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INntroduction

Friends of Cancer Research (Friends) is a leader in transforming oncology drug development and
regulatory policy, driving advancements in treatment through collaborative and innovative initiatives.
In 2024, Friends continued to foster partnerships between scientists, advocates, and other experts to
generate evidence-based solutions that tackle critical challenges in oncology drug development and
patient care.

Friends made strides in 2024, particularly in advancing our diagnostic harmonization portfolio. Notably,
we presented final results from our Homologous Recombination Deficiency (HRD) Harmonization
Project and launched a new project, the Digital and Computational Pathology Tool Harmonization
(Digital PATH) Project, which aims to evaluate alignment across computational pathology models that
assess HER2 status in breast cancer. Our diagnostic harmonization projects contribute to our broader
goal of developing harmonized approaches for biomarker and test performance (see more on these
projects in the Project Spotlight on page 12). Friends’ commitment to generating novel data to support
regulatory policy is exemplified through these efforts and our other research partnerships and policy
projects including our Real-world Evidence (RWE) Portfolio and our ctDNA for Monitoring Treatment
Response (ctMoniTR) Project.

The data generated from these partnerships, along with the outputs of our working groups, roundtables,
and policy research, constitute the core content of this Scientific Report, contribute novel insights, and
support ongoing policy discussions. This report aims to serve as a resource for stakeholders in drug
development, regulatory policy, and advocacy, by offering insights, evidence-based strategies, and
collaborative solutions that advance the field of oncology drug development for patients.

The 2024 Scientific Report includes the full text of our white papers and publications, which center
on four themes:

PATIENT-FOCUSED DRUG DEVELOPMENT
Enhancing Representativeness and Equity in Clinical Trials

INNOVATIVE DRUG DEVELOPMENT

REAL-WORLD EVIDENCE
Leveraging Data from Routine Clinical Practice in Oncology
3 Advancing Early Endpoints and Novel Evidence Pathways

COMPLEX BIOMARKERS
Harmonizing Measurement and Al Applications
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Patient-Focused Drug Development: Enhancing
Representativeness and Equity in Clinical Trials

Representation in clinical trials based on characteristics such as race, ethnicity, gender, age, and
performance status is critical for generating generalizable data on the safety and efficacy of oncology
therapies. In 2024, Friends assessed the current state of diversity in clinical trials and postmarketing
studies and identified recommendations to support development of diversity plans and trial designs for
future oncology clinical trials.

Specifically, Friends conducted an analysis of novel oncology drugs approved between 2012-2023 and
observed an increasing number of postmarketing requirements or commitments (PMR/C) to conduct
additional studies in populations that reflect the racial and ethnic (R/E) diversity of the U.S. population.
This increase in R/E PMR/Cs aligns with recent policies, such as the diversity action plan (DAP)
mandate that requires trial sponsors to consider diversity and representation when planning, designing,
and conducting clinical trials intended to support regulatory decisions. To help implement the DAP
mandate, Friends conducted a survey to assess sponsors’ current approaches to establishing enrollment
goals, strategies for recruiting, enrolling, and retaining diverse patients, and future needs for ensuring
representative trials. The findings from the survey informed a discussion document that was shared
during our public meeting in February.

The recent increase in novel oncology approvals with a R/E PMR/C aligned with the

timing of key guidance and policy on enhancing diversity in clinical trials.
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Source: Friends of Cancer Research. Drug Development Dashboard: Postmarketing Requirements (PMR)
and Commitments (PMC) for Novel Oncology Therapies.
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Ensuring diverse participation also requires addressing broader barriers to trial accessibility. Flexibilities
implemented during the COVID-19 pandemic, such as remote monitoring and telemedicine, have
demonstrated potential to reduce patient burden and improve accessibility. Friends’ joint analysis with
the American Society of Clinical Oncology (ASCO) of 83 trials found that these flexibilities had no major
impacts on reported protocol deviations and other trial quality metrics, underscoring their feasibility
for broader, longer-term implementation. By integrating these lessons into trial designs, sponsors can
enhance both diversity and inclusivity in clinical research.

GUIDANCE DOCUMENTS

e Cancer Clinical Trial Eligibility Criteria: Washout Periods and Concomitant Medications,
Draft Guidance, April 25, 2024

e Cancer Clinical Trial Eligibility Criteria: Performance Status, Draft Guidance, April 25, 2024

e Cancer Clinical Trial Eligibility Criteria: Laboratory Values, Draft Guidance, April 25, 2024

e Diversity Action Plans to Improve Enrollment of Participants from Underrepresented
Populations in Clinical Studies, Draft Guidance, June 26, 2024

e Considerations for Generating Clinical Evidence from Oncology Multiregional Clinical
Development Programs, Draft Guidance, September 17, 2024

e Patient-Focused Drug Development: Core Patient-Reported Outcomes in Cancer
Clinical Trials, Final Guidance, October 18, 2024

Real-World Evidence:
Leveraging RWD for Insights
on Real-World Response

Traditional clinical trials provide critical evidence to support regulatory decision-making, but they can
be resource intensive, restrictive, and not always reflective of real-world clinical practice. Clinical trial
flexibilities— such as the use of alternative data sources like real-world data (RWD) from electronic
health records (EHRs) and claims data—and the incorporation of pragmatic elements, including
streamlined safety data collection and telemedicine, offer patient-centered approaches to help bridge
the gap between clinical trials and real-world clinical practice. In 2024, Friends identified additional
opportunities to use these approaches to support oncology drug development. Building on our
RWE Portfolio, Friends published findings from our rw-Response Project, which demonstrated that
information on tumor response to therapy is consistently captured in clinician notes across various
RWD sources.
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These findings show how RWD can be used to assess response to treatment, providing insights into
how RWE may be used to supplement clinical trial data to support regulatory decision-making. This

work aligns with recent final FDA guidance on Assessing EHRs and Medical Claims Data to Support
Regulatory Decision-Making.

Hallmarks of pragmatic clinical trials for application in hybrid
designs. These features are indicative of a pragmatic approach,
although not all need to be present for a trial to be classified as
pragmatic. The inclusion of these elements can vary, reflecting a
spectrum rather than an all-or-nothing requirement.

Source: Stewart MD, et al. Bridging research and practice: enhancing regulatory decisions
with pragmatic clinical trials in oncology. See page 55.
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Of the submissions containing RWD received by CBER & CDER in 2023,
most were intended to satisfy a PMR/C.

INTENDED REGULATORY PURPOSE

Satisfy PMR

Satisfy PMC

Support Demonstration
of Safety/or Effectiveness

Support Labeling Change

o
N

4 6 8
SUBMISSIONS

I Protocol Submissions (n=14)
Il NDA/BLA Submissions (n=4)

Source: U.S. FDA. Real-World Evidence Submissions to the Center for Biologics Evaluation
and Research & the Center for Drug Evaluation and Research, 2023.

Incorporating pragmatic approaches, such as using insights from RWD, will depend on the research
question and trial setting, which may not be appropriate for every trial objective. Friends 2024 Annual
Meeting discussions and accompanying white paper outlined considerations for incorporating pragmatic
elements in clinical trials and presented several use cases where pragmatic approaches could be
implemented in postmarket clinical trials. Pragmatic elements facilitate patient-centered, streamlined, and
timely clinical trials, offering potential to enhance accessibility and efficiency. Future efforts should be
directed towards refining best practices for incorporating pragmatic elements and clarifying regulatory
expectations around their acceptability.

GUIDANCE DOCUMENTS

e Real-World Evidence: Considerations Regarding Non-Interventional Studies for Drug and
Biological Products, Draft Guidance, March 18, 2024

e Real-World Data: Assessing Electronic Health Records and Medical Claims Data To Support
Regulatory Decision-Making for Drug and Biological Products, Final Guidance, July 25, 2024

e Integrating Randomized Controlled Trials for Drug and Biological Products Into Routine Clinical
Practice, Draft Guidance, September 17, 2024
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Innovative Drug Development:
Advancing Early Endpoints and
Novel Evidence Pathways

Novel therapeutic classes continue to improve patient In 2024. FDA Approved
survival, challenging current trial designs and drug !

development paradigms. As our understanding of cancer New Cell and
and new therapeutic classes progress, new regulatory Gene Theraples
approaches and evidence-generation strategies will be for cancer

needed to facilitate timely approvals and access to therapies.

