these data; and how this approach could be explored with
additional endpoints. These may have variability in measurement (such as progression-free survival),
other indications and populations, and augmentation designs (or hybrid designs) where a prospective
study could be carried out with a combination of prospective randomized control patients and
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external control patients providing opportunity for assessment of the accuracy of the external control
through comparison of prospectively randomized and external control patients.
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Abstract 1023: Evaluating the impact of the RACE act: An

interim analysis

Brittany A. McKelvey', Mark Stewart', Jeff Allen,’
'Friends of Cancer Research, Washington, DC

Abstract

Recent approvals of novel therapeutics, including targeted small-molecules and
immunotherapies, have significantly impacted cancer care. However, these advancements
have not easily translated to new treatment options and approvals for pediatric cancer patients.
The Research to Accelerate Cures and Equity (RACE) Act was signed into law in 2017 to
accelerate the availability of drugs for pediatric cancer patients by requiring all new adult
oncology therapeutics also conduct pediatric studies if the molecular target is relevant to
pediatric cancer, including therapeutics with an orphan drug designation. RACE requirements
were implemented on August 18th, 2020, and we evaluated the impact of the RACE Act since
implementation. We evaluated all new drug applications or biologics license applications
submitted and approved by the FDA from August 18, 2019-August 18, 2021. Qualifying drugs
were stratified by applications approved one year before RACE implementation and
applications submitted and approved one year post-RACE implementation. FDA approval
letters and review documents were used to obtain information regarding pediatric study
requirements and orphan drug designation. Nineteen therapeutics were identified within the
study period (63.2% approved pre-RACE implementation and 36.8% approved post-RACE
implementation. Only 11.8% of agents approved were indicated for pediatric use at the time of
initial application, and the majority (78.9%) of approved applications received an orphan drug
designation. Prior to the RACE Act, pediatric studies were waived for orphan drugs, regardless
of possible applicability of the agent to pediatric cancers. However, 91.7% of the therapies
approved pre-RACE implementation had a relevant mechanism of action (MoA) that may have
required pediatric study if the application was submitted after RACE implementation. After
RACE implementation, 71.4% of the therapies received an orphan drug designation, with 60%
requiring pediatric studies due to the relevancy of the MoA. Pediatric studies were waived or
exempt for all therapies during the study period prior to RACE implementation. However,
following implementation of RACE, 42.9% of approved drugs require pediatric studies. The
remaining therapeutics approved post-implementation had waived pediatric study
requirements due to studies being impossible or highly impracticable given the pediatric
prevalence in the indication. The one-year anniversary of RACE implementation provides the
opportunity to begin to evaluate the effectiveness of the approach and recognize opportunities
to expand its reach in the future. We found an increase in required pediatric studies after
implementation, with the largest effect seen in orphan-designated therapeutics that are no
longer automatically exempt. However, many pediatric study requirements are still waived for
therapeutics with relevant MoA, highlighting the opportunity for future policy modifications.

Brittany A. McKelvey, Mark Stewart, Jeff Allen. Evaluating the impact of the RACE act: An interim analysis
[abstract]. In: Proceedings of the American Association for Cancer Research Annual Meeting 2022; 2022 Apr 8-
13. Philadelphia (PA): AACR; Cancer Res 2022;82(12_Suppl):Abstract nr 1023.
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Breakthrough Therapy Designation Criteria Identify
Drugs that Improve Clinical Outcomes for Patients:
A Case for More Streamlined Coverage of Promising

Therapies

Grace Collins, Mark Stewart, Brittany McKelvey, Hillary Stires, and Jeff Allen

The breakthrough therapy designation (BTD) process was
created to expedite clinical development timelines for drugs
intended to treat serious conditions and preliminary clinical
evidence indicates the drug may demonstrate substantial improve-
ment over existing therapies. This analysis demonstrates that BTD
is a valuable tool for expediting approval of promising therapies in
oncology. By comparing drugs indicated to treat non-small cell
lung cancer (NSCLC) approved with BTD or without BTD

Since its inception, breakthrough therapy designation (BTD)
has helped expedite clinical development timelines for drugs
intended to treat a serious condition with preliminary clinical evi-
dence indicating the drug may demonstrate substantial improve-
ment over available therapy on a clinically significant endpoint(s).
Several analyses have shown BTD facilitates earlier approval of
therapies compared with therapies without BTD (1, 2). To date,
the use of BTD has helped sponsors and the FDA streamline
development and approval of 225 drugs, over 56% of which were
oncology indications (3).

Despite faster FDA approval of these therapies, processes asso-
ciated with coverage and reimbursement by insurance programs,
including the Centers for Medicare and Medicaid Services (CMS),
do not follow the same expedited timelines. This is particularly true
for entirely novel treatments, such as first-in-class products, that
involve new mechanisms of action or new technologies altogether,
many of which are approved through an expedited program such as
BTD. When payment processes are not finalized immediately
following FDA approval, barriers to timely patient access can
occur (4). While coverage of oncology drugs has not historically
been an impediment to access, determinations of add-on payments
or code sets can potentially delay patient access if not done in a

Friends of Cancer Research, Washington, D.C.

Note: Supplementary data for this article are available at Clinical Cancer
Research Online (http://clincancerres.aacrjournals.org/).

Corresponding Author: Mark Stewart, Friends of Cancer Research, 1800 M
Street NW, Suite 1050 South, Washington, DC 20036. E-mail:
mstewart@focr.org

Clin Cancer Res 2022;XX:XX-XX
doi: 10.1158/1078-0432.CCR-22-0983

This open access article is distributed under the Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) license.

©2022 The Authors; Published by the American Association for Cancer Research

between January 2013 and October 2021, BTD drugs reduced the
risk of death by a median of 31% and progression by a median of
48%, while drugs never receiving BTD reduced the risk of death
and progression by a median of 15% and 41.9%, respectively.
These findings show that BTD criteria accurately identify drugs
that improve long-term outcomes for patients with cancer and
warrant coordinated efforts to ensure timely coverage decisions
and access for patients.

timely fashion. This issue was most notable with the recent intro-
duction of chimeric antigen receptor (CAR) T-cell therapies for
certain blood cancers (5).

In disease areas where recent innovations in treatment have
contributed to lowered population mortality, such as in non-small
cell lung cancer (NSCLC), delays between FDA approval and
initiation of processes for coverage of new treatments could
impede public health benefit (6). Recent discussions on CMS
coverage processes for expedited approvals provide an opportunity
to consider ways to align CMS and FDA procedures to ensure
drugs qualifying for expedited programs, such as BTD, are covered
at the time of approval. In oncology, clinical guidelines included in
the National Comprehensive Cancer Network’s (NCCN) Drugs
and Biologics Compendium are used by insurers to inform cov-
erage decisions. This has helped streamline reimbursement fol-
lowing the approval of new cancer drugs, but does not extend to
other therapeutic areas, medical devices, and diagnostics, nor
address timely coding processes, budgeting, or other procedures
associated with payment.

As such, it is necessary to identify appropriate triggers that can
help select novel products early in development to support more
streamlined discussions regarding coverage. To assess whether BTD
criteria identify high-priority drugs that improve outcomes for
patients with cancer, and thereby evidence to support the impor-
tance of timely coverage, we compared outcomes data supporting
approvals of and clinical guidelines for drugs with and without BTD
indicated to treat NSCLC. NSCLC was chosen as a case study due to
the high number of BTDs given to lung cancer indications and
availability of long-term follow-up data. The results demonstrate
that BTD drugs indicated for NSCLC improve outcomes and have
more recommendations based on higher-quality data suggesting the
treatments were more appropriate compared to drugs that never
received a BTD. These findings support the notion that the qual-
ifying criteria for BTD support the identification of drugs that
improve outcomes for patients with NSCLC.

These findings demonstrate that BTD drugs provide improved
clinical utility suggesting it would be beneficial to establish a
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Translational Relevance

The breakthrough therapy designation (BTD) process was
created to expedite clinical development timelines for drugs
intended to treat serious conditions and preliminary clinical
evidence indicates the drug may demonstrate substantial
improvement over existing therapies. This analysis demon-
strates that BTD is a valuable tool for expediting approval of
promising therapies in oncology. By comparing drugs indicated
to treat non-small cell lung cancer (NSCLC) approved with
BTD or without BTD between January 2013 and October 2021,
BTD drugs reduced the risk of death by a median of 31%
and progression by a median of 48%, while drugs never receiv-
ing BTD reduced the risk of death and progression by a median
of 15% and 41.9%, respectively. These findings show that
BTD criteria accurately identify drugs that improve long-term
outcomes for patients with cancer and warrant coordinated
efforts to ensure timely coverage decisions and access for
patients.

BTD

0.69 (0.56-0.81)

Never BTD

0.85 (0.84-0.86)

OO ———

—_— ] —

mechanism through which a BTD would initiate processes to
expedite CMS coverage. An expedited program at CMS would not
include automatic coverage, but rather enable processes to ensure
BTD therapies and novel technologies sufficiently meet approval
and reimbursement requirements more quickly, and as appropriate,
have processes in place for ensuring a product is covered at the time
of approval to not delay patient access. An initial pilot of this
program would provide valuable information around whether these
processes are feasible, the value they bring, and identify areas
needing improvement prior to wider implementation. The Parallel
Review Program, which helps coordinate FDA and CMS reviews for
medical devices and was initially run as a pilot for 5 years before
permanent implementation, serves as a precedent for a similar
process, outlined below (7).

(i) FDA notifies CMS when a novel product (e.g., first indication)
receives a BTD or is participating in another expedited regulatory
pathway.

a. This initial notification to CMS would provide awareness
of approval timelines for forthcoming products that are
beneficial for patients with serious/life threatening illnesses.

Status of BTD*

| BTD O Never BTD

0.0 05

BTD

0.52 (0.17-0.88)

Never BTD C

—50—(——DOBRG—SOT—o——

1I.U 15 2.0
OS HR

oo 05

Figure 1.

0.59 (0.34-0.82)

1.0 1.5 2.0
PFS HR

Outcomes supporting approvals of drugs for NSCLC. Median HR (range) for approvals supported by an RCT with the primary or coprimary endpoint of OS (A) and/
or PFS (B). *“BTD”, approvals for a drug or a combination of drug(s) including drugs that have ever received BTD for any indication; “Never BTD”, approvals for

drugs that have never received BTD for any indication.
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Early notification about these products would allow addi-
tional time for CMS to coordinate resources necessary to
support timely coverage decisions.

(ii) Sponsors of products that receive BTD would have the opportu-
nity to participate in an Expedited Coverage pilot.

a. The sponsor for a novel product or class of products could
apply for the Expedited Coverage pilot prior to FDA
approval. CMS would then evaluate whether the product
or class (i) has important implications for Medicare
beneficiaries and (ii) does not have a clear path to reason-
able coverage (e.g., there are gaps in evidence or unique
approaches to coverage may be necessary). Should CMS
determine the product or product class meet the above
requirements, an expedited process would begin.

b. This process would enable earlier discussions regarding
topics such as coverage decisions, coding, eligibility for
New Technology Add-On Payment (NTAP), and/or CMS
budgeting implications. Sponsors would have earlier
opportunities to coordinate and communicate with CMS
regarding premarket data necessary to support initial

coverage at the time of FDA approval and to receive
guidance from CMS on the longer-term path to coverage,
including additional data that may be needed to support a
national coverage decision. This would ensure clinical trials
are designed to provide appropriate data supporting FDA
approval and to inform coverage decisions.

Expediting development is a resource intensive process for both the
FDA and sponsors, and more drugs are approved using BTD and/or
other expedited pathways each year (2). For the processes proposed
above to be successful, CMS will need additional resources to support
their involvement. A coordinated, well-supported, and timely process
for determining coverage of BTD products is necessary to ensure the
value brought by BTD facilitates earlier patient access to effective
treatments.

Approach

We identified 52 drug and biologics applications approved
between January 1, 2013 and October 1, 2021, for an NSCLC indi-
cation and collected key clinical trial and outcomes data from
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Characteristics of NCCN recommendations for NSCLC approvals from 2013 to 2021. A, Percentage of BTD approvals and percentage of Never BTD approvals by
category of evidence. B, Percentage of BTD approvals and percent of Never BTD approvals by category of preference. *“BTD”, approvals for a drug or a combination
of drug(s) including drugs that have ever received BTD for any indication; “Never BTD”, approvals for drugs that have never received BTD for any indication. **Other
recommended regimens are uses that are more toxic, less affordable, less efficacious, and/or are based on less mature data (8).




publicly available review documents and labels published online in
the Drugs@FDA database (Supplementary Table S1). We also
collected recommended uses for these approvals from the NCCN
Guidelines for NSCLC (version 7.2021) and noted the assigned
category of preference and category of evidence.

The sample included 41 applications for drugs that had ever received
BTD (BTD) and 11 applications for drugs that had never received a BTD
for any indication (Never BTD). Thirty-four percent of BTD applica-
tions were also reviewed under the Accelerated Approval pathway.

Thirty-one approvals (59.6%) were supported by data from a
randomized clinical trial(s; RCT) with the primary endpoint (pEP)
or coprimary endpoint(s; cpEP) of progression-free survival (PFS)
and/or overall survival (OS). Twenty-one approvals (40.4%) were
excluded from the outcomes analysis because their labels were
supported by data from nonrandomized trials and eight were
excluded from the NCCN analysis to avoid double counting the
same indication (Supplementary Table S1). Twenty-three approvals
supported by an RCT (74.2%) included a BTD drug. The remaining
eight approvals supported by an RCT were for Never BTD drugs.

Of the 16 approvals supported by trials with OS as a pEP or cpEP
(14 BTD, 2 Never BTD), patients receiving BTD drugs had a 31%
lower risk of death than those assigned to standard of care (SOC;
median HR = 0.69; range: 0.56-0.81) whereas patients receiving a
Never BTD drug had a 15% lower risk of death (median HR = 0.85;
range: 0.84-0.86; Fig. 1A). Similarly, among approvals supported by
a trial(s) with the pEP or cpEP of PFS (16 BTD, 6 Never BTD),
patients receiving a BTD drug had a 48% reduced risk of progres-
sion than those assigned to receive SOC (median HR = 0.52; range:
0.17-0.88) compared with only 41.9% reduced risk of progression
for patients receiving a Never BTD drug (median HR = 0.59; range:
0.34-0.82; Fig. 1B).
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Impact of the COVID-19 Pandemic
Mitigation Strategies on Cancer Clinical
Trials: Preliminary Findings of a
Friends-ASCO Study

FRIENDS OF CANCER RESEARCH ANNUAL MEETING 2022

Background

Enrollment in clinical trials is key to advancing new treatments for patients with cancer. At

the beginning of the COVID-19 pandemic, patient enroliment and treatment in cancer clinical
trials were negatively impacted, in large part due to approaches to adapting to the COVID-19
pandemic public health emergency, including social distancing and lockdowns. Recognizing the
challenges of recruiting and treating patients in clinical trials during the pandemic, researchers,
regulators, and policymakers moved rapidly to support modifications to traditional clinical trial
processes to enable important research and care to continue, both for ongoing trials and those
initiated during the pandemic!

Anecdotally, many researchers have proposed that retaining these modifications in future
trials could reduce inefficiencies and burdens, thereby increasing patient access to clinical
trials. However, there is a knowledge gap in the published literature about how sponsors and
sites adjusted clinical trial practices during the COVID-19 pandemic and what impact these
changes had on the quality of trial data and patient access. To address this, Friends of Cancer
Research (Friends) and the American Society of Clinical Oncology (ASCO) partnered to evaluate
how the modifications to trial conduct adopted during the pandemic affected the conduct of
clinical trials. If the impact of these changes, especially on data quality, has been sufficiently
minimal, then maintaining these beneficial flexibilities could lead to increased patient access
to future clinical trials and could speed the conduct of trials, thus accelerating new treatment
discovery. Further, there may be an opportunity to streamline clinical trial operations by
employing common reporting and documentation requirements for certain modifications,
including protocol deviations (PDs) and amendments, as recommended by ASCO in its 2021
report, American Society of Clinical Oncology (ASCO) Road to Recovery Report: Learning from
the COVID-19 Experience to Improve Clinical Research and Cancer Care.?
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Approach

ASCO and Friends partnered with two academic co-chairs to establish a steering committee
who worked closely with a multi-stakeholder task force comprised of representatives from
academic and community oncology practices (including clinical investigators and research
staff), patient advocate groups, the U.S. Food and Drug Administration (FDA), the National
Cancer Institute (NCI), pharmaceutical companies, a contract research organization (CRO), and
ASCO and Friends staff. At the outset, the primary objectives of the Task Force were, 1) to assess
potential changes to data quality, as reflected by changes in patterns of PDs during the COVID-
19 pandemic; 2) to describe mitigation strategies that were employed to reduce PDs; and 3)

to determine the broader impact of the mitigation strategies on the conduct of clinical trials. If
the mitigation strategies adopted during the pandemic result in sufficiently minimal adverse
consequences to data quality and trial conduct, we will formulate recommmendations to retain
the changes going forward.

To accomplish the research objectives, the Task Force is implementing a multi-phase
approach (Figure 1). In Phase 1, we focused on assessing how clinical trial sponsors defined
and documented PDs prior to and during the COVID-19 pandemic. We collected sponsor
representatives’ perceptions of the impact of the pandemic on PDs, as well as information
related to trial activations and closures, mitigation strategies, and rates of adverse events. The
information derived from Phase 1 will inform the design of Phase 2, in which we will conduct a
meta-analysis that explicitly examines the direct impacts of the mitigation strategies on PDs,
other key metrics of data quality, and patient access to clinical trials. Phase 2 will also address
other pertinent research questions raised in the Phase 1 evaluation. This discussion document
presents the preliminary results from Phase 1 of the project and outlines our plans for Phase 2.

Overarching goal: To identify changes to protocols due to the COVID-19 Pandemic
and assess their impact on clinical trials to develop recommmendations for future use.

PHASE 1: DEFINE PARAMETERS PHASE 2: DETERMINE IMPACT

 Distribute and analyze surveys to * Collect clinical data about protocol
sponsors about changes to protocols changes pre-COVID and during the
during the pandemic pandemic

¢ Conduct interviews with sponsors for « Design and run a statistical analysis plan
more detailed understanding of protocol to compare pre-COVID with COVID-era
changes changes informed by Phase 1 findings to

assess impact on trials
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Phase 1: Define Parameters
Phase 1 Aims
The aims of Phase 1 were to describe:

+ Pre-COVID-19 pandemic PDs and the associated documentation requirements.