Cell and gene therapies exemplify an area poised for such a An increase compa red
regulatory paradigm shift. In 2024, the FDA approved three to previous years.

novel cell and gene therapies for the treatment of cancer,

including the first ever cell therapy indicated for treatment of solid tumors. These therapies are uniquely
complex and require resource intensive development and manufacturing. In certain instances, it may be
appropriate to consider how data can be safely extrapolated across products or product versions to support
efficient development of next generation products. In 2024, Friends partnered with the Parker Institute for
Cancer Immunotherapy to host a public meeting focused on considerations for reimagining cell therapy
trials and treatments for patients. The meeting identified scientific and operational challenges to current
cell and gene therapy development approaches, and key opinion leaders discussed innovative approaches
to reducing both the cost and duration of manufacturing and clinical development.

The use of early endpoints is critical to support early access to lifesaving therapies. However, benefits
observed using intermediate endpoints can conflict with interim data on overall survival (OS) used to
provide insights into efficacy and safety, making it challenging to interpret the interim OS data alongside
intermediate endpoints, such as progression-free survival (PFS) that are frequently used to support
expedited approvals. Interim OS data are often immature and may be unreliable due to small event counts
and limited follow-up. Friends 2024 Annual Meeting included discussions around strategies for improving
the analysis and interpretation of interim OS data in oncology clinical trials, to ensure these data can
continue to provide information to support expedited approvals.

To further support timely and innovative oncology drug development, Friends continued advancing research
and frameworks that support use of ctDNA as an early endpoint in oncology clinical trials, including through
our multi-year research partnership, the ctMoniTR Project.

GUIDANCE DOCUMENTS

e Considerations for the Development of CAR-T Cell Products, Final Guidance, January 30, 2024
e Use of ctDNA for Early-Stage Solid Tumor Drug Development, Final Guidance, November 27, 2024
e Accelerated Approval — Expedited Program for Serious Conditions, Draft Guidance, December 6, 2024
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Complex Biomarkers: Harmonizing
Measurement and Al Applications

In oncology, biomarker assessments provide critical information to clinicians and patients that guide treatment
decisions, monitor disease progression, and evaluate patient prognosis. Diagnostic tests used to detect and quantify
biomarkers, present in either tumors or blood samples, are increasingly sophisticated and complex, incorporating
capabilities such as artificial intelligence and machine learning (Al/ML) to enhance biomarker assessment.

Friends has led several initiatives to assess variability and identify areas for alignment across assays for
several biomarkers used in oncology research and care (see project spotlight on the next page). In 2024,
Friends presented and published results from the final phase of our HRD Harmonization Project. The observed
variability among HRD assays reiterated the opportunity for improved alignment on defining and measuring
HRD, as inconsistent results can impact treatment decisions for patients and providers.

In 2024, Friends launched our Digital PATH Project to assess variability across computational pathology
models evaluating HER2 biomarker status in breast cancer samples. Initial results shared in 2024
demonstrated variability in HER2 scoring across Al-models, with greater variability across algorithms
when scoring HER2 low tumors. As diagnostic testing technologies continue to evolve, such as through
integration of Al-enabled approaches, the development of unique validation approaches will be needed
to ensure that assays remain accurate, reliable, and suitable for clinical use.

GUIDANCE DOCUMENTS & POLICIES

e Laboratory Developed Tests, Final Rule, May 6, 2024

The number of Al/ML-enabled devices has rapidly increased in recent years.
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Diagnhostics

Harmonization Portfolio

Goal

Friends of Cancer Research (Friends) Diagnostics Harmonization Portfolio aims to assess variability
across different diagnostic tests, inform approaches to support harmonized test performance, and
support policy frameworks to facilitate the development of reliable and consistent tests for patients.

Background

Diagnostic tests play a crucial role in cancer research and care, including identifying new drug targets,
informing treatment decisions, and monitoring treatment efficacy and patient outcomes. An improved
understanding of human biology has enabled the development of more effective and safer targeted
treatments for patients with cancer. Diagnostic tests identify the presence or absence of biomarkers,
which are measurable characteristics of tumors, to select which patients may benefit from specific
targeted therapies.

Differences in regulatory pathways and methodological approaches for measuring and reporting biomarker
status can lead to inconsistent results among tests assessing the same biomarker. This lack of harmonization
can make it challenging for patients and providers to navigate test options and interpret test results.

Solutions

In a series of collaborations with diagnostic developers, patient advocates, government officials, pathologists,
clinical researchers, and drug developers, we assess the comparability of biomarker measurements across
different tests analyzing a common dataset, compare results, and identify opportunities to improve alignment.
The goal is to assess variability and concordance of biomarker measurements across different diagnostic
platforms. This can help ensure that patients have accurate results no matter which test they receive.

Policy Implications
In recent years, both the U.S. Food and Drug Administration (FDA) and Congress have worked to
modernize the regulatory approach to improve diagnostic test oversight.

Friends’ Diagnostics Harmonization Portfolio provides important scientific evidence to demonstrate
the need for improved oversight to ensure consistency and inform future policy considerations, including
opportunities for promoting transparency in test performance. Friends remains deeply engaged in these
policy discussions and leverages results from our research partnerships to develop innovative approaches
for assuring test accuracy.
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d Computational Pathology Tool Harmo

Background

Traditionally, pathologists examine tissue obtained through a biopsy to diagnose cancer, determine the
type and stage, and identify biomarkers that may indicate a tumor’s response to certain treatments and
other clinical insights. Digital pathology enables innovative approaches to these assessments through
the scanning and digitization of tissue slides for storage, viewing, and analysis. Tissue analysis of these
digitized slides can include the use of computational pathology platforms with artificial intelligence (Al)/
machine learning (ML) algorithms.

Approach

Friends convened a multi-stakeholder working group to evaluate HER2, an important biomarker for
identifying patients for HER2 targeting agents, in >1,100 whole slide images of breast cancer tissue
across ten computational pathology platforms to understand the level of variability in biomarker
assessment across platforms and factors impacting variability.

Impact

Digital and computational pathology platforms have the potential to provide greater accuracy,
reproducibility, and standardization of pathology features, expedite diagnosis or pathological scoring,
establish new biomarkers, and identify and select the appropriate patients for treatments—all of which
can contribute to improving patient outcomes. Supporting the robust development of these platforms and
identifying potential sources of variability will help to inform future use and advancements in technology
to deliver more precise patient care. Without Friends’ coordination and support from collaborative
sponsors, alignment across assays in evaluation and reporting of biomarkers critical to patient care may
not occur, resulting in continued challenges for patients and providers in interpreting test results.
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Do pathology results vary
across Al algorithms and what
contributes to variability?
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Pathology hold promise for
improving histological assessments
and advancing oncology drug
development. Understanding

variabilities within Al algorithms is crucial
for enhancing diagnostic accuracy and
consistency, which supports better
patient outcomes and more effective
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Patient-Focused
Drug Development:

Enhancing Representativeness and Equity in Clinical Trials




Impact of the COVID-19 pandemic mitigation strategies on cancer treatment trials:
A meta-analysis of industry and NCI studies.