+ Changes that occurred to PD descriptions, documentation requirements for PDs, and volume
of PDs during the COVID-19 pandemic.

« Trial Sponsors’ perception of the impact of shifting PD descriptions, documentation
requirements, and volume of PDs on trial data integrity and missingness.

+  Whether trial sponsors have retained or intend to retain any COVID-19 pandemic-era
changes to their PD design or documentation processes moving forward.

Phase 1 Approach

ASCO and Friends first surveyed, and then interviewed, both industry and NCI cooperative
group sponsors of anti-cancer interventional trials to understand changes to their clinical

trial protocols during the COVID-19 pandemic. (A full list of survey and interview questions

can be found in Appendices A-C.) Participating sponsor organizations were identified based
on previous interaction with ASCO and Friends research activities, but all industry and NCI
cooperative group sponsors who oversaw anti-cancer treatment trials (Phase 1, 2, or 3)
evaluating any modality that were open in the United States between January 2015 and May
2022 were eligible to participate. Participation in the project was voluntary and at the discretion
of the sponsor.

The study design was submitted for IRB review and was classified as exempt research. The
survey and interview tools were created by ASCO and Friends staff and reviewed by the
Task Force. After reviewing the study material, sponsor organizations (either industry or NCI
cooperative groups) selected their own participants (henceforth, “Sponsors”) to be surveyed
and interviewed for the study.

The Task Force reviewed de-identified survey findings from each sponsor organization to
identify areas for further exploration during semi-structured interviews. The interviews were
conducted virtually over Zoom by an ASCO or Friends staff person with high-level oncology

trial operations and data management personnel from a sample of the sponsor organizations.
Sponsors received the discussion guide before the Zoom call and initial questions were the
same for all participants; however, follow-up questions varied based on the discussion. During
these interviews, Sponsors elaborated on their survey results and discussed their perceptions of
the impact of PDs, other trial modifications, and mitigation strategies implemented during the
COVID-19 pandemic.

Data collection was limited to May to July 2022 for surveys and July to October 2022 for
interviews; thus, the participant sample does not include all sponsor organizations that met the
eligibility criteria (Figure 2). Twenty sponsors (49% of those contacted) completed the survey for
analysis and a subset of 11 sponsors (55% of those who completed surveys) were interviewed.
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Interview findings suggested interpretation of study findings would benefit from speaking with
leadership in the NCI's Cancer Therapy Evaluation Program (CTEP) about their processes for
preparing and disseminating guidance during the pandemic. As such, representatives from
NCI's CTEP were also interviewed using a modified version of the sponsor interview guide. Only
aggregated, de-identified findings were shared with the Task Force.

Figure 2: Consort diagram of the approach for including sponsors organizations who
participated in the analysis.

Sponsors who were
contacted about
participating (n=41)

Declined to
participate/did not

complete survey
(n=21)

Sponsors who filled out
survey (n=20)

Unavailable for
interview (n=9)

k

Sponsors who
participated in
interviews (n=11)

Findings from Phase 1

All findings reported below are based on information provided by Sponsors in surveys and
interviews.

Sponsors’ Perceived Impacts of the COVID-19 Pandemic

As has been previously reported, trials were most impacted early in the pandemic.34 Sponsors
reported an increase in PD volume in the first wave of the COVID-19 pandemic (March-April
2020) (Figure 3). After the initial wave (starting in May 2020), the increase in PD volume
compared to the pre-pandemic period was slightly lower (Figure 4). In the survey, 85% (17/20)
of Sponsors reported that there was no change in how many trials closed due to low accrual
since the start of the COVID-19 pandemic. While some Sponsors closed trial sites early in the
pandemic for any reason related to pandemic mitigation strategies, others reported when
interviewed that their sites remained open. Some interview participants specified that, during
the early phases of the pandemic, very sick patients (e.g., children or patients with late-stage
disease) were mostly likely to continue attending in-person appointments.
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Figure 3: Change in PD volume pre-COVID-19 Pandemic to first wave. Sponsors were asked
about the change in PD volume before the COVID-19 Pandemic to the first wave of the
COVID-19 Pandemic (March-April 2020). Results are reported by Industry vs. Cooperative
Group Sponsors. (One sponsor did not respond.)
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Figure 4: Change in PD volume pre-COVID-19 Pandemic to post-first wave. Sponsors were
asked about the change in PD volume before the COVID-19 Pandemic to after the first wave
of the COVID-19 Pandemic (May 2020 and beyond). Results are reported by Industry vs.
Cooperative Group Sponsors. (One sponsor did not respond.)
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In interviews, most Sponsors reported that the COVID-19 pandemic had only a minor impact on
clinical trials after May 2020, which they attributed to U.S. sites pivoting quickly to allow most
patients already enrolled on studies to continue with few disruptions due to flexibilities. Survey
data showed that most Sponsors perceived a minimal impact of the PDs during the pandemic
on data integrity (Figure 5). However, many Sponsors reported persistent lags in data entry
related to staff shortages or turnover at trial sites. They reported that time delays were more
common than data quality issues.

Figure 5: PD impact on data integrity. In the survey, sponsors were asked to rate the impact
level to overall data integrity of PDs during the pandemic and provided with 5 responses
ranging from “No Impact” to “Extremely Negative Impact.”
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PDs During the COVID-19 Pandemic

Nearly all sponsors (95%) flagged COVID-19 pandemic-specific PDs. However, this data is

often only shared with regulators when requested (i.e., during a submission). For Sponsors who
analyzed the types of PDs, they reported minimal differences in the types of PDs by different trial
characteristics (e.g., disease type or patient population). Sponsors observed more PDs in later
phase trials, which typically have more patients and longer follow-up periods. Missed or out-of-
window visits and assessments were most common early in the pandemic when patients were
not traveling either due to COVID-19 pandemic restrictions or concerns about becoming ill from
COVID-19, but these are no longer a prevalent challenge.
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Remote Patient Monitoring

The COVID-19 pandemic accelerated the trend to make clinical trials more flexible for patients
and providers through the incorporation of remote patient monitoring. Examples of frequently
implemented remote patient monitoring include remote distribution of oral medication, imaging
or blood draws at local facilities, remote informed consent discussion, and telemedicine visits.
Many of these were classified as PDs before the pandemic (Figure 6). In interviews, it became
apparent that part of the adaption to the COVID-19 pandemic was to incorporate remote
patient monitoring activities into trial protocols, rather than to include them as PDs.

Figure 6: Pre-COVID-19 Pandemic PD de initions. In the survey, sponsors were asked to rate
the impact level to overall data integrity of PDs during the pandemic and provided with 5
responses ranging from “No Impact” to “Extremely Negative Impact.”

Were the following considered a PD before the
COVID-19 Pandemic?

Incorrect or incomplete informed consent (IC)
farm/process

Schedule-related issues for lab{image/test

Imaging performed by a non-qualified site

0 2 4 G g 1w 12 14 16 18 20

EYes ENO

Many Sponsors reported that they are considering opportunities to retain remote patient
monitoring in trials moving forward, although some noted that not all flexibilities will continue.
Those Sponsors who plan to retain remote patient monitoring indicated that, in the right context,
it can ease patient burden while still collecting necessary data. Some Sponsors perceived that
investigators may be resistant to continuing remote monitoring due to decreased oversight of
their trial participants. Many highlighted that when they plan to include flexibilities for remote
monitoring in their trial protocols, it would be considered optional rather than a required
approach. Guidance from FDA and NCI informed modifications to trials early in the pandemic
and may help shape Sponsor decisions about maintaining changes moving forward.
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Guidance from Regulators and NCI

In interviews, many Sponsors indicated that guidance provided by regulators and the NCI
helped facilitate the ongoing conduct of cancer clinical trials during the pandemic. Cooperative
group interviewees reported that they were well-positioned to adapt to the pandemic quickly
alongside NCI due to pre-existing mechanisms of communication with CTEP leadership. Industry
Sponsors indicated that guidance documents from FDA (and global regulatory bodies, as
relevant) were their primary reference points for clinical trial conduct. According to Sponsors, the
timeliness of guidance documents from FDA and NCI was essential to mitigating the pandemic'’s
negative effects on trials and patients, particularly early in the pandemic. At that time, FDA

was permitted to bypass the usual requirements for guidance oversight and issue guidance
rapidly, and NCI produced guidance documents through internal coordination. Some industry
Sponsors commented that ongoing challenges outside of the U.S. — whether pandemic-related
or otherwise — continue to impact regulatory guidance for global studies, and by extension, trial
design and operations.

Flexibilities in the Future

Sponsors continue to evaluate which flexibilities they will retain in their interventional treatment
trial protocols beyond the COVID-19 pandemic. Our findings from Phase 1 demonstrate variability
among Sponsors in their approach to incorporating flexibilities; some readily adopted the
strategies, while others — uncertain about whether the allowances will be permanent — have
been more hesitant. Some Sponsors expressed concern about potential limitations on trial data
quality with remote patient monitoring (e.g., local labs, remote auditing), while others found that
these concerns diminished after flexibilities were introduced. Our hope is that findings to date
and the analysis for Phase 2 will help sponsors make decisions about the appropriateness and
value of bringing these flexibilities into the future.

Phase 2: Determine Impact

The Phase 1 portion of the evaluation used semi-quantitative survey data and Sponsor
interviews to provide initial insights into the impact of the COVID-19 pandemic on trial conduct,
and to generate hypotheses for more detailed evaluation in Phase 2. Although the focus of
Phase 1 was on PDs, other domains were also evaluated including the number of active trials,
trial initiations, and trial closures over time; eligibility and consent related changes; assessment,
lab, and imaging changes, mitigation strategies adopted; and patterns of adverse events.
Moreover, the Sponsor interviews and discussions with NCI's CTEP indicated that a more
extensive and inclusive evaluation framework would be informative, which includes a detailed
understanding of trial access during the pandemic and whether the pandemic affected the
enrollment of diverse populations to trials. Phase 2 may include different and/or additional
Sponsors from Phase 1 if the eligibility requirements are met.

Phase 2 Aims

The aim of Phase 2 is to test the hypotheses derived from Phase 1. Thus, for Phase 2, participating
Sponsors will be asked to provide aggregate estimates of the key data domains highlighted

by the Phase 1 evaluation as necessary to support a more determinative inference about the
impact of the mitigation strategies used during the pandemic. Recognizing that participating
Sponsors may have resource constraints, our aim is to request a limited, homogenous set of
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data from all Sponsors to facilitate aggregate analyses and to limit the demands on Sponsor
resources.

With these considerations in mind, the specific aims of Phase 2 are to characterize, over time in
relation to the COVID-19 pandemic:

«  The number of PDs (average per patient)

«  The number of each type of PD (overall)

+ Total enroliments per month to the sponsor portfolios of trials

+ Gradelor 2 and grades 3 or 4 adverse events (average per trial)

«  The number of dropouts (average per patient)

+ Time delays

As suggested by the information obtained from Phase 1, an additional aim will be to examine
the above outcomes from the perspective of diverse enroliment. Thus, for instance, one concern
might be that the changes to trial conduct wrought by the pandemic might differentially impact
sociodemographically underrepresented groups, who, for instance, might have experienced
more PDs than their counterparts. Thus, for each outcome above, we will further request that
Sponsors provide both overall estimates and estimates by categories of sex, age (<65 vs. 65 or
older), race (Black vs. Asian vs. White vs. other) and ethnicity (Hispanic vs. not Hispanic).

Further, patterns of outcomes may differ by the nature of the trials, which could also influence
the overall assessment of the impact of the pandemic on trial conduct. Thus, we will examine
whether the outcomes noted above differ by study level variables (cancer type, study phase,
and stage (advanced vs. adjuvant disease)).

We also plan to request the number, type, and date of implementation of mitigation strategies
adopted by each sponsor during the initial pandemic wave, to determine whether the volume of
strategies that were adopted is also correlated with outcomes.

Finally, as noted in Phase 1, we will represent the findings overall among all Sponsors, and also
disaggregated according to sponsor type (industry vs. NCI sponsored cooperative groups).

To evaluate these data, a meta-analytic approach will be used. This statistical approach
requires the collection of only aggregate (deidentified) single measures for each measurement
domain from each sponsor and will allow us to derive the overall average tendency (i.e., point
estimates) across the trial system and to simultaneously understand accompanying variability
across a diverse set of sponsors. Differences in patterns by demographic and study level
variables will be examined using moderator analyses. This strategy has the distinct advantage
of requiring the collection of only deidentified single measures for each measurement domain
from each Sponsor but is limited by the lack of patient-level data to address within-patient
patterns.
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Conclusions and Next Steps

The COVID-19 pandemic impacted the conduct of cancer clinical trials and has likely
accelerated a trend towards greater flexibility in trial conduct that was already emerging.

The strategies implemented during the COVID-19 pandemic to provide greater flexibility in

the execution of trial regulatory procedures, patient evaluation and data ascertainment can
minimize clinical trial complexity, leading to reduced burden on sites and patients and improved
access. Sponsors continue to include flexibilities in new protocols as they deem appropriate and
engage sites and investigators in the process, while following regulatory guidance.

To date, the primary aim of the Task Force has been to derive preliminary insights about the
influence of the COVID-19 pandemic on trial conduct. In Phase 1 of this evaluation, sponsors
reported that in their judgement, the mitigation strategies adopted in the face of the pandemic
did not greatly impact data integrity. However, there is a recognition that a more detailed,
quantitative, and statistical evaluation of clinical trial data integrity may provide greater

and more determinative insight. We anticipate that the insights derived, and the hypotheses
generated, from the Phase 1 portion of our evaluation will appropriately inform the conduct of
our Phase 2 evaluation, in order to ultimately help guide the cancer clinical trial community
about next steps in advancing the science of clinical trial conduct.
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Appendix A - Survey Instrument

Definitions

«  Protocol Deviation (PD): Any non-compliance with Institutional Review Board (IRB)-approved
protocol, including prospectively approved deviations or waivers.

- Significant or Serious Protocol Deviation: A protocol deviation which increases potential
risk to participants or affects the integrity of study data. An isolated deviation may not be
significant by itself, but significance may increase with numerous deviations of the same
nature.

- Mitigation Strategy: Depending on the severity or frequency of one or more protocol
deviations, the site may be expected to define a mitigation strategy (sometimes referred to
as a Corrective and Preventive Actions (CAPA)). This strategy is broken into two parts:

o Corrective Action (CA), which is the action the site takes to address the deviation.
Examples of corrective actions include (but are not limited to): notifying the affected
participant(s) and protocol team; re-consenting the participant(s); completing missed
procedures; repeating laboratory tests; completing additional participant monitoring or
management procedures; and/or destroying specimens collected in error.

¢ Preventive Action (PA), which is the action the site takes in attempt to prevent recurrence
of the product or quality problem moving forward. Examples of preventive actions include
(but are not limited to): discussion of the deviation with relevant study staff, refresher
training of study staff; review and/or revision of documents outlining Standard Operating
Procedures (SOPs) or other study implementation materials; development of new study
implementation materials; implementation of additional communication, Quality Control
(Qc)/ Quality Assurance (QA), or oversight/supervisory procedures; changes in day-
to-day workflow; and/or changes in general participant management or laboratory
procedures.

¢ Remote: Geographically separated from the research site administering the clinical trial.

Pandemic-Related Time Periods

*  Pre-COVID: January 2015 through December 2019.

« Immediately Pre-COVID: January and February of 2020.
« First Wave: March and April of 2020.

+ Post-First Wave: May 2020 to May 2022.

Note: All questions refer to interventional anti-cancer trials (phose 1,2 0r3) involving any

modality (e.g., systemic therapy [cytotoxic, immune, hormonal, targeted, etc.], surgery, radiation,
etc.) sponsored by your organization that are/were open in the United States.

Begin Survey:

Section 1 - Cancer Treatment Trial Portfolio
Cancer trials underway immediately pre-COVID-19 pandemic (January and February 2020)

1. How many interventional Phase 1 anti-cancer trials did your organization have ongoing in
January 2020?

- 0

- 1-2

« 3-5

+ 6-10

« 11-20
+ 20-50

« More than 50
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2. How many interventional Phase 2 anti-cancer trials did your organization have ongoing in

January 2020?
- 0

- 1-2

+ 35

- 6-10

« 1N-20

« 20-50

«  More than 50

3. How many interventional Phase 3 anti-cancer trials did your organization have ongoing in

January 2020?
-+ 0

- 1-2

- 3-5

-« 6-10

« 1N-20

« 20-50

+ More than 50
Cancer trials opened during the COVID-19 pandemic (March 2020 to May 2022)

4. How many interventional Phase 1 anti-cancer trials has your organization opened since
March 2020?

« 0

- 1-2

« 3-b5

+ 6-10

« 11-20
+ 20-50

« More than 50

5. How many interventional Phase 2 anti-cancer trials has your organization opened since
March 2020?

- 0

« 1-2

+ 3-5

« 6-10

« 11-20
+ 20-50
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More than 50

6. How many interventional Phase 3 anti-cancer trials has your organization opened since
March 2020?

«+ 0

- 1-2

« 3-5

+ 6-10

« 11-20
+ 20-50

« More than 50




Cancer trials underway during the first wave of the COVID-19 pandemic (March and April of
2020)

7. How would you characterize the impact of trial holds at sites during the first wave of the
pandemic (March 2020-May 2020) on those trials?
+  None/few (0-25%) of our trials were delayed or otherwise impacted by holds
+  Some (26-50%) of our trials were delayed or otherwise impacted by holds
+  Most (51-75%) of our trials were delayed or otherwise impacted by holds
«  Nearly all/all (>76%) of our trials were delayed or otherwise impacted by holds

8. What was the approximate average hold time at sites during the March 2020-May 2020
period? ___ (weeks)

9. How would you characterize the impact of trial closures at sites during the first wave of the
pandemic (March 2020-May 2020) on those trials?
+  None/few (0-25%) of our trials were negatively impacted by closures
«  Some (26-50%) of our trials were negatively impacted by closures
+  Most (51-75%) of our trials were negatively impacted by closures
«  Nearly all/all (>76%) of our trials were negatively impacted by closures

10. Do you have any additional comments regarding trial holds and closures during the first
wave of the pandemic?

Cancer trials underway post-first wave of the COVID-19 pandemic (May 2020 to May 2022)

1. Compared to the March 2020-May 2020 period (your answer to question 7), how would you
characterize the impact of trial holds at sites on your organization’s interventional anti-
cancer trials after May 2020 and up to the current date?

« The percentage of trials delayed or otherwise impacted by holds was much lower

« The percentage of trials delayed or otherwise impacted by holds was somewhat lower
+ The percentage of trials delayed or otherwise impacted by holds was the same

« The percentage of trials delayed or otherwise impacted by holds was somewhat higher
« The percentage of trials delayed or otherwise impacted by holds was much higher

12. Compared to the March 2020-May 2020 period (your answer to question 9), how would you
characterize the impact of trial closures at sites on your organization’s interventional anti-
cancer trials after May 2020 and up to the current date?

+ The percentage of trials negatively impacted by closures was much lower

+ The percentage of trials negatively impacted by closures was somewhat lower
- The percentage of trials negatively impacted by closures was the same

« The percentage of trials negatively impacted by closures was somewhat higher
« The percentage of trials negatively impacted by closures was much higher

13. Do you have any additional comments regarding trial holds and closures from May 2020 to
May 2022?

Section 2 — Organizational Definitions

14. Please provide your organization’s definition of a “major PD” (sometimes called a “serious
PD"): ___

15. What types of major, significant, or serious PDs have been the most common during the
COVID-19 pandemic? ___
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16. Please provide your organization’s definition of a “minor PD":_ _ _

17. What types of minor PDs have been most common during the COVID-19 pandemic? __ _

Section 3 — Pre-COVID-19 PDs

18. During the pre-COVID-19 period (January 2015 through December 2019), did your organization
typically categorize eligibility and consent issues as PDs? E.g., participant did not meet
eligibility criteria, incorrect or incomplete informed consent form/process, or re-consent not
obtained as required.

*+ Yes
« No

19. During the pre-COVID-19 period (January 2015-December 2019), which of the following
eligibility or consent-related changes to a patient’s protocol-specified treatment plan were
typically defined as a PD? [select all that apply]

« Participant did not meet eligibility criteria

« Incorrect or incomplete informed consent (IC) form/process, including:

o Consent form document not signed/dated by study participant or parent/legally

authorized representative (if applicable); signed incorrect IRB-approved version
of IC form; IC form does not contain all required signatures; IC form signed after
registration/enrollment; signed IC form version that was not protocol specific; patient/
study participant signed IC form containing changes not approved by the CIRB/IRB;
non-English speaker signed untranslated version of IC form; or did not document IC
process

+ Re-consent not obtained as required

20. During the pre-COVID-19 period (January 2015-December 2019), which of the following
treatment-related changes to a patient’s protocol-specified treatment plan were typically
defined as a PD? [select all that apply]

+ Failure to follow trial randomization

+ Failure to discontinue treatment

« Administration of non-protocol defined therapy to treat subject’s disease or concomitant
medication used was not permitted per protocol

+  SAE reported out of window

+ Dosing issues, including agent-related issues and:

o Study agent administered to wrong patient/study participant; Study-supplied agent
substituted with non-study-supplied agent, including commercial agent; Study agent
stored incorrectly; Study agent prepared incorrectly; Study agent prescribed by
unauthorized prescriber

« Device-related issues, including:

¢ Study device administered to incorrect subject; Study device malfunction; or Study

device not returned
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21. During the pre-COVID-19 period (January 2015-December 2019), which of the following
assessment, lab, or imaging-related changes to a patient’s protocol-specified treatment
plan were typically defined as a PD? [select all that apply]

+ Schedule-related issues, including:
¢ Baseline assessments are out of window; Delayed image submission; Timing of Lab/
Image/Test/Procedure not per protocol
+ Physical assessment deviation
- Patient does not have a safety follow-up as required
+  Lab/Imaging/Test/Proceedure after withdrawal of consent




+ Lab, imaging, or other test/procedure not done
+ Imaging performed by a non-qualified site
« Other imaging-related issues, including:
¢ Incorrect imaging agent administered; incorrect imaging agent dose administered;
Incorrect injection to scan time; Incorrect imaging modality; Incomplete anatomical
coverage; Imaging parameters not per protocol; Images lost/unavailable/corrupt;
Images not submitted; Equipment not credentialed prior to imaging

Section 4 - Volume of PDs during COVID-19 Pandemic

22. How did the average volume of PDs collected during the first wave of the pandemic (March
2020 and April 2020) compare to the pre-pandemic (January 2015-December 2019) volume?
« Substantial increase after March 2020
« Moderate increase after March 2020
« No measurable change after March 2020
- Moderate decrease after March 2020
« Substantial decrease after March 2020

23. How did the average volume of PDs collected post-first wave (starting May 1, 2020) compare
to the pre-pandemic (January 2015-December 2019) volume?
« Substantial increase post-first wave
+ Moderate increase post-first wave
+ No measurable change post-first wave
« Moderate decrease post-first wave
« Substantial decrease post-first wave

24. Compared to pre-pandemic (January 2015 through December 2019), in May 2022 how had
the average number of significant/serious PDs changed relative to the average number of
minor PDs?

+ Increased
* Remained stable
+ Decreased

Section 5 — PD Mitigation Strategies

25. Which of the following mitigation strategies had NOT been employed pre-COVID-19
pandemic (January 2015 through December 2019) and were introduced immediately prior to
or during the pandemic (January 2020 to May 2022), at least in part to decrease the number
of PDs? ?select all that apply]

+ Remote pre-screening for eligibility

« Remote recruitment/trial education and counseling

.+ E-consenting/remote informed consent

+ Remote routine lab testing

+ Remote study-specific lab testing

+ Remote study-required biopsies

+ Remote symptom monitoring for adverse events

« Remote distribution of oral anticancer therapy

« IV administration of investigational treatment outside of investigational site

+ Remote collection of patient-reported outcomes

+  Remote imaging (study-required baseline or follow-up)
« Remote monitoring of long-term outcomes

« Other (please describe)

+ None of the above

« Please describe other mitigation strategies that were introduced: _
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26. Which of the following Corrective and Preventative Actions (CAPA) had NOT been employed
pre-COVID-19 pandemic (January 2015 through December 2019) and were introduced
immediately prior to or during the pandemic (January 2020 to May 2022), at least in part to
decrease the number of PDs? [select all that apply]

«  Notifying the affected participant(s) and protocol team of the deviation

+ Re-consenting the participants

« Completing missed procedures

+ Repeating laboratory tests

« Completing additional participant monitoring or management procedures

» Destroying specimens collected in error

« Discussion of deviations with relevant staff

« Refresher training of study staff

« Review and/or revision of Standard Operating Procedures (SOPs) or other study
implementation materials

+ Implementation of additional communication

+ Quality Control (QC)/Quality Assurance (QA) or oversight/supervisory procedures

+ Changes in day-to-day workflow

+ Changes in general participant management or laboratory procedures

« None of the above

+ Unknown

Section 6 — Impacts on Patients and Data Collection

27. Does your organization collect/flag PDs that are attributable specifically to the COVID-19

pandemic?
* Yes
« No

28. Do you have data on PDs that were requested by sites but not approved (by the IRB, DSMB,
your organization, or other) during the COVID-19 Pandemic?
* Yes
+ No

29. PDs can be attributable to the study staff (e.g., missing a lab to be ordered) or the participant
(i.e, skipping a scheduled visit). Do you have data on the proportion of PDs that are
attributable to staff versus participant decision-making?

+ Yes
* No

30. Approximately what percentage of PDs are attributable to study staff (as opposed to
participant decision-making)? __ _
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31. Have your organization’s cancer treatment trial drop-out rates changed since the start of the

COVID-19 Pandemic (March 2020)?

« Yes, drop-out rates increased during the pandemic and have not returned to pre-
pandemic levels.

+ Yes, drop-out rates increased during the pandemic but have returned to pre-pandemic
levels (or decreased further).

« Yes, drop-out rates decreased during the pandemic and have not returned to pre-
pandemic levels.

+ Yes, drop-out rates decreased during the pandemic but have returned to pre-pandemic
levels (or increased further).

« No change in drop-out rates was observed during the pandemic.




32. Has there been a change in how many of your organization’s cancer treatment trials closed

due to low accrual since the start of the COVID-19 Pandemic (March 2020)?

+ Yes, there was an increase in how many trials closed due to low accrual during the
pandemic and these closures have not returned to pre-pandemic levels.

+ Yes, there was an increase in how many trials closed due to low accrual during the
pandemic but these closures have returned to pre-pandemic levels (or decreased
further).

« Yes, there was a decrease in how many trials closed due to low accrual during the
pandemic and these closrues have not returned to pre-pandemic levels.

+ Yes, there was a decrease in how many trials closed due to low accrual during the
pandemic but these closures have returned to pre-pandemic levels (or increased
further).

+ No change was observed during the pandemic.

33. Did rates of reported grade 1-2 adverse events (AEs) change during the pandemic?

« Yes, rates of reported grade 1-2 AEs increased during the pandemic and have not
returned to pre-pandemic levels.

« Yes, rates of reported grade 1-2 AEs increased during the pandemic but have returned to
pre-pandemic levels ?or decreased further).

« Yes, rates of reported grade 1-2 AEs decreased during the pandemic and have not
returned to pre-pandemic levels.

« Yes, rates of reported grade 1-2 AEs decreased during the pandemic but have returned to
pre-pandemic levels ?or increased further).

« No change in rates of reported grade 1-2 AEs was observed during the pandemic.

34. Did rates of reported grade 3-4 AEs change during the pandemic?

« Yes, rates of reported grade 3-4 AEs increased during the pandemic and have not
returned to pre-pandemic levels.

+ Yes, rates of reported grade 3-4 AEs increased during the pandemic but have returned to
pre-pandemic levels ?or decreased further).

« Yes, rates of reported grade 3-4 AEs decreased during the pandemic and have not
returned to pre-pandemic levels.

+ Yes, rates of reported grade 3-4 AEs decreased during the pandemic but have returned to
pre-pandemic levels ?or increased further).

« No change in rates of reported grade 3-4 AEs was observed during the pandemic.

35. How would you rate the impact level to overall data integrity of PDs during the pandemic?
- Extremely negative impact
+ Very negative impact
+ Somewhat negative impact
+ Minimal impact
+  Noimpact
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Expedited Development of
Diagnostics for Therapies Targeting
Rare Biomarkers or Indications

Introduction

Drug and diagnostic co-development has traditionally occurred
in @ manner by which one drug is accompanied by one diagnos-
tic test to sufficiently characterize the safety and efficacy of the
drug, while contemporaneously demonstrating the analytical and
clinical validity of the diagnostic test assessing the biomarker
status and of the responding patients in a clinical trial. For rare
biomarkers or indications, this approach may not sufficiently
leverage opportunities to expedite development for therapies
and balance the need for efficient development of a companion
diagnostic (CDx). The field of oncology has progressed substan-
tially with an improved understanding of the biology of cancer,
which has coincided with the availability of next generation
sequencing (NGS) technologies that can query many biomarkers
in one test. In cancers where NGS can be employed to assess
biomarker status, these advances make the traditional one drug-
one test approach to development of targeted therapies less
ideal and poorly aligned with clinical and laboratory practice and
patient needs.

New drug development follows the typical investigational

new drug (IND) processes for clinical development, and Study
Risk Determination (SRD) is typically conducted to determine
whether FDA investigational device exemption (IDE) approval is
required for the use of an unapproved diagnostic test in the clin-
ical study. Although local testing (e.g., tests performed at a lab
affiliated with the patient’s treatment facility using a laboratory
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developed test (LDT) or commercial test kit/platform if one exists) may be used to identify patients for
studies of drug activity and biomarker assessment, one central lab test prototype is generally used for
enrolling patients into the pivotal study.

Challenges with the traditional development and regulatory review of drugs and CDx range from con-
cerns about homogenous clinical trial populations, delayed patient access to clinical trials, and pre-/
post-market requirements. Drug sponsors seek to balance enrollment speed with trial integrity, i.e.,
ensuring that the trial is enrolling a well-defined patient population that reflects the intent-to-treat
(ITT) population. There may be delayed access to clinical trials because patients may be first screened
using local lab testing and then are only enrolled in the trial following confirmation that patients meet
trial eligibility criteria with central lab testing. This process presents challenges to drug and diagnostic
co-development and can result in undue patient burden and potential medical harm since it may entail
re-biopsy. It can also lead to delayed enrollment and accrual, increased wait time for patients to be in
study, and delayed development (resulting in delayed post-market access) of the diagnostic and ther-
apeutic. Where biomarker positive samples are very rare and regulatory requirements are not adjusted
to account for this rarity, pre-/post-marketing requirements for diagnostic developers may dis-incentiv-
ize or slow the development of an approvable CDx for rare diseases or rare variants.

The type and extent of information required by FDA to support approval of diagnostic tests may need
to vary based on the benefit/risk balance for the individual device and its intended use. FDA has gen-
erally not applied differing requirements for levels of evidence or certainty when a CDx addresses rare
biomarkers. This is likely because of a lack of guidance on what flexibility can be applied, a lack of
well-developed alternate methodologies, and a lack of designated pathways where flexibilities can be
applied. However, the Humanitarian Device Exemption seeks to address issues that exist in developing
CDx for rare diseases including limited availability of positive samples, limited information about poten-
tial alterations that could be treatable, and requirements to screen large numbers of samples to find a
reasonable number of useful samples. To address these issues, flexibility in development expectations
would benefit both patients and product developers to overcome some of the challenges to bringing
therapies and CDx to market for rare diseases/biomarkers.

A more balanced approach to patient selection and diagnostics development in oncology clinical tri-
als is needed, particularly for patients with rare diseases. Our goal is to propose a framework that
would facilitate enrollment of patients in an efficient manner while maintaining clinical trial integrity
and approval of a CDx based on requirements that consider the benefit-risk profile and feasibility of
obtaining samples. Furthermore, to ensure timely availability of a diagnostic at or near the time of drug
approval, we propose refining validation requirements for CDx approval. This document explores rec-
ommendations to 1) improve patient access to clinical trials for rare disease/biomarker therapies via
expanded use of local tests, and 2) de-risk and streamline the development of a CDx for rare cancers
to align with drug development.
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Improve Patient Access

Ensure that policy does not inadvertently create roadblocks or reduce patient access

As development of targeted therapies directed at rare biomarkers and rare variants of more prevalent
biomarkers becomes more common, reliable testing and screening capabilities to recruit patients for
studies will be increasingly important. Using a single diagnostic assay intended to support assessment
of clinical trial eligibility can slow patient accrual when patients are initially screened by a local, non-
FDA approved testing platform. On the other hand, enroliment based on multiple tests with potentially
variable performance and varying design (e.g., DNA vs. RNA) may not optimally select patients for
enrollment and may complicate later efforts to obtain CDx approval. Establishing minimum perfor-
mance standards could help address and alleviate these challenges.

Recommendations

Detection of rare biomarkers and rare variants to support the development of targeted therapies poses
unique challenges, particularly as it pertains to the analytical comparability of the test(s) used to enroll
patients into pivotal clinical trials. However, the benefits of identifying and accruing patients using mul-
tiple local tests, particularly when identifying rare variants, may outweigh the risk of variability in the
clinical trial population. To support this paradigm, alignment of minimum performance standards and
variants/variant classes can help standardize biomarker measurement which in turn could reduce bar-
riers to patient enrollment and ensure homogeneity in the trial population. Per current FDA guidance,’
enrollment using multiple local tests is allowed (including for pivotal trials), and FDA recommends that
the sponsor evaluate comparability of test results among potential sites prior to initiating trial testing
at those sites. Clinical trial sponsors (drug developers) could articulate, prior to patient enrollment, the
minimum performance standards needed to accrue patients based on the particular study needs.? Local
labs with individual tests could then provide evidence of minimum performance data if they intend to
enroll patients into trials. In keeping with FDA guidance, these data would include information regard-
ing accuracy, precision, analytical sensitivity, and analytical specificity, which the sponsor could share
with FDA and enroll patients in the pivotal study using the local test results (as already occurs) but
more efficiently and potentially with less variability. While exploratory, the NCI-MATCH Designated
Laboratory Network® approach could be used as a model to qualify labs and find alignment between
central/local testing through prerequisite validation standards.

! Principles for Codevelopment of an In Vitro Companion Diagnostic Device with a Therapeutic Product - Draft Guidance
for Industry and Food and Drug Administration Staff (fda.gov)

2 Recommendations for proposed minimum performance standards available in Friends of Cancer Research White
Paper—Blueprint for Breakthrough Forum: Research and Reimbursement in the Age of Precision Medicine. https://www.
focr.org/sites/default/files/pdf/Friends%20Alexandria%20Blueprint%20White%20Paper_October.pdf

3 James V. Tricoli, et al. Design and development of the molecular analysis for Therapy Choice (NCI-MATCH) Designated
Laboratory Network. JCO 2019 37:15_suppl, 3016-3016
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Diagnostic tests have varying underlying designs and methodologies, and laboratories use different
analyses, which can lead to discordance across tests. To account for potential variance, patient samples
that are positive for the rare biomarker are typically used to standardize test performance and support
test validation. While accepted practice, it is nonetheless a poor use of precious biomarker positive
clinical samples that is costly and time consuming. FDA could consider issuing guidance recommending
the use of a combination of contrived samples, representative variant validation, variant class-based
validation for certain variant types, and, where available, prior data that demonstrate analytical vali-
dation of the assay (e.g., previous FDA approval of an NGS-based test) to ascertain test performance
while expediting test development and patient accrual (Table 1). In instances where clinical samples
are particularly hard to obtain, whether for a local test or a CDx in development, FDA could consider
allowing substitution with similar tumor types (e.g., perform analytical validation on non-small cell lung
cancer (NCSLC) samples where small cell lung cancer samples are unavailable) or a “DNA is DNA”
approach allowing use of any sample with the biomarker in question, regardless of its tissue of origin.
Use of a representative approach for simple genomic alterations such as single nucleotide variants
(SNVs) should be considered as appropriate surrogates. The extent that these alternative approaches
could be used will depend on the complexity and prevalence of the biomarker being detected.