Joseph M. Unger, Hillary Andrews, Laura A. Levit, Brittany Avin McKelvey, Mark Stewart, Emily Van Meter Dressler, Keith T. Flaherty, Peter Fredette, Lee Jones,
Therica Miller, Adedayo A. Onitilo, Timil Patel, Suanna Steeby Bruinooge, Elizabeth Garrett-Mayer, Caroline Schenkel; SWOG Statistics and Data Management Center/Fred
Hutchinson Cancer Research Center, Seattle, WA; Friends of Cancer Research, Washington, DC; ASCO, Alexandria, VA; Wake Forest University School of Medicine, Winston-
Salem, NC; Massachusetts General Hospital, Boston, MA; EQRx, Cambridge, MA; Fight Colorectal Cancer, Arlington, VA; Tisch Cancer Institute, Icahn School of Medicine at
Mount Sinai, New York, NY; Marshfield Clinic-Weston Center, Marshfield, WI; U.S. Food and Drug Administration, Silver Spring, MD; Children’s National Hospital,
Washington, DC

Background: ASCO and Friends of Cancer Research established a task force to evaluate trial
mitigation strategies allowed by US regulators during the COVID-19 pandemic, including the
use of telemedicine and remote monitoring. We report the results of a meta-analysis quan-
tifying the impact of these strategies on quality metrics and the recovery time to pre-COVID
levels. Methods: We invited 41 sponsors with active US cancer treatment trials from January
2015-May 2022 to contribute deidentified trial-level aggregate data on major protocol de-
viations (PDs), dropouts, severe or worse toxicity (CTCAE Grade 3-5), and enrollment. We
examined outcomes as proportions of participants at-risk during the pre-COVID, initial wave
(IW), initial recovery (IR), and secondary recovery (SR) assessment times (Table). Multi-level
beta-regression analyses were adjusted for trial phase (“early”, phases I, I, or I/, vs. “late”,
phase IIT) with study and sponsor as random effects. Indicator variables were used for post-
COVID time periods with pre-COVID as the reference. Results: Ten sponsors (9 industry and 1
NCI Cooperative Group) contributed 82 evaluable studies: 63 early and 19 late phase trials.
Among the 15,679 participants, enrollment odds decreased 64% in the IW and 45% in the IR but
recovered to approximately pre-COVID levels by the SR (Table). Major PDs, dropouts, and
severe or worse toxicity all had lower incidence in the IW compared to pre-COVID; these
outcomes were also less frequent in IR (p<.05 for each), but not in the SR (p>.05 for each)
compared to pre-COVID. Conclusions: Large declines in enrollment rates during the IW
rebounded to pre-COVID levels by 2021-2022. We found steep reductions in the rates of
reported occurrence of major PDs, dropouts, and severe or worse toxicity during the initial
outbreak, which also recovered to pre-COVID levels by 2021-2022. Findings suggest pandemic-
related procedural flexibility did not lead to increased reporting of PDs or dropouts and
highlight how use of mitigation strategies likely corresponded with the temporary disruption
to trial conduct during the pandemic’s peak. Sponsors could consider broader adaptation of trial
flexibilities moving forward. Research Sponsor: None.

Secondary
Initial Recovery (SR)
Pre-COVID Initial Wave (IW) Recovery (IR) (Jan 2021-Dec
(Jan 2017-Feb 2020) (Mar-Apr 2020) (May-Dec 2020) 2022)
Endpoint % %' OR %! OR %' OR
(95% CI) (95% CI) (95% Cl)
Mean monthly enrollment? 69.0 48.2 0.36 59.1 0.55 64.5 0.90
(0.21-0.63) (0.32-0.96) (0.52-1.62)
Major PDs 14.8 8.2 0.37 11.5 0.65 12.7 0.
(0.26-0.52) (0.47-0.90) (0.52-1.00)
Dropouts 37.8 8.3 0.09 24.7 0.44 31.2 0.80

(0.06-0.13) (0.32-0.59) (0.58-1.10)
Severe or worse toxicity 35.2 184 035 280 065 313 083
(0.26-0.48) (0.49-0.87) (0.61-1.13)

TAmong trials with both pre-COVID and follow-up data;
2Standardized 0-100 as proportion of maximum study-level monthly enrollment across time periods.
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An Evaluation of Novel Oncology Approvals with a PMR/C
for Assessing Data in Racial and Ethnic Populations

Underrepresented in Premarket Clinical Trials
Grace Collins', Hillary S. Andrews', Brittany McKelvey', Carrigan Rice?, Jeff D. Allen’,

and Mark D. Stewart'

ABSTRACT

Clinical trials supporting oncology drug approvals frequently
underrepresent diverse racial and ethnic populations. Recent
policies have focused on ensuring premarket clinical trials are
more inclusive and representative of racial and ethnic diversity in
the general U.S. population or intended patient population;
however, recent U.S. Food and Drug Administration (FDA)
guidance on postmarketing approaches to collecting data in un-
derrepresented populations demonstrates that, in certain cir-
cumstances, postmarketing requirements and/or commitments
(PMR/Cs) may be issued to conduct more representative studies
if there are remaining questions about safety or efficacy. This
analysis demonstrates that prior to 2020, no drugs had PMR/Cs

Introduction

Ensuring clinical trials include patients who represent the de-
mographics of the intended treatment population is necessary to
support a comprehensive assessment of a therapy’s benefits and
risks and inform optimal use. Recognizing this imperative, the
federal government, including Congress and the U.S. Food and
Drug Administration (FDA), has implemented policies to ensure
clinical trials are more inclusive and representative of the general
U.S. population and intended patient population based on charac-
teristics such as race, ethnicity, sex, gender, socioeconomic status,
and age. As part of these efforts, the FDA released several guidance
documents detailing standards for collecting race and ethnicity data,
launched clinical trial snapshots to improve transparency in
reporting demographic variables for pivotal clinical trials, and, with
their new authority provided under the Food and Drug Omnibus
Reform Act (FDORA) of 2022, established the requirement for
sponsors to submit diversity action plans which must include rep-
resentative enrollment targets for registrational trials supporting
new drug applications and biologics license applications (1-4).

'Friends of Cancer Research, Washington, District of Columbia. 2Georgetown
University, Washington, District of Columbia.

Corresponding Author: Grace Collins, Friends of Cancer Research, 1800 M
Street NW, Suite 1050 South, Washington, DC 20009. E-mail:
gcollins@focr.org
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to further characterize use in a more representative population,
and in the last 3 years, more than half of novel oncology ap-
provals have had such a PMR/C (21/40, 53%). In addition, this
analysis helps to identify characteristics, such as single-arm piv-
otal trial design, U.S. enrollment, and results of safety subgroup
analyses based on race and ethnicity, that may contribute to
decisions to issue a PMR/C to conduct a study that is more
representative of the racial and ethnic diversity of the U.S. or
intended patient population. These results can inform efforts to
improve premarket clinical trials to ensure they are representative
and able to characterize use in any patient who may need
the drug.

The focus of these efforts is primarily on improving representa-
tion in premarket clinical trials; however, FDA may exercise regu-
latory flexibility and issue postmarketing requirements and/or
commitments (PMR/Cs) to further evaluate a drug in situations
where additional information is needed to ensure the safety, effec-
tiveness, and quality of the drug after approval. Recent FDA guid-
ance has clarified that in certain circumstances, PMR/Cs may be
used to further characterize safety or efficacy in populations un-
derrepresented in premarket clinical trials (5). Patients from certain
racial and ethnic populations are disproportionately underrepre-
sented in clinical research, including premarket pivotal trials sup-
porting oncology approvals. To address this gap, in some cases,
approvals were accompanied by PMR/Cs requesting additional data
in underrepresented racial and ethnic populations (R/E PMR/C;
refs. 6-8). This analysis evaluates the trends in oncology PMR/C
studies from 2012 to 2023 focused on greater representation of race
and ethnicity, assesses characteristics of pivotal trials that may
prompt these studies to provide insights into FDA expectations, and
informs the development of more effective diversity plans and
premarket study designs.

Methodology

Using publicly available information on Drugs@FDA and the
Center for Biologics Evaluation and Research’s (CBER) page of
Licensed Biological Products with Supporting Documents, a list of
all PMR/Cs issued in the original approval letters of novel oncology
drugs and biologics (referred to herein as “drugs”) approved by the
FDA between 2012 and 2023 was compiled (9, 10). PMR/C de-
scriptions, statutes under which the PMR/Cs were issued, and final
report due dates were also collected from the original approval
letters. To identify PMR/Cs that emphasized the need for data in a
representative population, a key word search of PMR/C descriptions
was conducted using the terms “represent,” “racial,” “race,”
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Translational Relevance

The federal government, including Congress and the U.S.
Food and Drug Administration (FDA), has implemented poli-
cies to ensure clinical trials are more inclusive and representative
of the general U.S. population and intended patient population
based on characteristics such as race, ethnicity, sex, gender, so-
cioeconomic status, and age. In some cases, additional studies
may be necessary to further characterize safety or efficacy and
FDA may exercise regulatory flexibility by issuing postmarketing
requirements and/or commitments (PMR/Cs) specifying study
should be conducted in a representative population. This anal-
ysis helps to identify characteristics that may contribute to de-
cisions to issue a PMR/C to conduct a study that is more
representative of the racial and ethnic diversity of the U.S. or
intended patient population and can inform efforts to improve
premarket clinical trials to ensure they are representative and
able to characterize use in any patient who may need the drug.