Table 1: Proposed Minimum Requirements to Support Use of

Tests Detecting Rare Variants

Performance Characteristic Minimum Requirement*

Concordance (Sensitivity, specificity, accuracy) 30 biomarker negative samples
A range up to 30 biomarker positive” samples

If possible 6 known positives (confirmed using an
orthogonal method)

Limit of Detection 1 known positive* sample in a serial dilution
series with at least 3 replicates at each dilution
step

Precision Repeatability across operators, reagent lots, days,

instruments using 2 positive samples per variant
type, with one at 1.5x LOD and one at 2x LOD

Limit of Blank 5-10 replicates across 2-3 healthy donor samples
using the same sample type

*Requirements and number of samples should be guided by the complexity and prevalence of the
biomarker being detected

#Can be a contrived sample
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De-risk and Streamline the Development and Review of CDx to Align
with Drug Development

Review drugs for rare indications and companion diagnostics in tandem via benefit-risk
assessment

Regulatory processes associated with the co-development of a targeted therapy and CDx should also
be aligned if concurrent approval of the drug and diagnostic is required. As with the development and
regulatory pathways for targeted therapies, the regulatory pathways for the associated CDx should

be reflective of the unmet need for rare indications, which may require additional flexibilities by FDA
review divisions. The goal would be to create a mechanism to identify diagnostic tests for a rare tumor
type that would lead to an intensive, interactive, and collaborative development and review process.
Similar to what is done for drugs used in rare diseases, this approach could include the use and publi-
cation of a formal benefit-risk assessment for the diagnostic and the level of pre- and post-market evi-
dence could be calibrated relative to considerations in the benefit-risk assessment. Drug and diagnostic
review divisions should make a concerted effort to align review processes such that the drug and diag-
nostic are given contemporaneous approvals.

Expedite development and regulatory pathways for companion diagnostics for rare
biomarkers

In order to achieve more rapid availability of an approved diagnostic, it may be appropriate to rethink
the application of FDA'’s benefit/risk framework. It is important to balance timely patient access with
analytical and clinical validation, bridging studies, and potential post-market study requirements for
PMA approval that are required of the CDx test developer. A risk-based approach to identify which
data elements are essential prior to approval (minimum core data set) and which data elements could
be shifted to the post-market space as a requirement for maintained approval could support expedited
development of a CDx for a rare biomarker or variant and allow a sponsor the opportunity to de-risk
CDx investment prior to full proof of concept on a therapy. This could serve as a means to expedite
the development of high-risk tests and facilitate contemporaneous regulatory review. Likewise, and
perhaps more applicable for rare biomarker CDx, FDA could reconsider the extent of required evidence
based on the benefit-risk assessment for the diagnostic, the rarity of the biomarker, availability of tis-
sue samples, and the unmet need. Although post-market studies as a condition of approval are appeal-
ing, the ability to access rare samples after approval is generally not improved and may be worse than
in the pre-market setting.

Recommendations

Sponsors are afforded flexibilities to facilitate drug development for rare indications. In a similar vein,
the Center for Device and Radiological Health (CDRH) and CDx developer could engage in dialogue
earlier in the development process to explore flexibilities that could be applied to the CDx development
for a rare biomarker. Further, CDRH should commit to an expedited review timeline of 75 days for CDx
for rare indications to ensure contemporaneous approval of the CDx and the drug, as drugs for rare
indications are typically reviewed in a compressed timeline.
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A core set of validation data should be submitted pre-approval for all diagnostic tests, including valida-
tion of analytical performance characteristics such as sensitivity, specificity, accuracy, precision, repro-
ducibility, and limit of detection; but FDA should have the flexibility to consider the necessity of other
data requirements in the context of a rare variant. In determining when to apply such flexibilities in
development requirements, FDA should consider:

Prevalence of disease/cancer type (e.g., whether orphan disease or low prevalence cancer type)
Prevalence of mutation/biomarker/variant within that cancer

Tissue type and availability

Test type and prior analytical validation generated in similar cancer types or sample types

To qualify for the rare disease/biomarker flexibilities, FDA should use a threshold of 10,000 patients
likely to have the disease or condition (not be tested for it). Examples of rare variants and tissues,
where it would be appropriate for FDA to apply development flexibilities due to these considerations,
are included in Table 2.

Table 2: Example Considerations for Benefit-Risk Assessment for

Rare Diseases and Rare Variants

for Validation

NTRK e Prevalence of variant (0.32% across
solid cancers)

ROS-1 e Prevalence of variant (1.0% of lung
non-small cell lung cancer)

Triple negative breast cancer patients after e Tissue type and availability
progression on primary therapy that metastasizes

to the bone

Fine Needle Aspirate (FNA) in NSCLC e Paired biopsy and FNAs from the same

patient needed for validation

In the case of a rare variant or rare disease where development flexibilities may be appropriate, FDA
should consider a variety of options for aligning the development expectations with the risk/benefit of
the test and the unmet need for the drug. FDA reviewers should have license in these rare biomarker
and rare disease scenarios to modify the requisite number of samples for an analytical study, the sam-
ple types, or waive requirements for certain analytical studies if these studies are recapitulating existing
data or merely being done to “check the box” rather than generating new and meaningful information.
Flexibilities that could be applied are included in Table 3.
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Table 3: Regulatory Flexibilities that Could be Applied for CDx

for Rare Variants/Biomarkers.

Analytical Validation

e For biomarkers that have already been analytically validated on NGS tests that have
previously received FDA approval, FDA should leverage this validation in order to expedite
review and approval for a rare indication.

e To demonstrate analytical validity of rare variants/biomarkers, FDA should allow sponsors to
provide some combination of the following instead of requiring use of clinical samples:

o contrived samples

o similar tumor types/sample types

o representative variant validation for certain variant types

o if available, prior data that demonstrate adequate analytical validity for their assay

e FDA should not require revalidation of variants if they are in the exact same location or within
the same base pair as a previously validated variant, and the primers are the same.

e Repeat validation should not be required for every mutation/biomarker on a test platform
when adding a new variant or to enroll a trial using a previously approved test, when the
variant of interest was included in the first release of the approved test. Even if a small
number of samples was used to validate that specific mutation for the first release, the test
should be considered validated or, if anything, additional validation should be minimal with a
small number of additional samples.

e FDA should not require that a variant be validated across all different types of cancers.

Clinical Validation

e FDA should rely on the clinical performance (based on clinical outcome data) of an assay,
rather than requiring concordance studies to LDTs used in enrollment using rare or limited
clinical samples if different from the proposed CDx. Often these LDTs are tests of varying
design, that have not gone through FDA pre-market review and are of unknown
performance.

e If FDA requires bridging studies between a candidate clinical trial assay (CTA) and the to-be-
marketed CDx, the agency should consider whether such studies could be conducted as a
post-market commitment.
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Other Regulatory Flexibilities

e Allow use of a prespecified modification plan for already approved CDx seeking additional
indications:

o A prespecified modification plan would allow a test developer to submit a validation
plan for future modifications that FDA could approve for post-market use in lieu of
reviewing additional post-market analytical validation data to support a modification.

o For example, where a new mutation of clinical significance is in the same class (i.e.,
SNV) and same locus as a previously validated variant.

e Waive or, if necessary, shift into post-market certain studies (e.g., interfering substances,
reproducibility, bridging studies).
e Allow for post-market collection of real-world evidence.




The alignment of review programs for drugs and CDx could be further facilitated by creating a risk-
based pathway for a CDx for rare biomarkers. FDA could publish a benefit-risk assessment at CDx
approval for both PMAs and supplemental PMAs, akin to what is included in the summary basis of
approval published for drugs, to enable greater regulatory flexibility for tests for rare biomarkers.

Conclusion

Current CDx guidance aims to enable co-development of a diagnostic and targeted therapy, which in
turns allows for demonstration of analytical and clinical validity of the diagnostic test.* However, this
will become more challenging as narrower subpopulations are identified (both in oncology and in rare
disease spaces). The traditional pathway for drug and diagnostic test co-development may not rep-
resent the most efficient method for development of targeted drugs and their CDx for rare tumors.
Policies should address how to speed CDx development and review while limiting disruption to the
current framework, including leveraging current flexibilities available for rare indications and unmet
medical need. Modifications to the development process can maximize patient access by not restrict-
ing the screening requirements to a single test, provide for rapid access to clinical trials by alleviating
the need for repeat biopsy and test analysis, expedite clinical drug development by identifying addi-
tional eligible patients, and ensure consistency between different tests with the same intended use.
Ultimately, identification of patients who would benefit from therapies can be performed more effi-
ciently, and greater patient access can be achieved.

4 Principles for Codevelopment of an In Vitro Companion Diagnostic Device with a Therapeutic Product - Draft Guidance
for Industry and Food and Drug Administration Staff (fda.gov)
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INNOVATIVE DRUG DEVELOPMENT: EVALUATING LESSONS LEARNED TO INFORM CONTINUED PROGRESS







Complex Biomarkers:
Generating evidence to
support alignment in drug
development
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Abstract

Background: Homologous recombination deficiency (HRD) is a phenotype that is characterized by the inability of a cell to effectively repair DNA
double-strand breaks using the homologous recombination repair (HRR) pathway. Loss-of-function genes involved in this pathway can sensitize tumors
to poly(adenosine diphosphate [ADPI-ribose) polymerase (PARP) inhibitors and platinum-based chemotherapy, which target the destruction of cancer
cells by working in concert with HRD through synthetic lethality. However, to identify patients with these tumors, it is vital to understand how to best
measure homologous repair (HR) status and to characterize the level of alignment in these measurements across different diagnostic platforms. A key
current challenge is that there is no standardized method to define, measure, and report HR status using diagnostics in the clinical setting.

Methods: Friends of Cancer Research convened a consortium of project partners from key healthcare sectors to address concerns about the
lack of consistency in the way HRD is defined and methods for measuring HR status.

Results: This publication provides findings from the group'’s discussions that identified opportunities to align the definition of HRD and the
parameters that contribute to the determination of HR status. The consortium proposed recommendations and best practices to benefit the
broader cancer community.

Conclusion: Overall, this publication provides additional perspectives for scientist, physician, laboratory, and patient communities to context-
ualize the definition of HRD and various platforms that are used to measure HRD in tumors.

Key words: homologous recombination; poly(ADP-ribose) polymerase inhibitors; BRCA1, BRCAZ; biomarkers, tumor; DNA repair.

Implications for Practice

Analyzing deficiencies in the homologous recombination repair (HRR) machinery becomes increasingly important to identify patients re-
sponding to poly(adenosine diphosphate [ADP]-ribose) polymerase (PARP) inhibitors. Ovarian, breast, pancreatic, and prostate cancer are
at the forefront of this development, but other cancer types will likely follow. Clinically, homologous recombination deficiency (HRD) is
broadly defined, ranging from deleterious mutations in single HRR genes (BRCA1/2 and non-BRCA) to complex genomic scars. As it cur
rently stands, assays that determine HR status may not agree on status calls, which can be problematic for the utility of these assays in
the clinic. Our work provides an overview of the diagnostic landscape of HRD including a conceptual framework and definitions which will
support molecular tumor boards and clinical decision making.
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Introduction

Genomic instability is one of the most common underlying
aspects of tumorigenesis, and defective DNA repair is de-
scribed as a hallmark of cancer.! Homologous recombin-
ation repair (HRR) is a DNA repair pathway that acts on
DNA double-strand breaks and interstrand cross-links
(ICL).2 A deficiency in the HRR pathway has been associated
with several tumor types including breast, ovarian, prostate,
and pancreatic cancers (Fig. 1) and has been termed hom-
ologous recombination deficiency (HRD), whereas tumors
that are not HRD are termed homologous recombination
proficient (HRP).>* The presence of HRD can make tumors
more sensitive to ICL-inducing platinum-based therapies
and poly(adenosine diphosphate [ADP]-ribose) polymerase
(PARP) inhibitors (PARPi).>* Adenosine diphosphate-ribose
polymerase inhibitors work via synthetic lethality; blocking
base excision repair with PARPi results in an accumula-
tion of DNA single-strand breaks and replication fork col-
lapse resulting in DNA double-strand breaks that cannot
be repaired by the HRR pathway if HRR is deficient.”*
Homologous recombination deficiency is a predictive bio-
marker for treatment with PARPi in ovarian cancer based on
patient outcomes in randomized controlled phase III trials.*'?
Additionally, HRD is a positive prognostic marker for both
progression-free survival and overall survival.!* Diagnostics
developers have created tests to determine homologous re-
combination (HR) status and aid in treatment decisions;
however, these assays may differ in what they measure and
may lead to discordant results that can be problematic for
prescribing oncologists. Patients are offered treatment at an
emotionally difficult time and discordance between assays

makes the decision of diagnostic test and therapy selection
more challenging due to uncertainty.

The HRD phenotype of sensitivity to platinum-based ther-
apies and PARPi is associated with the HRD genotype de-
fined by impairment in genes involved in the HRR pathway
(“causes”) and/or genomic scarring/instability (“conse-
quences”; Fig. 2).%1* The BRCA1 and BRCA2 genes play
prominent roles in the HRR pathway and impaired BRCA
gene function is the most studied mechanism in tumor cells
among the potential causes that results in HRD. Germline
and somatic mutations, as well as epigenetic modifications in
BRCA1 and BRCA2, have been consistently associated with
an HRD phenotype in breast, ovarian, pancreatic, and pros-
tate cancer,’”!” and have been deemed archetypal in the deter-
mination of an HRD phenotype.'s Other HRR pathway genes
associated with an HRD phenotype include genes such as
ATM, PALB2, RADS1, and others.? Either genetic or epigen-
etic alterations in these genes or some combination underlie
the HRD phenotype in various cancer types' including
ovarian,'#?*?! endometrial,** breast,?>?’ prostate,’® and pan-
creatic cancer.”’” The association between these genes and an
HRD phenotype may be less consistent than BRCAI and
BRCA2 and may vary by the tumor’s tissue of origin. Due to
the lack of understanding of the clinical implications of the
mutations within HRR pathway genes, more studies to inves-
tigate the role of these genes in HRD phenotype in various
cancer types are needed.?s3

Testing for the consequences of an impaired HRR pathway
is performed by probing the genome for evidence of genomic
abnormalities. Several studies in breast and ovarian cancer
have identified genomic patterns or signatures of instability
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Figure 2. Overview of homologous recombination deficiency (HRD). Homologous recombination deficiency is a phenotype that is characterized by the
inability of a cell to effectively repair double-strand DNA breaks using the homologous recombination repair (HRR) pathway. Alterations in these genes
have been deemed “causes” of HRD (eg, genetic events and epigenetic events). This can result in an impaired HRR pathway, which can be deemed
“consequences,” and assessed by probing the genome for evidence of genomic instability (eg, chromosomal instability and other genomic signatures).

associated with an HRD phenotype. These signatures of in-
stability can include genomic patterns of loss of heterozygosity
(gLOH), which are regions of intermediate size (>15 MB and
< whole chromosome),’® number of telomeric imbalances
(TAI), which are the number of regions with allelic imbalance
which extend to the sub-telomere but not cross the centro-
mere,*> and large-scale transitions (LST), which are chromo-
some breaks (translocations, inversions, or deletions).** These
approaches evaluate the presence of HRD-related genomic
signatures (often referred to as scars) that are thought to be a
consequence of error-prone DNA repair through alternative
pathways (eg, non homologous end joining [NHE]]).

Studies have demonstrated the predictive value of assays
to determine the HRD phenotype by evaluating response
to platinum-based therapies and PARPI in the context of
breast and ovarian cancer.*'* Various multi-omic studies
have investigated how a combination of the above pat-
terns and additional genomic and transcriptomic signatures
are associated with an HRD phenotype.***3¢ A number of
studies continue to evaluate genomic instability in breast
and ovarian cancer as well as additional cancer types,
which could lead to refinements in its use.?® Additional ap-
proaches, such as the detection of RADS51 foci, may enable
a functional assessment of HR status after a cell’s exposure
to a DNA damaging agent. This approach requires multiple
slides per patient which must be annotated by a trained
professional. Recently, it has been shown that assessment
of basal levels of RADS1 foci are possible in clinical sam-
ples and appear to show a high degree of correlation with
PARPi response. The clinical validity as well as the practi-
cality and implementation for routine clinical use is under
investigation.?’-"

To date, FDA has approved several companion or comple-
mentary diagnostics to facilitate tumor selection for PARPi
treatments based on HR status (Table 1). Two of these
(FoundationOne CDx and the Myriad myChoice CDx test)
assess chromosomal instability to select patients with ovarian
cancer that may benefit from an FDA-approved therapy.
These assays incorporate both the causes and consequences of
HRR impairment, whereas other FDA-approved assays only
detect potential causes of HRR impairment without assessing
consequences (eg, BRACAnalysis CDx, FoundationOne
Liquid CDx, and FoundationOne CDx). It is important to
note that while there are broad differences in the approach to
test for HRD (causes vs consequences), there are also differ-
ences in the assays themselves that need to be considered. In
addition to the FDA approved companion diagnostics, other
sequencing or single-nucleotide polymorphism (SNP)-based
platforms are being evaluated to measure genomic instability.
Additional commercial and lab-developed assays that utilize
tissue and blood to measure HR status are also available.

There is currently only partial agreement on which param-
eters contribute to determining the HR status of a sample
and what combination of molecular measures are necessary
to classify tumors as HRD.* Additionally, assays may use
different cutoffs across tumor types, within tumor types, or
for drugs within a similar class.*! For example, a clinical trial
on the PARPi veliparib used a cutoff of 33 using the Myriad
myChoice CDx test to define HR status in patients with high
grade serous ovarian cancer!® while other trials on niraparib’
and olaparib'? used a cutoff of 42. As the application of HR
status is investigated in different cancer types, it is important
to improve clarity regarding the way HRD is defined, meas-
ured, and reported. Addressing this lack of clarity can help
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Table 1. Companion diagnostics approved for selection of PARPI.