“ethnic,” and “ethnicity,” and matching PMR/C descriptions were
reviewed to identify those that specifically addressed representation
based on race and ethnicity (R/E PMR/Cs).

Publicly available review documents on Drugs@FDA and CBER’s
web page of Licensed Biological Products with Supporting Docu-
ments were used to collect pivotal trial characteristics including trial
size, design (single-arm vs. randomized), patient demographics by
geographic region, race, and ethnicity and to assess results from
efficacy, safety, dosing, and pharmacokinetics (PK) subgroup ana-
lyses based on race and ethnicity. Review documents were also used
to identify instances where FDA commented whether the trial(s)
supporting approval were representative of the racial and ethnic
makeup of the intended patient population and/or U.S. population.

Results

Between January 1, 2012, and December 31, 2023, the FDA ap-
proved 144 novel oncology drugs and issued PMR/Cs to 98% (141/
144), 22 of which had a PMR/C specifying the need for additional
data in a population representative of the racial and ethnic diversity
of the U.S. and/or intended patient population (R/E PMR/C). Most
drugs with a R/E PMR/C (21/22, 96%) were approved from 2021 to
2023. Prior to 2021 (2012-2020), only 1 of the 104 drugs approved
had a R/E PMR/C (Fig. 1). Further analyses focused on the 40 novel
oncology drug approvals between 2021 and 2023, of which 53% (21/
40) had a R/E PMR/C (Fig. 1).

A total of 25 R/E PMR/Cs were issued across 21 drugs (three drugs
had two R/E PMR/Cs). Most were PMCs subject to annual reporting
requirements under section 506B of the Federal Food, Drug, and
Cosmetic Act (13/25, 52%). The remaining 12 were Accelerated
Approval (AA) requirements (8/25, 32%) or PMRs under 505(o) of
the Federal Food, Drug, and Cosmetic Act (4/25, 16%) that assess
serious risks or safety signals related to the use of the drug.

Approval characteristics

More than half of the drugs approved from 2021 to 2023 were
AAs (21/40, 53%). Of these, the majority had a R/E PMR/C (16/21,
76%). In contrast, only 26% (5/19) of drugs approved through the
traditional approval pathway had a R/E PMR/C (Table 1). Many
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approvals in this time frame received Priority Review (37/40, 93%),
Orphan Drug Designation (29/40, 72%), Breakthrough Therapy
Designation (22/40, 55%), and/or were first-in-class approvals (13/
40, 33%)—this was true for both drugs with and without a R/E
PMR/C.

Approvals supported by a single-arm pivotal trial (n = 31) were
more likely to have a R/E PMR/C than approvals supported by a
randomized controlled trial (RCT; n = 11). Two approvals were
supported by one randomized trial and one single-arm trial and are
included in the counts for both trial design categories. While 58%
(18/31) of approvals supported by a single-arm trial had a R/E PMR/
C, only 36% (4/11) of approvals supported by a RCT had a R/E
PMR/C. Likely because of these differences in trial design
(i.e., single-arm trials are on average smaller than RCTs), trials
supporting approvals with a R/E PMR/C were smaller on average
than trials supporting approvals without a R/E PMR/C (201 vs. 267).
Notably, all AA drugs were supported by single-arm trials.

When considering cancer type, R/E PMR/Cs were assigned to
drugs indicated for non-Hodgkin lymphoma (NHL; 6/8, 75% of
drugs approved for the indication received R/E PMR/Cs), non—-
small cell lung cancer (NSCLC; 3/6, 50%), multiple myeloma (5/6,
83%), gynecologic cancers (1/3, 33%), gastrointestinal cancers (3/3,
100%), breast cancer (2/2, 100%), and nasopharyngeal cancer (1/1,
100%; Table 1).

Pivotal trial demographics

The 40 drugs approved in 2021 to 2023 were supported by data
from 43 pivotal clinical trials. For each pivotal trial, patient demo-
graphics (race, ethnicity, and U.S. enrollment) of the primary effi-
cacy population used to support approval were compiled. Pivotal
trial demographics for indications that had both drugs with and
without a R/E PMR/C (i.e., NHL, NSCLC, multiple myeloma, and
gynecologic cancers) were further evaluated to identify any differ-
ences in pivotal trial patient demographics for drugs with a R/E
PMR/C (n = 15) versus those without a R/E PMR/C (n = 8;
Table 2).

Most pivotal trials reported race using the categories White (23/
23, 100%), Black or African American (21/23, 91%), and Asian
(23/23, 100%). On average, pivotal trials supporting approvals
with a R/E PMR/C enrolled 75.3% (36.8%-96%) White, 3.7% (0%-
7.3%) Black or African American, and 12.5% (0.6%-59.6%) Asian
patients compared to 74.4% (34%-95%) White, 6.6% (1%-18%)
Black or African American, and 12.9% (1%-59%) Asian patients
for drugs without a R/E PMR/C (Table 2). Other categories in-
cluded for reporting of race were American Indian or Alaska
Native (AI/AN; reported for 10/23 trials, 43%), Native Hawaiian
or Other Pacific Islander (NHPI; 8/23, 35%), Multiple (5/23, 22%),
and Other (13/23, 57%). Patients who identify as AI/AN or NHPI
were on average less represented in pivotal trials for drugs with a
R/E PMR/C [0.9% (0%-1.7%) and 0.5% (0.35%-1%)] than in
pivotal trials for drugs without a R/E PMR/C [1.6% (0.7%-4.2%)
and 1.3% (1%-1.6%)]. In addition to the reported categories, 78%
(18/23) of pivotal trials reported some degree of missing data for
race (Race Not Reported/Unknown/Missing). On average, pivotal
trials for drugs with a R/E PMR/C had more missing data for race
reporting compared to drugs without a R/E PMR/C (7.6% vs.
3.3%; Table 2).

Reporting of ethnicity (i.e., Hispanic/Latinx, Non-Hispanic/Lat-
inx, Other Ethnicity, and Not Reported/Missing/Unknown) was also
variable across pivotal trials (Table 2). Patients identifying as His-
panic/Latinx were less represented in pivotal trials supporting drugs




Figure 1. 20
Novel oncology approvals with and without a R/E
PMR/C over time. Most drugs with a R/E PMR/C were
approved from 2021 to 2023. Prior to 2021, only 1 of
the 104 drugs approved had a R/E PMR/C. 15
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with a R/E PMR/C [4.8% (0%-9.7%)] compared to drugs without a
R/E PMR/C [10.5% (2.7%-35%)] (Table 2). Most pivotal trials had
some degree of missing ethnicity data (18/23, 78%) and pivotal trials

2012 2013 2014 2015

14

17

O No R/E PMR/C
H R/E PMR/C

2016 2017 2018 2019 2020 2021 2022 2023

Year of Approval

Table 1. Characteristics of novel oncology drugs approved by the FDA between 2021 and 2023.

for drugs with a R/E PMR/C on average had a greater percentage of
patients without ethnicity reported compared to drugs without a
R/E PMR/C [14% (0%-21.9%) vs. 3.5% (0%-6.2%)] (Table 2).