Cancer Assay Sample Therapy Indication Trial
type
Ovarian BRACAnalysis ~ Blood  Olaparib For the maintenance treatment of adult patients with deleteri- SOLO1 Study
CDx ous or suspected deleterious germline or somatic BRCA-mutated
advanced epithelial ovarian, fallopian tube or primary periton-
eal cancer who are in complete or partial response to first-line
platinum-based chemotherapy
BRACAnalysis  Blood  Olaparib For the treatment of adult patients with deleterious or suspected ~ Study 19 Study 42
CDx deleterious germline BRCA-mutated (gBRCAm) advanced ovar-
ian cancer who have been treated with 3 or more prior lines of
chemotherapy
FoundationOne Tumor  Olaparib For the maintenance treatment of adult patients with deleteri- SOLO1 Study
CDx ous or suspected deleterious germline or somatic BRCA-mutated
advanced epithelial ovarian, fallopian tube or primary periton-
eal cancer who are in complete or partial response to first-line
platinum-based chemotherapy
Myriad Tumor  Olaparib For the maintenance treatment of adult patients with deleteri- SOLO1 Study
myChoice CDx ous or suspected deleterious germline or somatic BRCA-mutated
test? advanced epithelial ovarian, fallopian tube or primary periton-
eal cancer who are in complete or partial response to first-line
platinum-based chemotherapy
Myriad Tumor  Olaparib + For the maintenance treatment of adult patients with advanced PAOLA-1 Study
myChoice CDx Bevacizumab  epithelial ovarian, fallopian tube, or primary peritoneal cancer
test? who are in complete or partial response to first-line platinum-
based chemotherapy and whose cancer is associated with HRD-
positive status defined by either: 1) a deleterious or suspected
deleterious BRCA mutation, and/or 2) genomic instability
BRACAnalysis  Blood  Rucaparib For the treatment of adult patients with a deleterious BRCA ARIEL2 Study
CDx mutation (germline and/or somatic)-associated epithelial ovar-
ian, fallopian tube, or primary peritoneal cancer who have been
treated with 2 or more chemotherapies
FoundationOne Tumor Rucaparib For the treatment of adult patients with a deleterious BRCA ARIEL3 Study
CDx mutation (germline and/or somatic)-associated epithelial ovar-
ian, fallopian tube, or primary peritoneal cancer who have been
treated with 2 or more chemotherapies
FoundationOne Blood  Rucaparib For the treatment of adult patients with a deleterious BRCA ARIEL2 Study
Liquid CDx mutation (germline and/or somatic)-associated epithelial ovar-
ian, fallopian tube, or primary peritoneal cancer who have been
treated with 2 or more chemotherapies
Myriad Tumor  Niraparib For the treatment of adult patients with advanced ovarian, fal- QUADRA Study
myChoice CDx lopian tube, or primary peritoneal cancer who have been treated
test® with 3 or more prior chemotherapy regimens and whose cancer
is associated with HRD-positive status defined by either: (1) a
deleterious or suspected deleterious BRCA mutation or (2) gen-
omic instability and who have progressed more than 6 months
after response to the last platinum-based chemotherapy
Prostate BRACAnalysis  Blood  Olaparib For the treatment of adult patients with deleterious or suspected ~ PROfound Study
CDx deleterious germline or somatic homologous recombination
repair (HRR) gene-mutated metastatic castration-resistant
prostate cancer (mCRPC) who have progressed following prior
treatment with enzalutamide or abiraterone
FoundationOne Tumor  Olaparib For the treatment of adult patients with deleterious or suspected ~ PROfound Study
CDx deleterious germline or somatic homologous recombination
repair (HRR) gene-mutated metastatic castration-resistant
prostate cancer (nCRPC) who have progressed following prior
treatment with enzalutamide or abiraterone
FoundationOne Plasma  Olaparib For the treatment of adult patients with deleterious or suspected ~ PROfound Study
Liquid CDx deleterious germline or somatic homologous recombination

repair (HRR) gene-mutated metastatic castration-resistant
prostate cancer (mCRPC) who have progressed following prior
treatment with enzalutamide or abiraterone
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Table 1. Continued

Cancer Assay Sample Therapy Indication Trial
type
Breast BRACAnalysis  Blood  Olaparib For the treatment of adult patients with deleterious or suspected ~ OlympiAD Study
CDx deleterious gBRCAm, HER2-negative metastatic breast cancer
who have been treated with chemotherapy in the neoadjuvant,
adjuvant, or metastatic setting. Patients with hormone recep-
tor (HR)-positive breast cancer should have been treated with
a prior endocrine therapy or be considered inappropriate for
endocrine therapy
BRACAnalysis  Blood  Talazoparib  For the treatment of adult patients with deleterious or suspected ~EMBRACA Study
CDx deleterious germline BRCA-mutated (gBRCAm) HER2-negative
locally advanced or metastatic breast cancer
Pancreatic = BRACAnalysis  Blood  Olaparib For the maintenance treatment of adult patients with deleteri- POLO Study
CDx ous or suspected deleterious gBRCAm metastatic pancreatic

adenocarcinoma whose disease has not progressed on at least 16
weeks of a first-line platinum-based chemotherapy regimen

2Assesses genome-wide characteristics (potentially consequences of HRR impairment). Currently other companion diagnostic claims select patients by
assessing genetic mutations (potentially causes of HRR impairment). Labels were accessed on FDA’s website and are current as of June 2021.

optimize the use of this complex biomarker for the selection
of patients for therapies targeting the DNA repair pathway,
such as PARPI, and identify the elements used to define HR
status that should be considered to best achieve consistent
results.

Materials and Methods

Friends of Cancer Research convened a group of stake-
holders from industry, academia, and government. We hosted
bimonthly calls for 4 months with diverse stakeholders to
discuss the best way to approach harmonizing HR status
measurements using diagnostic assays. We set out to char-
acterize how HRD is currently defined, measured, and used
with regards to assays that measure HR status, and, ultim-
ately, to propose common language and recommendations
to improve consistency around the use of HR status as a
biomarker. We reviewed literature associated with phase III
trials, including those that led to FDA approvals, and current
guidelines from the American Society of Clinical Oncology
(ASCO) and National Comprehensive Cancer Network
(NCCN) regarding the use of assays to measure HR status,
investigated FDA labels of currently approved PARPi and re-
ports on FDA-approved companion diagnostics validated to
assess HR status, and discussed current laboratory and clin-
ical practices.

Results

Assessment of current practices helped to answer what HRD
is, how it is currently measured, and how assays currently
assess HR status. During routine clinical use, HR status is
assessed by measuring either evidence for potential causes
of HRD indirectly (eg, genetic mutations) or potential con-
sequence of deficiency in the HRR pathway (eg, genomic in-
stability, mutational signatures; Fig. 2).

Definitions of HRD are Heterogeneous

The definition of HRD varies widely among the scientific and
medical communities. Various terms have historically been
used in the literature to describe HRD including BRCA-ness,
BRCA-like, and genomic scarring.** Additionally, HRD is

a complex biomarker whose definition may need refinement
based on growing biological and clinical understanding.
Defining HRD in terms of specific genetic mutations and/
or the success of a PARPi may be a too narrow approach.
Homologous recombination deficiency should not be solely
defined by response to any one therapy, given that recent
studies have shown that HRD has both a positive prognostic
value in ovarian and other cancers and predictive value for
PARPi and platinum therapy. Additionally, testing capabil-
ities may evolve to better assess HR status with a functional
assay.>*

Approaches for Assessing HR Status Vary Across
Current FDA-Approved Companion Diagnostics

Given that HR status can inform treatment decisions and help
predict improved outcomes for certain patients, it is essential
to understand processes through which these decisions are
made and identify best practices to maximize future benefit
of HR status determination. To better understand how HR
status is currently determined, we reviewed the labels of FDA
approved companion diagnostics that test HR status for use
with a PARPi. Companion diagnostics are medical devices
regulated by FDA to support safe and effective use of a cor-
responding therapeutic. While “companion diagnostic” as
a construct exists in a limited capacity in non-US markets,
the clinical and analytical validation conferred by FDA re-
view continues to inform global diagnostic use. In Europe,
the European Union In Vitro Diagnostics Regulation emu-
lates FDA’s consideration of companion diagnostic regulation
and is increasing review rigor by requiring validation studies.

We reviewed the FDA labels of Lynparza (olaparib), Zejula
(niraparib), and Rubraca (rucaparib), PARPi that have used
HRD as selection biomarkers in frontline and recurrent epi-
thelial ovarian, fallopian tube, or primary peritoneal cancers.
The language on the olaparib and niraparib labels is mostly
consistent and defines HRD by either (1) a deleterious or
suspected deleterious BRCA mutation and/or (2) genomic
instability. Olaparib and niraparib use the FDA-approved
diagnostic test the Myriad myChoice CDx test, which deter-
mines HR status by assessing the mutation status of BRCA1/2
and/or genomic instability—measured by the evaluation of
a combination of molecular measures to derive a genomic
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instability (gLOH + TAI + LST; the Myriad myChoice CDx
test Summary of Safety and Effectiveness Data). PARPi ther-
apies may vary in the requirement of a companion diagnostic
based on the clinical evidence for the therapeutic and de-
pending on the indication. The rucaparib label does not men-
tion HRD in the label but refers to patients with a BRCA1/2
mutation (germline or somatic)-associated epithelial ovarian,
fallopian tube, or primary peritoneal cancer based on an FDA-
approved companion diagnostic for this therapy. Rucaparib
uses the Foundation Medicine test Foundation Focus CDx
srea Lo (now part of a broader FoundationOne CDx panel),
which determines BRCA1/2 mutation status as per the com-
panion diagnostic claim, and determines HR status, which is
defined by the mutation status of BRCA1/2 and/or genomic
instability as measured by gLOH.

In summary, the FDA-approved companion diagnostics test
for somewhat different components, which may result in dif-
ferent HR status calls and subsequently different treatment
decisions. Given that genomic instability patterns arising from
HRD can look different in various tissue types, the assay used
to assess HR status should be validated using samples from
the intended use population being studied. Within an indi-
vidual assay, cutoffs for determining HR status may differ by
tissue type which requires further transparency around how
thresholds are determined and whether these differences are
due to chance, clinical trial approach, or biology.

Utilization of HR Status for Clinical Decision-
Making Would Benefit from Addressing
Uncertainties

Review of the literature, ASCO and NCCN guidelines, and
expert discussions suggest uncertainty and inconsistency in
how to use assays that measure HR status in the clinic, which
could potentially drive low adoption for clinical decision
making.* Because assays that measure HR status can identify
cancers that are more likely to respond to PARPi therapies
and predict positive outcomes, it is important to address the
sources of uncertainty to enable clinicians to use these new
diagnostic tools and provide their patients with optimal care.

We identified several areas which may lead to this lack of
clarity including inconsistent reporting of HR status between
studies and clinical trials, misaligned definitions of HR testing
(eg, ‘mutation of HRR genes’ interchanged with ‘HR status’),
complexity in the order of testing (eg, germline vs tumor, spe-
cific genes vs gene panel), interchangeability of tissue and
plasma-based approaches, family history, and cancer type
that warrant further investigation.

Discussion

Based on findings, we propose several considerations to bring
better alignment in the field for use of HR assays in the clinic.
Use consistent language when describing HRD and align on
a foundational definition that allows for a dynamic evolution
of the term as HRD knowledge grows. We propose using the
following definition: HRD is a phenotype that is characterized
by the inability of a cell to effectively repair DNA double-strand
breaks using the HRR pathway. Additionally, stakeholders
should use the terminology “HRD” and “HRP” to define the
presence or absence of an HRD phenotype, respectively.
Adopt a minimum set of requirements for the deter-
mination of HR status, the details on how HR status was

measured, and clearly report the type of test used should be
clearly reported in publications. Greater clarity should be
given to whether measures of both cause and consequence
are needed to inform the determination of HR status in dif-
ferent contexts (Fig. 2). Evidence of consequence alone may
not always be indicative of PARPi sensitivity due to the pos-
sibility of reversion mutations*; however, co-occurrence of
consequence with cause can potentially support novel loss-of-
function mutations.

Additionally, defining mutation status and zygosity of
BRCA1/2 (in the context of ovarian cancer) and genomic in-
stability status to then determine HR status is complex, and we
recommend transparency and standardization of the type of
information used to determine BRCA1/2 mutation status (ie,
pathogenicity status of the variant), genomic instability (ie, mo-
lecular measures and parameters used to develop a score, value
of continuous variable-if any), and criterion for cutoff selec-
tion. As we move beyond ovarian cancer, as well as investigate
the role other HRR genes play in the cause of HRD, including
different patterns of genomic instability exhibited in different
cancer types, this additional information will be key to ensure
consistency in results obtained across tests that determine HR
status. Given that different tests may be used to determine HR
status, and each uses different approaches for their determin-
ation, publications should include the name of the test used to
determine HR status and specific clinical thresholds for level of
deficiency (eg, HRD as measured by <assay name> and defined
as <features evaluated and cutpoint(s)>).

Conduct studies to identify and assess sources of discord-
ance among assays that assess HR status and identify sources
of variability to inform optimal use of these assays for clin-
ical decision making. This can be accomplished through a
study that assesses concordance of HR status across assays.
Additionally, it would be beneficial to create a clinician-
targeted survey to identify major barriers to the under-
standing or use of HR status as a decision-making factor to
determine treatment approaches.

Encourage all testing labs to report a minimum set of elem-
ents important for interpreting the clinical report in line with
FDA reporting requirements for current FDA approved assays
assessing HR status and contextualize clinical meaning to as-
sist clinicians and patients with decision-making. Test devel-
opers should report whether the test is tumor-type dependent,
what genomic findings were identified (as is being done), and
genomic instability/scarring scores (with thresholds as per
drug/companion diagnostic approval for that cancer type).

Conclusion

Biomarkers such as HR status play a critical role in treat-
ment decisions for patients with cancer. It is therefore of ut-
most importance to build consensus on how to define HRD
and the methodology for assessing HR status to promote
alignment and optimal use of this biomarker to identify pa-
tients who would benefit from PARPi therapy. This publi-
cation provides findings from the group’s discussions that
encourages diagnostic developers to consider the param-
eters that contribute to the determination of HR status.
Perspectives captured in this manuscript complement not-
able academic efforts by professional societies, such as the
European Society for Medical Oncology to assess methods
for HRD testing as well as planned activities and surveys
being conduct by the Association for Molecular Pathology,
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Association of Community Cancer Centers, American
Society for Clinical Oncology and College of American and
Pathologists to assess current clinical practice and provide
evidence-based subject matter expert recommendations
regarding best practices and performance characteristics
of clinical HRD molecular methods. We created recom-
mendations and proposed best practices for industry stake-
holders to benefit the entire cancer community that support
alignment efforts and can evolve as biological and clinical
advancements emerge to support robust use among onco-
logists and ensure assays enable the best possible care for
patients.
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Abstract STO77. Assessing Variability across HRD Assays:
Findings from the Friends’ HRD Harmonization Project

H. Stires', Z. Zhang?, L. McShane?, J. Bieler3, L. Chen*, M. Gupta®, A. Lazar®, B. McKelvey', S. Pabla’, J. Parsons8,
0. Serang?, S. Shams'0, E. Sokol'", E. Starks'?, B. Thomas'3, S. Yang'4, J. Yen!>, M. Stewart, J. Allen'

'Friends of Cancer Research, Washington, District of Columbia; 2National Cancer Institute, Bethesda, MD; 3SOPHiA GENETICS,
SaintSulpice, Switzerland; *Frederick National Laboratory for Cancer Research, Frederick, MD; >Clinical Sequencing Division, Thermo
Fisher Scientific, South San Francisco, CA; ¢The University of Texas MD Anderson Cancer Center, Houston, TX; 7Omniseq, Buffalo, NY;
8Tempus Labs, Chicago, IL; *DNAnexus, Mountain View, CA; "°Bionano Genomics, San Diego, CA; ''Foundation Medicine, Cambridge, MA;
12Invitae, San Francisco, CA; "3Neogenomics, Fort Myers, FL; "*Amoy Diagnostics Co., Ltd, Xiamen, Fujian, People's Republic of China;
5Guardant Health, Palo Alto, CA.

Introduction: Homologous recombination deficiency (HRD) assays determine eligibility for treatment with poly (ADP-ribose)
polymerase inhibitors and other DNA repair targeting drugs. The assays measure several factors to define homologous
recombination (HR) status including causes (i.e., inactivation in HR pathway genes) and consequences (i.e., genomic
instability) of HRD. Methodological variability across HRD assays has not been investigated thoroughly, and an empirical
assessment of assay variability may support broader adoption of HRD and strengthen clinical interpretation of test results.

Methods: Friends of Cancer Research (Friends) initiated a unique partnership with HRD assay developers and other key
stakeholders to characterize differences in assay factors and assess levels of agreement and variability across HRD assays.
First, we surveyed HRD assay developers (n=20) about factors their assays measure to determine HR status. Subsequently,
a subset of assay developers (n=11) measured in silico and reported HR status and the contributing factor(s) for 348 TCGA
ovarian cancer samples. We performed pairwise comparisons of assay’s HR status calls to determine the level of agreement
and considered specific factors measured by each assay to identify potential sources of variation. Additionally, we analyzed
HR status agreement for BRCA1/2 mutated versus wild-type BRCA1/2 samples.

Results: The 20 surveyed HRD assays are heterogeneous in the factors they measure. Although all assays consider BRCA1/2
mutations, assays also variously consider genomic loss of heterozygosity (gLOH; 75% of assays), additional HRR genes
(55%), telomeric allelic imbalance (TAl; 45%), and large-scale state transitions (LST; 45%). For assays involved in the TCGA
analysis, the range of percent positivity (% patients with HRD) was 9%-67% with a median of 49%. Rates of HRD were
higher in assays that included gLOH, TAI, and/or LST. Median positive percent agreement (PPA) was 74% and median
negative percent agreement was 81%. The presence of BRCA1/2 mutations was associated with an increase in PPA. The
median Spearman correlation for pairwise comparisons of ranked continuous HRD scores was 0.66 and 0.70 for %gLOH.

Conclusions: Preliminary findings demonstrate variation in the factors measured and the HR status calls made across HRD
assays. Some of the variation in HR status calls could be due to the nature of the TCGA dataset, and future studies will aim to
understand assay agreement from freshly extracted formalin-fixed, paraffin-embedded human archival ovarian tumor
samples. Understanding the agreement among assays will help to inform assay interpretation and improve consistency
between HR status calls and alignment of HRD scores across HRD assays to help patients and providers make appropriate
treatment decisions.