Number of approvals n (%)

R/E PMR/C No R/E PMR/C Total
Total 21 (53) 19 (47) 40
Year of approval
2021 8 (50) 8 (50) 16
2022 4 (33) 8 (67) 12
2023 9 (75) 3(25) 12
Approval pathway
Accelerated approval 16 (76) 54) 21
Traditional approval 5(26) 14 (74) 19
Drug designation
Priority review 21 (57) 16 (43) 37
Orphan drug 15 (52) 14 (48) 29
Breakthrough therapy 11 (50) 11 (50) 22
First in class 7 (54) 6 (46) 13
Trial characteristics
Avg. primary efficacy population in pivotal trial (range) 201 (69-708) 267 (45-831) 231 (45-831)
Single-arm? 18 (58) 13 (42) 31
Randomized?® 4 (36) 7 (64) n
Indication
Non-Hodgkin lymphoma® 6 (75) 2 (25) 8
Non-small cell lung cancer 3 (50) 3 (50) 6
Multiple myeloma 5(83) 107) 6
Leukemias® - 4.(100) 4
Skin cancer — 3 (100) 3
Genitourinary cancers® — 3 (100) 3
Gynecologic cancers? 1(33) 2 (67) 3
Gastrointestinal cancers® 3 (100) - 3
Breast cancer 2 (100) — 2
Liver cancer — 1.(100) 1
VHL-related cancers — 1 (100) 1
Nasopharyngeal cancer 1 (100) - 1

2Two approvals were supported by one randomized trial and one single-arm trial and are included in the counts for both trial design categories.

®One drug was approved for leukemia and non-Hodgkin lymphoma and is counted for both indications under No R/E PMR/C.

“Bladder, prostate, and renal cell carcinoma.
dCervical, uterine, and ovarian (ovarian had R/E PMR).
©Colorectal and cholangiocarcinoma.
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Table 2. Consistency in reporting of demographic groups in pivotal trials for select indications of novel drug approvals between

2021 and 2023°

Average % of trial population

n Drugs (%) (Range)
R/E No
Total drugs PMR/C R/E PMR/C R/E No

Demographic category (n = 23) (n =15) (n=8) PMR/C R/E PMR/C
Race White 23 15 (100) 8 (100) 75.3% (36.8-96) 74.4% (34-95)

Black or African American 21 14 (93) 7 (88) 3.7% (0-7.3) 6.6% (1-18)

Asian 23 15 (100) 8 (100) 12.5% (0.6-59.6) 12.9% (1-59)
American Indian or 10 5 (33) 5 (63) 0.9% (0-1.7) 1.6% (0.7-4.2)

Alaska Native
Native Hawaiian or 8 6 (40) 2 (25) 0.5% (0.35-1) 1.3% (1-1.6)
Other Pacific Islander

Multiple Races 5 2 (13) 3(38) 0.5% (0.35-0.7) 0.5% (0-1)

Other Race 13 9 (60) 4 (50) 31% (0-7) 1.6% (0-3.6)

Race Not 18 12 (80) 6 (75) 7.6% (0.6-19.5) 3.3% (0-9)

Reported/Unknown/Missing

Ethnicity Hispanic/Latinx 19 13 (87) 6 (75) 4.8% (0-9.7) 10.5% (2.7-35)
Non-Hispanic/Latinx 20 13 (87) 7 (88) 81.8% (15-99) 88% (61-97)

Ethnicity Not Reported/Unknown/ 18 12 (80) 6 (75) 14% (0-21.9) 3.5%(0-6.2)

Missing
Other Ethnicity 1 1) 0 (0) 3.9% —
Geographic Region U.S. Population® 20 13 (87) 7 (88) 40.9% (12-73) 66.2% (14.9-100)

?Indications for which there was at least one approval with a R/E PMR/C and at least one approval without a R/E PMR/C (i.e., NSCLC, NHL, multiple myeloma,

gynecologic cancers).

>Two trials (one supporting a drug with a R/E PMR/C and one supporting a drug without a R/E PMR/C) reported enroliment for North America, which included

patients enrolled in the U.S. and Canada.

For reporting by geographic region, on average, pivotal trials for
drugs with a R/E PMR/C, reported fewer U.S. patients than pivotal
trials for drugs without a R/E PMR/C. Pivotal trials supporting
approvals without a R/E PMR/C were made up on average of 66%
(14.9%-100%) U.S. patients, compared to an average of 41% (12%-—
73%) U.S. patients for approvals with a R/E PMR/C (Table 2).

Subgroup analyses

Efficacy, safety, PK, and dosing subgroup analyses based on race
and ethnicity were assessed for all 40 drugs approved from 2021 to
2023. Three review documents for drugs with a R/E PMR/C and one
review for drugs without a R/E PMR/C included subgroup analyses
for multiple cohorts or clinical trials. Each subgroup analysis was
assessed leading to differences in the total subgroup analyses for
drugs with a R/E PMR/C (n = 24) and without a R/E PMR/C (n =
20) compared with the total number of drugs in each group (n = 21
and n = 19, respectively). Review documents frequently noted in-
sufficient data or small samples sizes which limited the ability to
draw conclusions from subgroup analyses. More reviews for drugs
with a R/E PMR/C noted there were limited data for efficacy (17/24,
71%), safety (14/24, 58%), PK (7/24, 29%), and dosing (6/24, 25%)
subgroup analyses based on race/ethnicity compared reviews for
drugs without a R/E PMR/C (Fig. 2A-D). A greater number of
subgroup analyses for drugs with a R/E PMR/C indicated there was
a potential difference across racial and/or ethnic subgroups than for
drugs without a R/E PMR/C, although these differences may not
have been clinically meaningful (Fig. 2A-D). Differences were ob-
served most in safety subgroup analyses for 29% (7/24) of drugs
with a R/E PMR/C and 25% (5/20) of drugs without a R/E PMR/C
(Fig. 2B).
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Discussion

Clinical trials supporting oncology drug approvals frequently
underrepresent diverse racial and ethnic populations. Prior to 2020,
the FDA had not explicitly requested postmarket studies for novel
oncology drugs be conducted in more representative populations to
address this gap. However, since 2020, there has been a notable
increase in the number of novel oncology approvals with a PMR/C
specifying the study should be conducted in a population more
representative of the racial and ethnic diversity of the U.S. pop-
ulation or intended use population. In the last 3 years (2021-2023),
more than half of novel oncology approvals (21/40, 53%) were
issued such a PMR/C. The timing of this increase in R/E PMR/Cs
aligned with the release of FDA guidance and legislation aimed at
enhancing representation in clinical trials. This analysis assessed
differences between approval characteristics for drugs with a R/E
PMR/C and those without a R/E PMR/C to identify factors that may
contribute to a drug being issued a R/E PMR/C.

Most notably, drug approvals supported by a single-arm trial
and/or that were accelerated approvals were more likely to receive a
R/E PMR/C. All accelerated approvals during this period were based
on a single-arm trial. Additionally, on average, trials for drugs with a
R/E PMR/C reported more missing data for both race and ethnicity
compared to trials without a R/E PMR/C. For indications in which
there were drugs with a R/E PMR/C and without a R/E PMR/C
(i.e., NHL, NSCLC, multiple myeloma, and gynecologic cancers)
pivotal trial demographics were consistent with previous analyses of
pivotal trial demographics that show a lack of representation of
certain racial and ethnic groups, in particular, Black or African
American and Hispanic/Latinx populations (7).




Figure 2.

Subgroup analyses based on race
and ethnicity for all novel drugs
approved between 2021 and
2023, Results of subgroup ana-
lyses based on race/ethnicity for A Efficacy
(A) efficacy, (B) safety, (C) dos- 100%
ing, and (D) pharmacokinetics

(PK) were compared for drugs 4 (20%)
without a R/E PMR/C.
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Despite efforts to standardize and improve transparency in
reporting of demographic data for novel drugs (e.g., Clinical Trial
Snapshots) there continues to be variable reporting of race and
ethnicity data. For reporting of race, FDA recommends sponsors
include, at a minimum, options to select AI/AN, Asian, Black or
African American, NHPI and White, as well as directions clarifying
that one or more of these may be selected (2). This analysis showed
some reviews did not report enrollment for all recommended race
and ethnicity categories, which may have been due to the timing of
data collection for the clinical trials or because there were no pa-
tients who identified as the missing races or ethnicities; however, in
some cases zero was reported if this was true. White and Asian were
the only two demographic categories assessed that were reported in
all review documents. Most trials included in this analysis were
conducted globally, so the missing data may be related to global
restrictions related to protected characteristics, such as race and
ethnicity, that prevent collection and reporting of these data
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(11, 12). Among the 20 trials that included information on U.S.
enrollment, trials for drugs with a R/E PMR/C had an average U.S.
enrollment of 40.9% (12%-73%). In contrast, trials for drugs
without a R/E PMR/C reported a higher average U.S. enrollment
rate of 66.2% (14.9%-100%). Notably, there were four drugs sup-
ported by trials that enrolled only U.S. patients and these drugs did
not receive a R/E PMR/C.

Another factor influencing whether FDA issues a R/E PMR/C is
the presence of potential safety signals observed in subgroup ana-
lyses. Review documents posted in support of drug approvals often
include subgroup analyses that assess whether there are differences
in efficacy, safety, PK, and dosing based on intrinsic factors such as
race and ethnicity. Review documents for drugs with a R/E PMR/C
and those without a R/E PMR/C indicated subgroup analyses are
often limited by small sample sizes and/or are incorporated as
secondary/exploratory analyses, limiting the ability to draw con-
clusions about whether meaningful differences in efficacy, safety,
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dosing, or PK exist across racial and ethnic subgroups. Despite these
limitations, subgroup analyses based on race and ethnicity occa-
sionally identify potential signals of a difference. Safety subgroup
analyses most often indicated a potential signal of a difference (n =
12). Of note, there were five instances where a safety subgroup
analysis by race and/or ethnicity indicated a potential difference and
no R/E PMR/C was issued.

The FDA’s commitment to ensure oncology trials reflect the di-
versity of the U.S. population should be considered with the evolving
nature of oncology clinical trials, including enhanced research capa-
bilities outside the U.S. Global clinical trial practices and regulatory
expectations influence diversity efforts and reciprocally, U.S. diversity
initiatives affect clinical trials worldwide. It will be important to know
how many patients should be enrolled in the U.S. to be considered
representative of the U.S. population, as well as how FDA considers
patients enrolled outside of the U.S. when determining whether a trial
is adequately representative. One PMC provided a benchmark for the
number of patients to be enrolled in the U.S. requesting the sponsor,
“conduct a clinical trial enrolling a total sample size of 100 patients in
the U.S. and Canada, that includes a sufficient representation of pa-
tients in racial and ethnic minority subgroups and is reflective of the
U.S. population of patients with nasopharyngeal carcinoma (NPC).”
Another PMC specified a benchmark for what FDA considers ap-
propriate representation of Black or African American patients for a
trial in multiple myeloma stating, “Ensure that the representation of
the African American subpopulation in the studies is reflective of the
Black population in the geographical location/country. Therefore,
approximately 15% of the population that is enrolled from the US
should comprise of African Americans.” Additionally, there is a need
for more consistent and transparent reporting of race and ethnicity.
Varying global definitions and restrictions on reporting for protected
characteristics, in particular race and ethnicity, can impact the ability
to assess whether a trial is adequately representative. Efforts to have
more uniform and complete reporting across clinical trials will help to
accurately assess the extent of underrepresentation, inform effective
strategies for enhancing diversity and inclusion in trials, and help with
assessing progress toward equitable clinical trials. Approaches for
addressing these gaps in data and global coordination around efforts
to enhance clinical trial diversity can be useful for ensuring data
necessary to assess differences across subgroups are available.

Finally, studies should be designed to assess effectiveness and
safety in different populations. In several cases, reviews noted the
subgroup analyses were limited due to small sample sizes. In certain
instances, such as when there are known differences between pop-
ulations or disparities in the disease burden, oversampling patients
from underrepresented subgroups may be warranted to improve the
ability to assess whether meaningful differences across subgroups
exist. As such, it will be important to evaluate when to power studies
adequately to assess whether meaningful differences in safety and
efficacy exist across racial and ethnic or other underrepresented
subgroups. When enrolling patients is challenging due to the rarity
of the disease, regulatory flexibility can be applied to answer these
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Executive Summary

Roughly 8% of adult patients with cancer participate in clinical trials, and among these participants,
there has historically been a lack of diversity.! This underrepresentation impacts the generalizability
of trial results and perpetuates health inequities. Recognizing this, the U.S. Food and Drug
Administration (FDA) announced guidance documents and initiatives, including Project Equity, to
encourage efforts to improve representativeness in oncology drug development. The recent Food
and Drug Omnibus Reform Act (FDORA) further solidified this effort by requiring Diversity Action
Plans for Phase Il clinical trials, which must consider race, ethnicity, age, and sex/gender.

A survey by Friends of Cancer Research evaluated how 23 drug sponsors are implementing FDA
guidance and FDORA mandates. Findings show that key steps include characterizing the population
of patients with a particular disease, identifying and analyzing diverse data sources, and setting
enrollment goals. This discussion document details two proposals to address challenges in data
availability and integration:

1. Central Repository for Biomarker Data in U.S./Canada: Create a centralized, nationally
representative repository for cancer biomarker data, inclusive of race and ethnicity data.

2. Collaborative Data Consolidation Efforts: Consolidate and harmonize data sources to bridge
gaps in data coverage and establish standards for collecting and reporting race and ethnicity
variables.

In addition to establishing enrollment goals, diversity plans must incorporate patient-directed
measures, community engagement, workforce-directed measures, and trial design considerations
to achieve these goals. Measures include:

e Building trust and partnerships in diverse communities.
e Lowering barriers to participation by addressing financial burdens and removing restrictive
eligibility criteria.
e Intentional site selection focusing on health centers serving diverse populations.
Sponsors should implement mechanisms to track progress towards achieving enrollment goals,
enabling them to reassess and adapt strategies, as necessary. This discussion document
emphasizes that to achieve the shared goal of more inclusive and representative patient populations

in clinical trials, a multifaceted approach involving robust data analysis, strategic planning,
community engagement, and inclusive trial practices is required.
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Introduction & Background

It is estimated that around 8% of adult patients with cancer participate in clinical trials in the United
States (U.S.).""% Further, of those patients participating in clinical trials, there is often a lack of
diversity and representativeness of the overall patient population with the disease.* Patients from
certain racial and ethnic populations are frequently underrepresented in oncology clinical trials, and
clinical research more broadly, despite these patients experiencing a disproportionate burden of
disease for several cancer types, such as breast, prostate, and multiple myeloma.>® This lack of
inclusion and representativeness in current clinical trials may hinder the generalizability of results to
the intended patient population, contribute to existing health inequities, and limit the potential to
personalize treatment to meet the unique needs of various patient populations. Actions to improve
inclusion of patients from underrepresented racial and ethnic groups in clinical trials are necessary
to achieve the broader goals of providing equitable healthcare and reducing health disparities.” The
U.S. Food and Drug Administration (FDA) recognizes the need for improved representativeness in
clinical trials as evidenced by the release of guidance documents, policies, public meetings, and
other initiatives such as Project Equity. These efforts provide recommended standards for race and
ethnicity data collection and reporting in clinical trials, provide considerations for broadening
eligibility criteria to be more inclusive, and describe measures that can lower barriers to
participation 81

In April 2022, the FDA released a new draft guidance document titled “Diversity Plans to Improve
Enroliment of Participants from Underrepresented Racial and Ethnic Populations in Clinical Trials,’
recommending trial sponsors develop Race and Ethnicity Diversity Plans for most investigational
medical products.’* The guidance states these Diversity Plans should include representative
enrollment goals for historically underrepresented racial and ethnic populations in the U.S., including
Black or African American, Hispanic/Latinx, Indigenous and Native American, Asian, Native Hawaiian
and Other Pacific Islander populations, and strategies for enrolling and retaining these patients on
clinical trials.

In December 2022, Congress passed the Food and Drug Omnibus Reform Act (FDORA), which
includes several provisions to enhance diversity and representativeness in clinical trials.’™ Among
these, the law codified components of the April 2022 guidance and expanded requirements to
consider age and sex/gender in Diversity Action Plans for Phase Il or other pivotal clinical trials for
investigational medical products, which will be represented in an updated guidance document from
the FDA. As outlined in the law, drug sponsors must submit Diversity Action Plans to the FDA by the
time they submit the study protocol for any Phase Il or other pivotal drug study, excluding
bioavailability or bioequivalence studies and include enrollment goals, rationale supporting these
goals, and a strategy for achieving these goals.