Stires H, Z Zhang, McShane L. Assessing Variability across HRD Assays: Findings from the Friends’ HRD Harmonization Project. Association for
Molecular Pathology 2022 Annual Meeting Abstracts. J MolDiagn 2022, 24:S1 Abstract STO77
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Changes in Circulating Tumor DNA Reflect

Clinical Benefit Across Multiple Studies of
Patients With Non-Small-Cell Lung Cancer
Treated With Inmune Checkpoint Inhibitors

Diana Merino Vega, PhD?; Katherine K. Nishimura, PhD, MPH?; Névine Zariffa, PhD*; Jeffrey C. Thompson, MD*; Antje Hoering, PhD?;
Vanessa Cilento, MPH?; Adam Rosenthal, MS?; Valsamo Anagnostou, MD, PhD®; Jonathan Baden, MS®; Julia A. Beaver, MD7;

Aadel A. Chaudhuri, MD, PhD®*:1%11; Darya Chudova, PhD'?; Alexander D. Fine, PhD*3; Joseph Fiore, PharmD*¢; Rachel Hodge, PhD'5;
Darren Hodgson, PhD'®; Nathan Hunkapiller, PhD'”''%; Daniel M. Klass, PhD*®; Julie Kobie, PhD?°; Carol Pefia, PhD?;

Gene Pennello, PhD, MS??; Neil Peterman, PhD?3; Reena Philip, PhD?*; Katie J. Quinn, PhD'2; David Raben, MD?%; Gary L. Rosner, ScD%;
Mark Sausen, PhD®; Ayse Tezcan, MPH, PhD?3; Qi Xia, PhD?®; Jing Yi, PhD?°; Amanda G. Young, PhD'3; Mark D. Stewart, PhD?;
Erica L. Carpenter, MBA, PhD?’; Charu Aggarwal, MD, MPH?’; and Jeff Allen, PhD!

PURPOSE As immune checkpoint inhibitors (ICl) become increasingly used in frontline settings, identifying early
indicators of response is needed. Recent studies suggest a role for circulating tumor DNA (ctDNA) in monitoring
response to ICl, but uncertainty exists in the generalizability of these studies. Here, the role of ctDNA for
monitoring response to ICl is assessed through a standardized approach by assessing clinical trial data from five
independent studies.

PATIENTS AND METHODS Patient-level clinical and ctDNA data were pooled and harmonized from 200 patients
across five independent clinical trials investigating the treatment of patients with non—small-cell lung cancer with
programmed cell death-1 (PD-1)/programmed death ligand-1 (PD-L1)-directed monotherapy or in combination
with chemotherapy. CtDNA levels were measured using different ctDNA assays across the studies. Maximum
variant allele frequencies were calculated using all somatic tumor-derived variants in each unique patient
sample to correlate ctDNA changes with overall survival (OS) and progression-free survival (PFS).

RESULTS We observed strong associations between reductions in ctDNA levels from on-treatment liquid biopsies
with improved OS (OS; hazard ratio, 2.28; 95% Cl, 1.62 to 3.20; P < .001) and PFS (PFS; hazard ratio 1.76;
95% Cl, 1.31 to 2.36; P < .001). Changes in the maximum variant allele frequencies ctDNA values showed
strong association across different outcomes.

CONCLUSION In this pooled analysis of five independent clinical trials, consistent and robust associations
between reductions in ctDNA and outcomes were found across multiple end points assessed in patients with
non-small-cell lung cancer treated with an ICl. Additional tumor types, stages, and drug classes should be
included in future analyses to further validate this. CtDNA may serve as an important tool in clinical development
and an early indicator of treatment benefit.

JCO Precis Oncol 6:2100372. © 2022 by American Society of Clinical Oncology
Creative Commons Attribution Non-Commercial No Derivatives 4.0 License @©@®®@E

INTRODUCTION

The recent approval of programmed cell death-1 (PD-
1)/programmed death ligand-1 (PD-L1) inhibitors as
frontline therapy for advanced non-small-cell lung

to standardize, may lack the necessary sensitivity to
identify very early stages of progressive disease, and
may misinterpret tumor responses in the case of
pseudoprogression.® Hence, accurate, early, and ob-

cancer (NSCLC) has changed the treatment paradigm
for this disease.'® However, not all patients respond to
immune checkpoint inhibitors (ICl), and some may
experience clinically significant, and sometimes long-
lived, toxicity.” Disease response is currently assessed
with clinical and radiographic evaluation, with the first
imaging assessment usually after 8 weeks on ICls.
However, clinical assessments are subjective, difficult

jective predictors of response to ICl therapy are needed.

Next-generation sequencing of circulating tumor DNA
(ctDNA) has been recently established as a sensitive,
less invasive, and accurate means to detect thera-
peutically actionable mutations in patients as well as to
identify the emergence of resistance mutations in
patients receiving targeted therapies. However, the use
of this technology to monitor response to therapy is less
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CONTEXT

Key Objective

Can changes in circulating tumor DNA (ctDNA) reflect clinical benefit across multiple, independent studies of patients with
non-small-cell lung cancer treated with immune checkpoint inhibitors?

Knowledge Generated

Analyses confirm an association between changes in ctDNA levels and clinical benefit for patients with non—small-cell lung
cancer treated with varying lines of anti-programmed cell death-1 (PD-1)/programmed death ligand-1 (PD-L1) therapy.
Harmonization strategies were developed to help address differences in ctDNA collection timing, ctDNA assay results, and
clinical variables across different clinical studies.

Relevance

Our study provides supporting evidence that ctDNA may serve as an early predictor of treatment response. Given the multitude
of recent studies investigating the use of ctDNA as a minimally invasive way to measure treatment outcome, these results
are timely by confirming observations seen across multiple, independent studies and by outlining harmonization strategies
to support future studies and meta-analyses to validate ctDNA as an end point in drug development.

defined for ICls.®** Serial ctDNA measurements may yield
additional insights into a patient’s disease, providing a more
timely assessment of response to treatment than traditional
clinical and radiologic assessments. If shown to correlate
with treatment response, monitoring ctDNA changes during
treatment may improve disease management.!+18

Several recent studies suggest a potential role for ctDNA in
monitoring response to ICI therapy and have investigated
how changes in ctDNA levels may be associated with
outcomes. These studies have identified a correlation
between on-therapy reductions in ctDNA and objective
response rate, progression-free survival (PFS), and overall
survival (0S).123 However, uncertainty exists in the gen-
eralizability of these studies, since they often used different
methods of ctDNA assessment, had variable on-treatment
blood collection time points, had heterogeneity in the pa-
tient populations, and implemented a variety of methods to
calculate ctDNA changes over time.

To address the need for a standardized approach to assess
the role of ctDNA as a potential tool for monitoring response to
ICl treatment as well as to develop a robust data set evaluating
the relationship between ctDNA changes during ICl treatment
and clinical outcomes, Friends of Cancer Research (Friends)
launched the ctDNA for Monitoring Treatment Response
(ctMoniTR) pilot project. The first step of ctMoniTR pooled
and harmonized data from five independent studies focused
on patients with NSCLC receiving PD-(L)1-directed mono-
therapy or combination with chemotherapy. The results from
this multi-institutional study are presented and discussed,
providing further evidence of ctDNA as a noninvasive and
dynamic indicator of clinical outcome to ICI.

PATIENTS AND METHODS
Patients

Anonymized patient-level clinical and ctDNA data from five
independent clinical trials were collected and included 254

patients (Data Supplement).2%-222425 Each study reviewed
patients’ informed consent approved by the local institu-
tional review board to ensure their data were suitable for
secondary use beyond their original intent. Patients with
NSCLC who had been treated with varying lines of anti—-PD-
(L)1 therapy, either as monotherapy or in combination with
standard chemotherapy, and who had a pretreatment
ctDNA sample (no earlier than 14 days before the start of
treatment) and at least one on-treatment ctDNA sample (no
later than 70 days from the initiation of treatment) were
included. As this was a pilot project, these time points were
selected to allow inclusion of the largest number of sam-
ples. The five data sets were split into seven cohorts, with
each cohort representing a unique study or trial arm. Initial
criteria for patient inclusion/exclusion and strategies for
minimizing bias in a combined data set were established
before analysis (Data Supplement).

Clinical Outcomes and Covariates

OS and PFS were defined as the number of days between
treatment initiation and death resulting from any cause, and
the number of days between treatment initiation and death
from any cause or progression, respectively. Tumor re-
sponse was evaluated according to the RECIST, version
1.1, and confirmed by local or central review.?® Durable
clinical benefit was defined as maintenance of PFS at
6 months from treatment initiation (PFS6).2” Patients who
did not progress on study but were lost to follow-up within
6 months of treatment initiation (n = 11) were excluded
from the PFS6 analysis. Additional clinical descriptors were
collected and harmonized according to a common set of
definitions (Data Supplement).

ctDNA Data

All studies used similar plasma collection methods (Data
Supplement) that met the minimum prespecified assay
standards (Data Supplement) and provided ctDNA results
according to their individual protocols. Various next-generation

FRIENDS OF CANCER RESEARCH



sequencing-based ctDNA assays (Data Supplement), in-
cluding targeted panels and whole-genome sequencing, were
used and, as a result, performance metrics may vary across the
platforms. Variant allele frequencies (VAF), defined as the
number of mutant alleles divided by the total number of mutant
and wild-type alleles, were reported from four of the five
studies. The fifth study assessed ctDNA changes with a whole-
genome sequencing approach using copy-number alterations
and local changes in ctDNA fragment length to determine a
tumor fraction ratio.?! Variants contributing to the calculation of
VAF met internal assay-specific quality standards. Germline
and clonal hematopoiesis variants were removed according to
each study’s original protocol (Data Supplement) or, for one
study, by the independent analysis center (Data Supplement).

Derived ctDNA Metrics

Mean, median, and maximum VAF values were calculated
using all somatic tumor-derived variants eligible for analysis
in each unique patient sample, regardless of whether they
were detected at baseline. For patients with nondetectable
(ND) ctDNA, the VAFs were assumed to be indeterminably
low and were set to a value of O; additional data handling
details are in the Data Supplement. The percent change of
the mean, median, or maximum VAF value from baseline
(TO) to the first on-treatment sample collected within
70 days of treatment initiation (T1) was calculated as

Percent Change of Mean VAF = (mean VAF;
—mean VAFro) /mean VAFrq
Percent Change of Median VAF = (median VAF,
—median VAF1o)/median VAFro
Percent Change of Maximum VAF = (maximum VAFp;
—maximum VAFro) /maximum VAFrq

Then, three types of ctDNA metrics were calculated for
analysis: (1) continuous percent change variable using the
raw percent change value, with a cap in cases with per-
centage increase of 500% to mitigate the impact of outliers;
(2) binary variable using a cutpoint of -50% change in VAF
as the threshold, where this optimal cutpoint was deter-
mined using the running log-rank method?; and (3) the
three-level variable, which used cohort-specific thresholds
to identify the 50% most extreme patients within each
cohort exhibiting a strong decrease in ctDNA from baseline
(decrease), the 50% most extreme patients exhibiting a
strong increase in ctDNA (increase), and the remaining
patients in a middle category with modest reductions or
increases in ctDNA (intermediate; Data Supplement).

Statistical Analyses

The three-level ctDNA metric was modeled as an ordinal
variable with three categories representing patients with a
decrease in ctDNA from baseline, an intermediate change,
or an increase. Kruskal-Wallis tests were used to compare
the medians of continuous variables, and Wald chi-Square
tests were used to compare proportions of categorical

variables, with Fisher's exact test used in cases where
assumptions for utilization of the chi-square test were not
met. Survival probabilities (OS and PFS) were estimated
using the Kaplan-Meier method,? using a 70-day landmark
from treatment initiation to ensure that the ctDNA metric
reflected a change in ctDNA that occurred before patients
were assessed for survival outcome. Overall and pairwise
comparisons between strata in Kaplan-Meier analyses were
calculated using log-rank tests. Univariate and multivariate
Cox proportional hazards models were used to assess
associations with OS and PFS, with P values derived from
the log-likelihood test, and covariates that were measured
after treatment initiation modeled as time-dependent
covariates. Univariate and multivariate logistic regression
models were used to assess associations with binary
clinical end points (partial response [PR] or better, and
PFS6). All models accounted for cohort-specific risks using
cohort-stratified models, where cohort was adjusted by
stratification, which allows for a different baseline risk within
each cohort group. All statistical tests with P value < .05
were considered statistically significant. As this was an
exploratory pilot project, P values were not adjusted for
multiple tests. Analyses were done using the SAS statistical
software package (SAS Institute, Cary, NC) or R (R Foundation
for Statistical Computing, Vienna, Austria).

RESULTS
Analysis Data Set

A total of 254 patients were considered for inclusion, with
200 patients included in the final data set after excluding
patients who failed to meet study criteria (Fig 1; full pop-
ulation demographics shown in the Data Supplement).
Broad heterogeneity was observed across cohorts with
noticeable differences in age, sex, stage at enrollment,
histology, programmed death ligand-1 (PD-L1) expression,
and number of prior lines of therapy (Table 1). Among all
clinical covariates, smoking history was the only one to be
univariately associated with changes in ctDNA values (Data
Supplement).

ctDNA Collection Timing and ctDNA Metrics

Descriptive analyses revealed that the timing and frequency
of ctDNA samples varied between cohorts because of
differences in the protocols used within each study (Fig 2).
There was also variability across cohorts in the number of
variants detected, the magnitude of VAF values, and the
range of baseline mean, median, and maximum VAF values
(Data Supplement). Considering the likelihood that differ-
ences in these data could be related to the assay used, the
3-level Max VAF Percent Change Group results are shown
here, since this metric accounted for differences in dis-
tributions by using cohort-specific thresholds to categorize
patients. This metric also demonstrated the most consistent
results for OS, PFS, and durable clinical benefit. The results
for the other ctDNA metrics are available in the Data
Supplement. Within the 3-level Max VAF Percent Change
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Patients with basel
(n=

FIG 1. Flow diagram. ctDNA, circulating
tumor DNA.

Patients with base!

samples within time

Assessed for eligibility (N = 254)

sample (n = 226)

Patients with baseline and T1 ctDNA

Excluded because of missing
baseline ctDNA sample (n = 16)

line ctDNA sample
238)

Excluded because of missing T1
ctDNA sample (n = 12)

line and T1 ctDNA

Excluded because baseline ctDNA
sample collected > 14 days before
treatment initiation, or T1

ctDNA sample collected 270 days
after treatment initiation (n = 26)

constraints (n = 200)

Group metric, 63 (32%) patients had a decrease, 103
(51%) had an intermediate change, and 34 (17%) an
increase in ctDNA levels from baseline while on treatment.

Changes in ctDNA Are Associated With Survival
End Points

Strong and consistent associations between reductions in
ctDNA levels and improved OS were observed in unad-
justed Cox models (Data Supplement) and adjusted Cox
models with cohort stratification and adjustment by baseline
clinical covariates (Fig 3A). For example, each increase in
the category of the three-level Max VAF Percent Change
Group variable (from decrease, to intermediate, to increase
in Max VAF) was associated with an increased risk of death
(adjusted hazard ratio, of 2.28 [95% Cl, 1.62 to 3.20; P <
.001]), after adjusting for baseline clinical covariates.
Baseline ctDNA values, including ND samples, were not
found to be associated with OS (Data Supplement). OS
Kaplan-Meier plots showed a strong separation in the dif-
ferent ctDNA categories, with statistically significant dif-
ferences in the pairwise comparisons, and 1-year survival
rates of 75%, 58%, and 32% for patients with a decrease,
intermediate change, or increase in Max VAF, respectively
(Fig 3B). Additional Kaplan-Meier and univariate associa-
tions for OS are available in the Data Supplement.

Similar observations occurred when examining the ctDNA
associations with PFS in unadjusted Cox models (Data
Supplement) and adjusted Cox models with cohort stratifi-
cation and adjustment by baseline clinical covariates (Fig 4A),
where the adjusted hazard ratio of 1.76 (95% ClI, 1.31 to
2.36; P<.001) indicated that each increase in the categories
of the three-level Max VAF Percent Change Group variable
(from decrease, to intermediate, to increase in Max VAF) was
associated with an increased risk of progression or death,
after adjusting for baseline clinical covariates. Similar to the
OS analysis, baseline ctDNA values, including ND samples,
were not associated with PFS. The PFS Kaplan-Meier plot

revealed that patients with a decrease in the maximum VAF
had better PFS compared with the other two groups, but there
was no apparent separation in PFS between patients in the
intermediate and increase categories (Fig 4B). Additional
Kaplan-Meier and univariate associations for PFS are avail-
able in the Data Supplement. Of note, in the adjusted Cox
models for both OS and PFS, smoking history was associated
with improved survival outcomes. This finding is consistent
with previous studies that argued that cancers resulting from
the accumulation of tobacco-related mutations may have
increased tumor mutational burden and respond especially
favorably to immunotherapies.®>3! Additionally, there was a
lack of association with PD-L1 positivity, which was likely
because of variation in how it is measured and defined in
each clinical trial.

Changes in ctDNA Are Associated With Improved
Tumor Response

Reductions in ctDNA were also associated with improved
tumor response, defined as achieving a RECIST classifi-
cation of PR or complete response. Logistic regression
models with cohort stratification and adjustment by
baseline clinical covariates yielded an adjusted odds ratio of
0.19 (95% ClI, 0.08 to 0.45; P < .001) for intermediate
versus decrease and 0.11 (0.03 to 0.38) for increase versus
decrease, suggesting that each increase in the strata of the
three-level Max VAF Percent Change Group variable was
associated with a decreased likelihood in achieving PR or
better, after adjusting for baseline clinical covariates
(Table 2). Baseline ctDNA values were not univariately
associated with achieving PR or better (Data Supplement).
Additional univariate associations and results for other
ctDNA metrics are included in the Data Supplement.

Changes in ctDNA Are Associated With Durable
Clinical Benefit

Logistic regression models with cohort stratification and
adjustment by baseline clinical covariates found that

FRIENDS OF CANCER RESEARCH



COMPLEX BIOMARKERS: GENERATING EVIDENCE TO SUPPORT ALIGNMENT IN DRUG DEVELOPMENT
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decreases in ctDNA were associated with achieving durable
clinical benefit, defined as PFS > 6 months (PFS6). This
analysis yielded an adjusted odds ratio of 0.13 (95% ClI,
0.05 to 0.34; P < .001) for intermediate versus decrease,
and 0.06 (95% Cl, 0.02 to 0.22) for increase versus de-
crease, interpreted as a decreasing likelihood of achieving
PFS6 with each increase in the ctDNA Max VAF metric
category (Table 2). No other clinical covariates were sta-
tistically significant in the adjusted model, and the ctDNA
values at baseline were also not found to be associated with
PFS6. Additional univariate associations and results for
other ctDNA metrics are included in the Data Supplement.