Considering these recommendations and requirements, drug sponsors have mobilized their teams
to implement measures that support the development, submission, and implementation of diversity
planning as part of the clinical development process.’® Friends of Cancer Research (Friends)
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surveyed 27 drug sponsors, as well as data aggregators, to assess specific approaches used to
implement the recommendations and requirements outlined in the April 2022 draft guidance and
FDORA and identify strategies for enhancing adoption of FDA recommendations. The following
questions were posed:

1. How are sponsors applying FDA guidance and recent FDORA mandates to set diversity
enrollment goals for oncology clinical studies? (e.g., U.S. enrollees and/or international)?

2. What key factors do sponsors consider when identifying data sources (e.g., the Surveillance,
Epidemiology, and End Results [SEER] data, EHRs, past clinical trials, registries, etc.) for
establishing benchmarks for population diversity (i.e., by race, ethnicity, sex, age group)?
What are known strengths and limitations associated with different data sources?

3. What types of data are difficult or not feasible to obtain from data sources? What approaches
are used to access information/data that may not be readily accessible/available (e.g.,
information on biomarker-defined subgroups)? What are the limitations of this information
and what approaches can be taken to overcome them?

In addition to responses to these questions, the goal was to better understand measures to achieve
enrollment goals.

Applying FDA Guidance

Since the release of the April 2022 draft guidance (and prior to its release in some instances), and in
anticipation of the FDORA Diversity Action Plan requirement coming into effect, sponsors have been
proactively implementing steps to achieve greater diversity in trials and voluntarily submitting
diversity plans to the FDA. Between April 2022 and April 2023, 42 sponsors submitted 76 diversity
plans across 40 oncologic indications to the Center for Drug Evaluation and Research’'s (CDER)
oncology divisions.' Although the currently available guidance focuses on diversity plans for
enrolling underrepresented racial and ethnic groups, sponsors indicated they are also incorporating
considerations such as age and sex/gender, and social determinants of health (SDoH) to ensure
enrollment goals represent the disease burden across patient populations. As the community works
toward implementing concepts in the guidance document and law, it is important to align on the
goals and intentions of these requirements, which can include 1) ensuring a sufficient number of
patients enroll and are retained from underrepresented racial and ethnic groups to determine
whether demographic factors impact safety and efficacy; 2) having global studies that represent
disease epidemiology and are generalizable to the intended use population in the U.S.; and 3)
enrolling as many underrepresented U.S. patients into clinical trials as possible to provide equitable
opportunities to participate in oncology clinical research and thereby reduce disparities in oncology
health outcomes across diverse, U.S. patient groups with cancer. The specific intention of including
more diverse patients in a clinical trial will have implications on the trial design, enrollment goal
setting, and statistical analysis plan.
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Data Analysis and Goal Setting

One of the key steps towards achieving more representative enrollment in clinical trials is
characterizing the population affected by a particular disease, including who it affects, where these
patients live, and understanding treatment and testing patterns. However, there is no standardized
source for these data or aligned methodology for capturing them, and therefore, goal setting can be
a complicated task because it may require synthesis of data from disparate sources. Various data
sources that include information on U.S. population-level demographic variables and disease
incidence and prevalence need to be identified and analyzed. Using these data, sponsors set
enrollment goals for U.S. enroliment in global studies and provide the rationale for these goals.

Setting enrollment goals for achieving diversity is part of broader U.S. initiatives to have more diverse
patients represented in clinical trials and clarify expectations around the proportion of patients who
should be enrolled from the U.S. This includes understanding what constitutes a clinical trial
population that is representative of the epidemiology and demographics of U.S. patients for whom
a therapy is intended to be used. Many sponsors run global development programs and conduct
clinical trials spanning multiple countries including the U.S. Therefore, sponsors may monitor
enrollment outside of the U.S. and identify ways to tailor enrollment from these countries to
supplement U.S. enrollment goals.

However, there is often a lack of robust, decentralized data sources to obtain similar information
about diversity outside of the U.S., which is largely due to incomplete collection, varying definitions
of race and ethnicity, and laws that prevent collecting this information in some countries.®
Additionally, lived experiences among similar racial and ethnic groups often vary from one country
to another. As a result, it is not clear whether or how enrollment of diverse patients from outside the
U.S. would be considered when determining whether diversity requirements are fulfilled, and
importantly, it also does not address the issue of unequal access to or participation in clinical trials
within the U.S.

Data Sources Used for Enroliment Goal Setting

Sponsors use a variety of data sources to inform clinical trial enroliment goals. Data sources are
selected based on several key factors, including the availability, completeness, and granularity of
variables in the data source; the timing of data collection; the representativeness of the data source;
accessibility of the data; and the expected reliability and acceptability of the data source by the FDA.

Data of interest include clinical factors such as histology, stage, co-morbidities, and relevant
biomarkers, demographic and non-demographic variables such as age, sex assigned at birth, race,
ethnicity, and SDoH such as income, education level, healthcare utilization, and insurance status.
Table 1 outlines a range of examples for select data sources used by sponsors to set enroliment
goals, which generally fall into four categories:

1. Epidemiological Data Sources are publicly accessible and useful for understanding disease
incidence, prevalence, survival, mortality, and other clinical information stratified by variables
such as age, race and ethnicity, and geographic area. However, sources like these lack
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granularity about clinical variables such as biomarker status and prior therapies. In addition,
disease progression data can be lacking and there can be time lags in data reporting of one
to several years for certain data elements leading to potential misalignment with other data
sources. Examples include the SEER Database and Centers for Disease Control and Prevention
(CDC) Databases.

Past Clinical Trial Data & Literature provide helpful estimates for benchmarking based on
prior clinical trial enrollment or evidence from retrospective database studies, prospective
observational studies, and multicenter studies. There may also be patient-level data on
clinical outcomes and clinical variables of interest. However, these data sources may not
represent the current standard of care and historically lack representation of patients from
diverse racial and ethnic groups. Additionally, race, ethnicity, and other socio-demographic
data tend to be poorly and inconsistently documented across published clinical trials.
Examples include sponsor-specific data/records from past clinical trials, literature reviews, and
meta-analyses of past clinical trials.

Real-world Data (RWD) Sources contain patient-level data and capture a range of treatment
information and other clinical data. RWD sources also have a variety of ways in which to
capture and define race and ethnicity. These data sources often lack SDoH information and
have variability in available demographic information, though some efforts have been made
to leverage other data points to establish SDoH variables.’ Additionally, these data sources
may not always represent the general population. There can also be inconsistency in the
quality and completeness of data across patients and RWD sources, and thus, the quality and
robustness of the data source will need to be evaluated. Examples include Electronic Health
Records (EHRs), healthcare medical claims data, and disease-specific registries.

Genomic Databases/Repositories are the most readily available source of biomarker data,
but they have inconsistent categorization of race and ethnicity data and include largely
patients served by large academic medical centers and patients of European descent.
Examples include The Cancer Genome Atlas (TCGA) Program, American Association for Cancer
Research (AACR) Project GENIE, and other clinical-genomic databases.
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PATIENT-FOCUSED DRUG DEVELOPMENT: ENHANCING REPRESENTATIVENESS AND EQUITY IN CLINICAL TRIALS
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Data Challenges

Sponsors must leverage multiple heterogeneous data sources to set enrollment goals, which can be
resource intensive and complex. As described in Table 1, different data sources have different uses,
strengths, and weaknesses. Combining multiple sources can help to collect all necessary data;
however, when using this approach to inform representative enrollment goals and develop strategies
to provide more equitable opportunities for participation in clinical trials to meet these goals, it can
be difficult to synthesize data across sources, particularly where data may be overlapping or are
inconsistent. In addition to the resources required and methodology needed for aggregating data
across sources, several gaps were identified in the existing data, including several variables of
interest that are challenging to obtain even when combining data:

Availability of clinical variables across data sources - With the increasing number of
approvals for targeted therapies that rely on biomarker testing to select eligible patients, there
is a need to improve approaches and sources for assessing biomarker frequency stratified
by race and ethnicity.?° In the absence of sufficient biomarker data by demographic group,
especially for novel biomarkers, one approach is to assume that the frequency of the
biomarker is equal across racial and ethnic groups thereby setting enrollment goals based on
the overall prevalence of the cancer, irrespective of biomarker status. Assumptions like this
may be difficult to test or validate with a high degree of confidence, within a particular clinical
context. These assumptions can also lead to underestimating disease burden in
underrepresented patients, and in turn, underestimating enrollment targets. Thus, it is difficult
to project whether a group may be underrepresented in a trial due to gaps in data for certain
populations. Other clinical variables that are difficult to obtain in some data sources include
the stage of cancer, tumor histology, line of therapy, and prior therapies.