DISCUSSION

Among patients with NSCLC treated with ICl whose data
were analyzed in aggregate, consistent and robust associ-
ations between reductions in ctDNA and clinical benefit were
found across multiple end points. Although the results
presented in this manuscript are consistent with recent
reports, these individual studies have limited sample sizes,
and were constrained in their generalizability, given that each
study used a particular treatment and a specific ctDNA assay
on a carefully selected group of patients.'9232532 The het-
erogeneity of the data sets included required various har-
monization strategies to address differences in ctDNA
collection timing, ctDNA assay results, and clinical variables.

These strategies successfully minimized bias and confounding
factors and were equally valuable in establishing useful
methodologies for combining data sets collected from dis-
parate sources. By pooling and harmonizing the results from
independent studies, the results of this study show that, even
when analyzed across five different clinical trials, using mul-
tiple ICls in differing NSCLC populations, with different sample
collection time points and different ctDNA assays, the on-
treatment changes in ctDNA levels correlate with outcome.
These correlations hold true in analyses using ctDNA as a
dichotomized, trichotomized, or continuous variable, and
using all outcome measures evaluated (OS, PFS, best re-
sponse, and PFS6).

In the literature, there is a lack of standardization in the
methods used to quantitate ctDNA changes and evaluate
their association with clinical outcomes. Previous studies
have generally used different metrics, such as mean,
median, or maximum VAF, mutant molecules per unit
volume of blood or plasma, or absolute numbers of mu-
tations observed at one point in time.?*3? Moreover, dif-
ferent thresholds have been used to determine significant
changes in ctDNA, such as one log reduction, two-fold
change or statistically distinguishable changes with non-
overlapping Cls, percent change in the absolute ctDNA
levels, or a ratio of on-treatment VAF to baseline VAF, with a
molecular response set at > 50% decrease.!9?1:233233
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window for the first on-treatment ctDNA
sample); patients with an event during the 80 7
70-day landmark were excluded from the 604 Decrease
. . [+
analysis. ?Denotes a time-dependent var- ©
. . . (&)
iable. ctDNA, circulating tumor DNA; HR, o 401
hazard ratio; LL, lower limit; OS, overall 20 4
survival; PD-L1, programmed death li- Increase
L . | di.
gand-1; UL, upper limit; VAF, variant allele 0 - - Iterpediate -
frequency. 0 1 2 3 4
Postlandmark Survival Time (years)
No. at risk (n):
62 33 6 1 0
102 44 6 0 0
33 8 1 0 0
Median 1-Year
Deaths/N in Years Estimate
Max VAF change group - decrease 18/62 NR 74% (62-86)
Max VAF change group - intermediate 57/102 1.2 (0.9-1.6) 58% (48-68)
Max VAF change group - increase 23/33 0.5 (0.3-0.9) 32% (15-49)
Log-rank Pvalue <.0001
Log-Rank Pairwise P Decrease Intermediate Increase
Decrease -
Intermediate <.001 -
Increase <.001 .014

Thus, one aim of this study was to compare different ctDNA
metrics to identify those that yielded the most consistent
and robust associations across multiple technologies and
clinical outcomes. The analyses presented in this manu-
script were focused on metrics on the basis of VAF or tumor
fraction values, since these were available for studies in this
evaluation.

When comparing changes in the mean, median, or max-
imum VAF values, it was generally observed that the mean
and maximum VAF ctDNA values showed similarly strong
and consistent univariate associations with different out-
comes, whereas median VAF had a weak and inconsistent
signal (Data Supplement). One possibility is that median
values minimize the impact of large, outlier VAF values that
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Max VAF change group - intermediate 48/76 0.4 (0.3, 0.6) 34% (22, 46)
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are clinically meaningful, suggesting that large VAF values
may be the most informative when assessing treatment
responses. Thus, the single highest somatic VAF value,
regardless of the gene and mutation that contributed to the
calculation, may be a superior proxy for disease burden, as
opposed to other summary measurements that give more
weight to rare variants with low VAFs. However, capturing a

single highest variant will be sensitive to the panel used,
and a mean VAF may be more robust across tumor types
and molecular subtypes, especially those without defined
driver mutations.

When comparing the continuous, two-level, and three-
level ctDNA metrics, the three-level, and to a lesser
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extent, the two-level ctDNA metric (Data Supplement),
consistently showed strong associations with patient
outcomes. The continuous ctDNA metric on the basis of
the raw percent change value had inconsistent associ-
ations with patient outcomes. Modeling the continuous
variable was challenging, as the natural range of a per-
cent change calculation (potentially ranging from —100%
to +infinity) made data transformations problematic to
implement and produced a distribution of the values that
resulted in several outliers that could strongly bias a
model that assumes a linear association. Conversely, the
three-level ctDNA metric grouped extreme and moderate
patients (who unquestionably had a substantial change in
their ctDNA levels from baseline) and appeared to classify
patients into appropriate categories despite potential
differences that may exist across ctDNA platforms or
clinical situations. Absolute ctDNA values, such as mu-
tant molecules per volume of plasma, were not evaluated
because these data were not available for all studies but
should be examined in greater depth in future studies.
Assessment of overall tumor fraction from plasma data is
a field with ongoing development. Incorporating analyt-
ical characteristics of specific assays, like limit of de-
tection and precision as well as further improvements on
filtering and dynamics of variant VAFs over time, could be
hypothesized to further improve predictive power of re-
sponse assessment. These should continue to be inte-
grated into assessment of molecular response, building
off the standardized VAF-based approaches established
within the ctMoniTR Project.

Other lines of inquiry include determining how early a change
in ctDNA can accurately reflect a patient's response to
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A FRIENDS OF CANCER RESEARCH WHITE PAPER

Circulating Tumor DNA in
Development of Therapies For Cancer:
An Evidentiary Roadmap to an Early
Endpoint for Regulatory
Decision Making

Approach

Friends of Cancer Research (Friends) assembled a multi-stakeholder working group comprised of
pharmaceutical companies, diagnostic labs, government health officials, patient advocates, and
academic researchers to develop an aligned strategy for generating data and evidence to support
using the measurement of circulating tumor DNA (ctDNA)' levels in patients with solid tumors as a
drug development tool in regulatory decision-making. This objective includes using ctDNA as an
early endpoint to predict long-term outcomes in patients being treated for early-stage cancer. We
thank the numerous stakeholders for their thoughtful input and expertise in the development of this
evidentiary roadmap.

Background

Recent technological innovations allow for the detection of ctDNA in the blood. ctDNA is a biomarker
with potentially broad clinical and regulatory applicability in oncology:2

+ CctDNA for Patient Selection based on Molecular Alteration
o Using molecular features identified in ctDNA to select for patients with alterations
targetable by therapy, allowing for the development and evaluation of targeted
therapeutic approaches that bestow the most benefit to the patient.

+ ctDNA Molecular Residual Disease for Patient Enrichment
o Determining the need for adjuvant therapy after definitive surgery, radiation, or
chemoradiation by indicating the presence of molecular (or minimal) residual disease

MRD).

o Enabling the identification of patients with elevated risk of recurrence for
enroliment in clinical studies. This may optimize clinical studies by reducing the overall
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number of trial participants needed, and in turn the time and cost of studies.

« ctDNA as a Measure of Response
o Detecting a change in the degree or extent of disease burden by serial
measurements while on treatment.
o Supporting early response/resistance identification (signal finding) in early
phase clinical trials to support decision-making in drug development.

+ CctDNA as an Early Endpoint in Clinical Trials
o Detecting a change in the degree or extent of disease burden by serial
measurements while on treatment.
o Evaluating treatment efficacy and support regulatory decision-making as an
early endpoint capable of predicting long-term survival outcomes.

This document outlines considerations and evidentiary needs to support the use of changes

in ctDNA levels while on treatment as an early endpoint in clinical trials that predicts long-
term clinical outcomes. The term “early endpoint” signifies measuring ctDNA changes earlier
than other longer-term endpoints (i.e,, progression-free survival (PFS), event-free survival, and
overall survival (OS)) rather than defining the timeframe of when the endpoint is measured (i.e,,
not insinuating ctDNA measurement occurs early in a clinical trial, as this may vary based on
the context of different cancer types or treatment settings). This roadmap outlines evidentiary
needs to support the use of this early endpoint in cancer, including an endpoint to support
accelerated approval. To support accelerated approval, the surrogate endpoint must be
reasonably likely to predict a clinical benefit. The long-term goal of using ctDNA as a validated
surrogate endpoint to replace a clinical outcome is a much higher bar of evidence. As we work
towards accomplishing this long-term goal, useful information will also be generated to help
inform its use as an early endpoint.

The introduction of novel therapeutics, especially targeted therapies, has changed the
paradigm for treating solid tumors. While the availability of these new therapies provides
increased clinical benefit for patients, the concomitant increase in survival time creates

a unique challenge in the development of new therapies. With these novel therapeutics,
traditional clinical trial approaches using long-term clinical outcome endpoints such as PFS

or OS may not allow for an efficacy determination in a timely manner. Early endpoints that are
“reasonably likely to predict a clinical benefit,” are becoming increasingly important in oncology
drug development. However, it is critical to obtain adequate data to fully qualify and validate
CtDNA as an early endpoint for solid tumors. The use of ctDNA levels (e.g., presence, changes, or
clearance) represents an emerging early endpoint that holds great promise.
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Aligned methodologies are needed to support robust data generation and enable evaluation
of data across trials throughout academia and industry. A recent meta-analysis by Friends

in non-small cell lung cancer (NSCLC) suggests decreases in ctDNA levels due to therapeutic
intervention are associated with improved outcomes.3 Individual trials have also demonstrated
this trend. However, evaluating findings from across individual trials can be challenging due

to potential impacts of differences in therapeutic modalities investigated, inconsistencies in
how ctDNA is collected, measured, and reported, and the variability in the performance of the
tests measuring ctDNA (Table 1). This can make it difficult to generalize findings and may not
meet the necessary evidentiary threshold for use of ctDNA levels as an endpoint in regulatory
decision-making.




Table 1: Sources of Variability in ctDNA Clinical Studies

Clinical Variables

Tumor type, histology, stage of disease

Definitive therapy type (e.g., surgery, radiation, chemoradiation)

Therapeutic setting (advanced/recurrent/metastatic,
neoadjuvant, adjuvant)

Current treatment regimens (dosing/timing) and prior
regimens

Therapeutic class (e.g., targeted, 10, cytotoxic, hormonal, etc.)

ctDNA Collection
and Methodology

Sample collection timepoints

Whole blood collection (i.e, tube type, storage, time in
transport)

Plasma sample processing (i.e., centrifugation speeds, double
spins, long-term stability)

Captured
Endpoints

Endpoints for clinical and radiographic associations, including
methodology and definitions of endpoints (e.g., 50% decrease)

Timing of radiographic surveillance

Statistical plan (e.g., interim analysis timing, etc.)

Diagnostic Assay
and Analysis

Performance parameters (e.g., reference range/interval, Limit
of Blank (LOB), Limit of Detection (LOD), accuracy, repeatability,
reproducibility, clinical cut-off for molecular residual disease,
unit of measurement for ctDNA)

Biomarker features assessed (e.g., somatic variant mutations,
structural variant alterations, methylation, fragmentation, etc.)

Tumor informed or liquid only platform

Sequencing platform

Algorithm design for ctDNA detection and status reporting

Algorithm design for ctDNA quantification

Source: Adapted from Friends of Cancer Research White Paper. Assessing the Use of ctDNA as an
Early Endpoint in Early-Stage Disease.#
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Clinical Questions that Support the Use of ctDNA Measurement as an
Early Endpoint

Generating evidence to support the use of changes in ctDNA levels as an endpoint requires
careful consideration of several critical clinical questions.

The primary question is:
« Do changes in ctDNA levels while on treatment predict long-term outcomes (i.e,,
disease free survival/event free survival (DFS/EFS), overall response rate (ORR), PFS, and/
or OS at the individual- and trial-level?

Secondary questions should also be explored to investigate additional nuances:
« Does the predictive value of ctDNA levels vary by:
o stage of disease (e.g, early stage, advanced stage)
o disease therapy setting (e.g., neoadjuvant, adjuvant)?
o therapeutic class (e.g., immunotherapy, chemotherapy, targeted therapy)?
o tumor type?

« How does timing of ctDNA measurement impact the predictive value, i.e., should
there be set time points for measurement before and throughout treatment for all trials?
How do different treatment regimens and cancer types influence timing?

+  What is the optimal threshold, in terms of percent change in ctDNA levels (or
clearance), that should be used to define ctDNA response? Does this threshold used to
define ctDNA response depend on the disease setting (e.g, advanced disease,
neoadjuvant) and tumor type?

+  How does the depth and durability of ctDNA response (i.e., early response from pre-
treatment to on-treatment, maintaining ctDNA response at a landmark on-treatment
timepoint) correlate with long-term survival benefit?

Key Considerations for Validating the Use of ctDNA as an Early Endpoint

Understanding the application of ctDNA levels as a biomarker is important when designing
studies to validate its use for ascertaining therapeutic efficacy. There are multiple technical and
clinical characteristics contributing to variability that should be adequately accounted for, such
as assay type, underlying disease, patient heterogeneity, therapeutic context, target of therapy,
or a combination of disease parameters, when conducting validation studies.

Technology Considerations

There are a variety of assays that measure ctDNA with differing approaches, which can impact
the interpretation of assay results. Assays analyze different molecules, use different technology
platforms, and have different methodologies for measuring ctDNA. The variability these
differences introduce to ctDNA measurement should be considered when developing evidence
that supports the use of ctDNA as an endpoint.
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1. Molecular Alterations Analyzed

Assays measure different molecules, including genetic alterations and epigenetic modifications.
For genetic alterations, there is a tendency to evaluate single nucleotide variants (SNVs),

while some assay developers assess insertions, deletions, and/or classic gene fusions. Most
CtDNA assays do not account for large structural events or gene copy number variation (CNV),
however, some may account for these alterations through low depth whole genome sequencing
(WGS) or other more targeted approaches. For assays measuring epigenetic modifications,
most focus on measuring methylation or fragment size distribution/DNA fragment patterns.

In some cases, assays use a multimodal approach that incorporate genetic alterations and
epigenetic modifications.

2. Platforms

Different platforms analyze different variants/signatures at varying sensitivities and specificities.
Table 2 highlights platforms that measure ctDNA and the opportunities and challenges for each.

3. Methodological Approaches
There are two main methodological approaches for identifying ctDNA variants to monitor:

« Tumor Informed Assays use individualized sequencing information from a patient’s tumor
tissue to determine which genes should be monitored in the patient’s blood. ddPCR typically
focuses on a single genetic mutation that is often the target of the patient’s therapeutic
treatment. Monitoring a single tumor marker, however, may result in a false negative due
to other subclones that can emerge while on treatment. Other assays use a proprietary
algorithm to select the optimal variants from the tumor to include in the bespoke panel.
Logistical challenges, including the time to develop patient-specific marker panels, require
careful consideration when selecting this approach in certain disease settings (e.g.,
advanced disease).

- Liquid Only or Tumor-Naive/Tumor Agnostic Assay does not require tumor tissue or prior

knowledge of a tumor’'s mutation profile. This approach uses either a pre-determined gene-
panel to identify ctDNA variants or a WES/WGS assay. The former approach depends on the
panel of genes/methylation loci, which are sometimes selected based on the tumor of origin
(e.g, a lung cancer panel). Genes can be analyzed individually or as a signature. WGS and
WES can also be used in a tumor-agnostic manner to generate significant coverage across
genes, increasing the assay’s sensitivity.

4. Assay Performance

Assay performance depends on a variety of factors and alignment on metrics will be critical

for harmonizing the use of ctDNA as an early endpoint. The BloodPAC Consortium developed

recommendationss for 11 required preanalytical attributes to support standards development
and robust ctDNA assay development. There are also a series of measurements used to
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determine assay performance that need to be harmonized:

« Sensitivity: In general, sensitivity is variable and mostly depends on shedding. There are
circumstances where the gene alteration is present in the tumor but no, or very low levels of,
CtDNA are detected in the blood.

- Specificity: Specificity depends on the variant targeted. Tumor sequences are unique/
specific to the presence of a tumor; however clonal hematopoiesis of indeterminate
potential (CHIP) can be mislabeled as a somatic variant and complicate the results if not
controlled for. In addition, if germline mutations are not adequately filtered, bioinformatically,
or by normal tissue sequencing, the presence of germline alterations may affect the
specificity of these assays.

« Accuracy: Greater than 95% accuracy is desirable, but this may be difficult depending on the
technologies, panels, target variant frequency, and availability of clinical specimens.

« Precision: Precision should be greater than 95% inter-day, intra-day and inter-instrument,
inter-operator.

. Limit of Quantitation (LOQ)/Limit of Detection (LOD): LOQ/LOD is the lowest concentration
of analyte that can be consistently detected 95% of the time in a defined type of specimen.
LOQ/LOD will be driven by the input level, molecular conversion rate, noise reduction method
(e.g. Unique Molecular Identifier), ctDNA input/blood volume, and depth of sequencing
and will vary at the specific allele level. Minimum performance characteristics will differ for
various platform technologies as well as various providers.

There may be opportunities to use contrived samples to align on approaches for determining
assay performance across different assay platforms. However, limitations in certain factors such
as number of mutations, chromosome copies, and tissue tumor fractions impact how contrived
samples reflect clinical sample performance.

5. Sampling Considerations

Plasma is the default choice for nearly all liquid biopsy applications; however, a few diagnostics
developers use serum. Early data shows that serum is more likely to be contaminated by
leukocyte DNA and this can impact analyses. Given the need for standardization in this space,
we recommend adopting a ubiquitous matrix such as plasma.

6. Standardization Needs

A few additional standardization needs include:

+ Measurement outputs may vary across assays including outputs such as variant allele

frequency (VAF, ) and mean tumor molecules per milliliter (mtm[mLZ.

+ A common language to describe epigenetic modifications.
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- Statistical considerations, including baseline measurement versus change from baseline.
Different statistical questions require different data.

Clinical Considerations

The data that will support the use of ctDNA as an early endpoint will depend on the clinical
context of use including the cancer type, disease stage, treatment setting, and treatment
regimen as these may impact ctDNA kinetics. These components should be considered when
developing a framework for evidence generation and designing clinical trials supporting the use
of ctDNA as an endpoint.

Likely, validating the use of ctDNA levels as an early endpoint will be a stepwise process, initially
validating its use in one tumor type, treatment setting, and drug class where there are strong
and existing data and evidence for changes in ctDNA levels anchored to a standard measure
of response to treatment in that indication. This approach was seen in FDA’s pathological
complete response (pCR) guidance$, with use of pCR as an endpoint specific to high-risk
early-stage breast cancer in the neoadjuvant setting. From a single indication, there may be
opportunities to use lessons learned across treatments or tumor types to support use in other
settings. For ctDNA levels, it will be important to understand how and when it is feasible to
extrapolate findings from one indication to other indications.

. Current Data Availability

While the long-term goal of the evidentiary roadmap is to support the use of ctDNA levels in
early-stage disease, there are lessons to be learned from data that are currently available.
Trials are underway to collect data and evidence that support the use of ctDNA levels as a
biomarker for treatment response and long-term outcomes in the metastatic setting in multiple
tumor types including NSCLC, bladder cancer, colorectal cancer, renal cell carcinoma, and
breast cancer. Additionally, trials focused on the use of ctDNA levels to determine MRD may
also support an understanding of ctDNA dynamics in different cancer types, especially in earlier
stages of disease. This is another active area of research focused in the colorectal and NSCLC
settings.

2. Variability Based on the Disease and Therapeutic Characteristics

Identifying clinical characteristics that influence monitoring ctDNA levels in a specific disease
setting may support a rationale for indications that could be categorized together and/or
prioritized for evidence generation. As noted above, and through Friends’ previous work, the
value of the use of ctDNA levels to monitor treatment response has been demonstrated in the
metastatic NSCLC setting, and the indication serves as a use case to apply the characteristics
of the indication to other indications (Table 3).
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Table 3: Characteristics of Therapeutic Indication Impacting

Use of ctDNA as an Endpoint

Characteristic

Considerations

Use Case: Metastatic
NSCLC

Biology of Cancer Type

The biology of the specific tumor type,
histology, size, vascularity, and location may
result in variable ctDNA shed rates impacting
the relevance and feasibility of using ctDNA
levels as an endpoint.

Tumor Stage

The stage of the tumor may impact the ctDNA
shed rates and early-stage tumors may shed
less, impacting detection of ctDNA levels for
use as an early endpoint.

Shown to have high shed
rates in the metastatic
setting

Drug Class

ctDNA kinetics in response to treatment may
vary depending on the mechanism of action
of the treatment, which may impact the use
of ctDNA to compare outcomes across
treatment arms.

Ongoing work by
ctMoniTR in different
drug classes (10, TKs)

Treatment Schedule

The treatment schedule may impact the
CtDNA shed rates and ctDNA kinetics as well
as the timing of ctDNA collection and
measurement, therefore a fixed time to
sample may not be optimal for each study.

Some drugs for NSCLC
are given weekly or
every 3-4 weeks in most
instances

Definitive Treatment
(Early-Stage Setting)

The type of definitive treatment (e.g. surgery,
radiation, chemoradiation,

radiofrequency ablation) and success of the
resection or therapy will alter ctDNA levels
and should be considered for establishing
baseline ctDNA levels. Additionally, surgery
and radiation may impact ctDNA levels
differently with and without treatment.

Use of ctDNA is mostly
in the advanced setting,
where definitive
treatment does not
occur

Medical Necessity

The utility of other established surrogate
endpoints for certain cancers or patients (e.g.,
patients with unmeasurable disease) may
vary by indication necessitating other types of
endpoints that can potentially readout sooner
or be relevant in a specific patient population.

Safety/risk concerns with
repeated tissue biopsies,
and toxicities associated
with therapies demand a
need for a less invasive
monitoring tool, such as
liquid biopsies
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Sampling Considerations

The timing of when to measure ctDNA levels, both initially (baseline) and during follow-

up, is not currently standardized, and understanding ctDNA dynamics will require a level of
standardization for use as an endpoint. Differences in timing decisions are driven by disease
characteristics, treatment regimen and schedule, and assay technology. Additionally, the time
to therapeutic response and response durations may vary by types of treatment regimens.
Alignment across trials for similar drug classes and cancer types should be considered. For
clinical trials that use ctDNA levels as an early endpoint to measure treatment efficacy, sponsors
should:

+ Ensure impacts on the patient are considered when making decisions about timing for blood
draws. Focus on aligning with other clinical activities such as treatment administration and
scans.

« Collect a pre-treatment (including pre-surgery) baseline sample. A surgical sample may
also be valuable, especially for tumor informed assays.

« Consider timing of imaging, including collecting on-treatment ctDNA samples in parallel
with CT/MRI imaging scans to facilitate the exploration of how ctDNA response correlates
with accepted measures of clinical response, such as RECIST. However, additional timepoints
should be considered, especially before imaging scans, since changes in ctDNA levels may
be detected much earlier than disease progression assessed by an imaging scan in early-
stage disease.

+ Measure ctDNA levels at the end-of-treatment response assessment to fully capture the
treatment effect and consider collecting ctDNA during the DFS or OS follow-up period.

Evidence is needed to understand how timepoints impact our understanding of ctDNA
dynamics. Key questions to answer include:
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+ How frequently should samples be collected?
« Does frequency differ based on use case (e.g., tumor type, therapy)?

+ How does the frequency of therapy administration impact ctDNA kinetics, and therefore
collection?

+ How do you define a baseline sample within a specific clinical trial and therapy setting
(e.g., neoadjuvant versus adjuvant), and how soon should the sample be drawn (e.g. early-
disease setting after definitive surgery)?




Knowledge Gaps and Approaches to Support Evidence Generation

Current data provide a limited understanding of the variability in ctDNA dynamics across
different tumor types, tumor stages, treatment regimens, and treatment settings. Meta-analytic
approaches will help evaluate and support the use of ctDNA levels as an early endpoint to
monitor treatment across various disease settings and provide an opportunity for better
alignment in data collection and evidence generation.

Baseline ctDNA Levels Associated with Different Cancer Types

+ Challenge: Current data in the metastatic setting have shown variable baseline ctDNA shed
rates across different cancer types.”8 However, there is not a wealth of data on baseline
CtDNA shed rates in the early-stage setting, and data continues to be from disparate ctDNA
technologies, making pooled analyses across studies challenging. A better understanding
of pre-treatment ctDNA levels across tumor types and stages, assayed with multiple ctDNA
assay technologies, would be informative to begin to understand how the biology of the
cancer type and stage impacts ctDNA levels.

+ Potential Solution: Establish evidence regarding baseline ctDNA levels for cancer type and
stage across assays through a collaborative effort involving multiple diagnostic developers.
These data could support efforts to develop guidance on the use of ctDNA as an early
endpoint that can encompass multiple cancers that have shared characteristics, such
as shed rates, rather than focusing on individual cancers. Not only would baseline levels
support an understanding of the range of ctDNA levels in different stages and tumor types
to inform ongoing strategies, comparing different assay outputs will build a foundation and
identify key questions to support the harmonization of the endpoint across ctDNA assays.
This evidence could also support harmonized metrics for quantifying ctDNA levels, including
in early-stage disease.

Association Between Changes in ctDNA Levels and Response to Treatment in Early- and Late-
Stage Disease

+ Challenge: The majority of available data assessing associations between ctDNA changes
and patient outcomes to date is in the late-stage disease setting. Data is limited in early-
stage disease and determining whether associations observed in the advanced setting are
generalizable to early-stage disease is needed to help inform its use as an early endpoint in
the early-stage setting.

« Potential Solution: The ctMoniTR Step 2 Project asks the question: Do changes in ctDNA reflect
treatment response in metastatic disease? This project serves as a foundation for an aligned
methodology to generate evidence for use of ctDNA to track treatment response in the
metastatic setting, but also provides a framework to ask a similar question in early-stage
disease to determine whether associations between ctDNA level and patient outcomes
varies between these two settings and types of endpoints (e.g., ORR, PFS, OS).

FRIENDS OF CANCER RESEARCH



Harmonizing Assays that Measure ctDNA

+ Challenge: There are different methodologies, technological approaches, and metrics
for quantifying and reporting ctDNA levels (e.g., VAF, mtm/mL) across assays, which also
impacts the LOD of a given assay. These differences can impact the ability to conduct meta-
analyses and could lead to differences in how data are interpreted.

+ Potential Solution: Evaluating the ability of ctDNA to assess response to treatment using
a meta-analytical approach across multiple clinical trials and ctDNA assays, such as in
the ongoing ctMoniTR project, can help inform methodological approaches for analyzing
data across different assay technologies. This data can also help identify opportunities to
support greater alignment across assay quantification, determination of ctDNA “positivity”,
and reporting. Comparing associations between ctDNA and other established endpoints,
such as RECIST, will help evaluate differences in timing and duration of response and inform
what constitutes “meaningful change.” Once established, this could serve as a performance
benchmark for determining whether an assay is optimal for detecting clinically meaningful
changes in ctDNA levels.

Tumor Specific ctDNA Dynamics

+ Challenge: The extent to which changes in tumor clonality, and the tracking of specific
clones, can have an impact on the interpretation of associations between measured ctDNA
levels and clinical outcomes is not fully known. In studies investigating targeted therapies,
assays may be tracking molecular alterations of the therapeutic target. An important
consideration is whether only tracking those specific mutations impacts the understanding
of tumor dynamics as new subclones may emerge during the course of treatment.
Comparing results with assays that are not tumor informed may help understand the
impacts of subclones.

» Potential Solution: For these studies, sponsors should identify the mutations known to be
sensitive to the therapy and those that are known to be resistant to the therapy. If using
only the target of the therapy as the ctDNA marker, it is important to understand the impact
clonality changes may have on interpreting the results of the ctDNA measurements. Tumor
samples from patients with late-stage/metastatic disease could be used to assess both
tumor-informed and tumor-naive approaches, where a high disease burden increases
the tumor ctDNA and tissue amount for study. Alternatively, a similar analysis could be
conducted in specimens collected in the adjuvant setting (i.e., following post-surgery with
curative intent), with blood specimens collected pre- and post surgery.
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Standards

* Challenge: Patient samples, especially from clinical trials, are limited. Some evidence
suggests that contrived samples may be challenging to use across assays due to
differences in technologies of the assays and that it may be difficult to use contrived
samples for evidence development with tumor-informed methodologies.




« Potential Solution: A review and discussion of the various contrived samples available
would most likely show that some enable more assays to be evaluated than others. There
may be an opportunity to test contrived samples across multiple assays to identify the
best approach to creating them, if possible. Additionally, assay developers should consider
creating a shared resource of retained blinded remnants for ongoing quality control
assessments for assay performance.

Regulatory Considerations for Use of ctDNA in Oncology Drug
Development

Use of ctDNA as an Early Endpoint for an Accelerated Approval

Validated surrogate endpoints that predict clinical benefit can be used as the primary efficacy
endpoint in some clinical trials to replace traditional clinical outcome measures like OS. In
oncology drug development, this has helped spur innovation and bring life-saving therapies

to patients quickly and safely. When the surrogate endpoint is intended to replace a clinical
outcome for the purposes of regular approval, the validity of the surrogate endpoint to predict
a clinical benefit in a specific context of use must be established using robust evidence from
clinical trials and meta-analytical analyses. However, in the absence of a validated surrogate
endpoint, an early endpoint supported by less extensive evidence can support an accelerated
approval when the early endpoint is “reasonably likely to predict a clinical benefit.” This

would be limited to drugs for serious conditions that fulfill an unmet medical need and would
require confirmatory trials to verify benefit using a traditional clinical outcome measure. The
use of ctDNA as an early endpoint could be a plausible approach for use in oncology drug
development, as more extensive data continues to be generated, which may ultimately result in
CctDNA becoming a validated surrogate endpoint to support regular approval. When using ctDNA
as an endpoint in a clinical trial, it is necessary to define what is a clinically meaningful change.
Use of ctDNA as an early endpoint could be defined in many ways, including as a categorical
change from baseline to an on-treatment measurement (e.g., a 50% decrease from baseline),
based on the absence of ctDNA (e.g., ctDNA clearance), or including an assessment of duration
of the observed changes in ctDNA at a landmark timepoint. How clinical benefit is being defined
based on changes in ctDNA levels and what constitutes a clinically meaningful change should
be defined a priori. This will likely be dependent on the clinical setting and will also likely vary by
treatment, tumor, and assay type will impact use of ctDNA as an endpoint.

Meta-Analytical Approach for Analyzing Data to Validate Use of ctDNA as an Early Endpoint

Meta-analytical approaches merge findings from independent studies to measure an overall
effect and have been used to validate other novel early endpoints. Pooled analyses can also
increase confidence in observed associations between ctDNA levels and patient outcomes. The
terminology and definitions below provide further detail about statistical principles relevant to
the validation of an early endpoint:

- Individual-level association is the strength of the association between the early endpoint
and the true clinical endpoint.
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- Trial-level association is the strength of the association between the effects of treatment on
the early endpoint and the true clinical endpoint.

As outlined in recent FDA guidance documents,® to maximize the interpretability of data aimed
at supporting the use of ctDNA as an early endpoint, meta-analytic approaches should include:

« Details of trial designs, inclusion and exclusion criteria, ctDNA assessment, and disease
setting as well as justification for the suitability of pooling the studies.

« Trials that include a patient population representative of the population in which the
endpoint will be used.

+ An adequate number of randomized trials with sufficient follow-up time. The number of trials
to be included in the meta-analysis should be justified.

+ An analysis based on individual patient level data to allow an assessment of individual level
surrogacy.

« Prespecified criteria for concluding association based on both trial-level and individual-level
association measurements, including prespecified timing and window of ctDNA assessment.
Should explore sensitivity analyses based on different time windows.

« Long-term clinical endpoints, such as DFS/EFS, PFS, and OS, that have been clearly and
consistently defined across studies.

« Missing ctDNA assessments and reasons for missing data.

« Sensitivity analyses to demonstrate robustness of the early endpoint and subgroup
analyses.

« Statistical handling of unevaluable samples.

- Description of the rate of technical failure (e.g., no ctDNA detectable in sample, especially
relevant at baseline).

+ Potential confounding factors.

« Comparison of trials using different ctDNA assays and level cutoffs, capturing the assay
performance metrics (sensitivity, number of alterations examined, etc.)

Evidence Needed to Support Regulatory Use of ctDNA

While the number of studies demonstrating an association between decreased levels of ctDNA
and improved patient outcomes continues to grow, these studies on their own likely do not meet
the necessary threshold needed to support the use of ctDNA as a validated surrogate endpoint.
Evidence needed to justify use of ctDNA as an early endpoint will depend on the regulatory
context, whether it is being used as a supportive or primary endpoint, and other criteria. One
approach to accumulate evidence to support the use of ctDNA as an early endpoint is through
meta-analytic approaches. In some instances, these meta-analyses could potentially justify

the use of ctDNA as an early endpoint in the context of an accelerated approval. Meta-analyses
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can be challenging given the variability across trials incorporating ctDNA, including differences
in technologies used, disease and therapeutic types, and the schedule of assessment.
Collaborative research partnerships, such as the consortium that supported pCR as a surrogate
endpoint in breast cancer and the ctMoniTR project for use of ctDNA, are helping elucidate
strategies for bringing together disparate datasets and identifying opportunities for alignment
to support future meta-analyses across clinical trials.

Glossary of Key Terms

Baseline: The time before a treatment intervention for cancer, to assess ctDNA levels prior to
therapy.

Clonal Hematopoiesis of Indeterminate Potential (CHIP): The alteration or mutation of bone
marrow stem cells that gives rise to an outgrowth of affected cells.

Circulating tumor DNA (ctDNA): Tumor-derived fragmented DNA shed into a patient’s
bloodstream that is not associated with cells.10

ctDNA Changes: A variation or fluctuation in the levels of measured ctDNA over time, most likely
a change from pre-treatment levels to on-treatment levels. This may also be a categorical
change, such as presence or absence of ctDNA.

Early Endpoint: An endpoint that is reasonably likely to predict long-term clinical outcomes and
may be used to support an accelerated approval.

Early-Stage Disease: Specific TNM staging will vary depending on the cancer type but is
generally a localized cancer amenable to local intervention with curative intent.

Fixed size next generation sequencing (NGS) panels: A next generation sequencing (NGS) assay
that evaluates a pre-specified number and type of alterations in ctDNA.

Late-Stage Disease: Specific TNM staging will vary depending on the cancer type, but is
generally a cancer that has metastasized, and is not amenable to local intervention.

Limit of Quantitation (LOQ)/Limit of Detection (LOD): The lowest concentration of analyte that
can be consistently detected 95% of the time in a defined type of specimen.

Liquid Only or Tumor-Naive/Tumor Agnostic Assay: An assay that does not require tumor tissue
for creation and use of the assay, and relies on a pre-determined gene panel or whole genome/
whole exome sequencing to identify ctDNA variants.

Molecular Residual Disease (MRD): The persistence of a small number of malignant cells,
which may be undetectable by conventional screening methods, that is measurable by next
generation sequencing of the plasma.
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Mean Tumor Molecules per milliliter (mtm/mL): The average number of tumor molecules
detected in the ctDNA per milliliter of the patient’s plasma.

Tumor Fraction: The proportion of cell-free DNA derived from tumor cells in a blood sample.

Tumor Informed Assay: An assay that uses a patient’s tumor tissue to determine which genes
and alterations should be monitored in the blood.

Surrogate Endpoint: An endpoint used in clinical trials that does not directly measure clinical
outcomes as the clinical outcomes may take a very long time to study. The surrogate endpoint
predicts, or correlates with, clinical benefit and is accepted by the FDA as evidence of benefit
and can support a regular approval.

Variant Allele Fraction (VAF): The frequency at which the variant of interest at a specific locus is
detected in sequencing reads from a specimen.
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