Availability of non-clinical or non-medical variables — SDoH variables such as income,
education level, built environments, and social and community contexts are often not
routinely collected or reported likely due to a lack of standards for how this information
should be collected.?’ Some national data or U.S. Census data may have information related
to SDoH, but these data are not specific to cancers of interest. However, these data can
provide essential information for assessing barriers to, and facilitators of, patients’
participation in a clinical trial and how lived experiences influence health outcomes. In
addition, a lack of standards and reporting limit availability of data on the inclusion of sexual
orientation and gender identity and people with disabilities in clinical trials.??

Variable definitions for race and ethnicity data — The lack of appropriate and consistent
definitions for race and ethnicity impacts data collection, analysis, and reporting. The
granularity in which race and ethnicity data are collected also can vary. More granular
reporting of Asian populations (e.g., Korean, Japanese, and Chinese), and Hispanic and Latinx
populations (e.g., Spanish vs. Central/South American, Mexican, Argentinian, etc.) may be
necessary in some instances, and proposals are in place to implement a separate Middle
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Eastern or North African (MENA) race category to better distinguish individuals of MENA
descent who are frequently reported within the White race category. Currently, the Office of
Management and Budget (OMB) is reviewing proposals to update existing race and ethnicity
categories.?® These efforts are important because broad categories such as White, Asian,
Black, Hispanic, and non-Hispanic are frequently used, and there may be instances where
individuals may not identify with any of these broadly characterized groups or some
individuals may be multiracial. This in turn can result in inaccurate data, thereby skewing the
ability to establish and measure enrollment goals.

e Ex-U.S. data — Obtaining robust data from outside the U.S. presents another challenge.
Definitions for race and ethnicity not only vary in the U.S. but also vary globally, and there can
be legal restrictions in reporting and sharing this type of patient-level data in certain
countries. This poses challenges when clinical trials conducted with the intent to support U.S.
submissions include ex-U.S. sites that lack race and ethnicity data. The lack of unified race
and ethnicity data outside the U.S. makes it difficult to set enrollment goals for ex-U.S.
populations and to estimate the number of patients from underrepresented racial and ethnic
populations that could be enrolled outside the U.S. to help meet enroliment goals outlined by
sponsors in their diversity action plans. Though, even with more unified race and ethnicity
data availability outside the U.S., how these data would apply to achieving enroliment goals
in diversity plans in support of U.S. regulatory submissions is unclear. Additionally, while
sponsors set current enroliment goals with a U.S. focus, there is also a need to enroll clinical
trial populations representative of the entire population who will benefit from use of the drug,
particularly targeting patients in countries outside of the U.S. where there is an intent to apply
for approval or market the drug. Sponsors will also need to consider variations in lived
experiences among racial and ethnic groups in different countries if leveraging ex-U.S.
populations to meet U.S. enroliment goals.

Addressing Data Challenges

More work is needed to address these noted data challenges and several forward-leaning proposals
have been identified to address different aspects of data integration. Specifically, statistical
considerations will also need be considered for combining data sources to strengthen and minimize
limitations of any one data source.?* Additionally, clarity around the level of acceptable uncertainty
in estimating the characteristics of the intended patient population with respect to setting enrollment
goals and how the relevance/reliability of the data used to set enrollment goals will be considered.

Proposal 1: Central Repository for Biomarker Data in U.S./Canada

One approach to addressing the availability of clinical variables, particularly for biomarker
data, is to create a centralized repository that is nationally representative for multiple cancer
types, includes race and ethnicity data, and is broadly accessible. The BROAD Institute's
Repository for prostate cancer serves as one example.?° These efforts aim to identify sources
of variability across race and ethnicity groups, improve reporting standards, and promote
alignment on definitions for race and ethnicity. This initiative may also highlight inequities in
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biomarker testing, and thus, highlight the need for resources and strategies to close the gap
in biomarker testing across race and ethnicity groups.?

Proposal 2: Collaborative Data Consolidation Efforts

To address the challenge of needing to combine multiple data sources, efforts are needed to
consolidate and harmonize curated data sources. Collaborative data consolidation bridges
gaps in data coverage, providing a more comprehensive and accessible dataset for informed
enrollment goal decisions. To assist with consolidating multiple data sources, standards will
be necessary.

Government agencies are currently seeking proposals to establish standards for collecting and
reporting race and ethnicity variables to enhance primary data collection.?®> The SEER program
recently implemented changes to race and Hispanic ethnicity towards five mutually exclusive
categories: Non-Hispanic White, Non-Hispanic Black, Non-Hispanic Asian/Pacific/Islander, Non-
Hispanic American Indian/Alaska Native, and Hispanic.?® Additionally, legislative and policy efforts
may be necessary to enhance how race is assigned by the U.S. Census and reduce the
misclassification of race in cancer data. By working collectively, stakeholders can share the
responsibility of data collection and integration, making it a more efficient and cost-effective
endeavor.

Additionally, broad initiatives to improve reporting standards and promote alignment of definitions
for race and ethnicity are needed. This can include using Clinical Data Interchange Standards
Consortium (CDISC) standards as a framework for the structured exchange of clinical and non-
clinical research data to ensure that race and ethnicity data are collected and reported in a consistent
manner across different studies and data sources. Efforts to create and pilot updated eCRFs can
help to ensure that race and ethnicity data are consistent and comparable across different countries
and regions. This not only helps in achieving uniformity but also facilitates setting more precise
enrollment goals and ensures that the representation of diverse racial and ethnic groups is accurate.

Sponsors recognize the need for efficient data integration to inform enrollment goals and have
responded by investing in data integration solutions, establishing partnerships with data providers,
and developing standardized data collection protocols. Several strategies may help alleviate data
challenges. The use of standard electronic case report forms (eCRF) within the U.S. to capture
patient demographic information consistently across all clinical trials can help ensure a more holistic
view of representativeness across a sponsor’s clinical development programs as well as across
different sponsors. Additionally, providing definitions and guidance on race and ethnicity categories
in eCRF instructions can help improve the accuracy of data. Epidemiologists should be part of
diversity planning strategic discussions and several important questions are noted to consider:

e |s the occurrence of disease higher/lower in specific underrepresented racial and ethnic
populations?

e How does the age distribution of disease vary across racial and ethnic groups?
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e Do disease characteristics including biomarkers differ across racial and ethnic groups such
that we need to show efficacy in each?

e What is the burden of disease across underrepresented racial and ethnic populations,
including access to biomarker testing and treatment and morbidity/mortality?

e Dotrialinclusion/exclusion criteria disproportionately impact enrollment of certain racial and
ethnic populations and/or geographic locations?

Given the increasing number of precision medicine trials, biomarker data is becoming increasingly
important. Summarizing published and/or other available evidence per geographical region, number
of patients screened for the biomarker, type of biomarker tests, and other parameters can allow for
more accurate estimates of the target trial population. Such a comprehensive review of data helps
in determining how closely the study conditions mirror real-world settings (external validity) and the
degree to which the study findings are free from biases (internal validity).

Measures to Achieve Enroliment Goals

In addition to setting enrollment goals, diversity plans will need to outline measures for achieving
these goals. FDA's assessment of experience with diversity plans in the first-year after the April 2022
guidance identified strategies sponsors currently employ to achieve enrollment goals, including
patient-directed measures (84% of plans), community engagement (82%), clinical research
workforce-directed measures, and trial design considerations such as use of decentralized elements
(21%), and eligibility criteria considerations (21%)."” Survey responses highlight measures being
taken and outline some of the approaches that should be leveraged to recruit, enroll, and retain
diverse patient populations:

Building Trust and Partnerships in Diverse Communities

Sponsors should actively and continually work to cultivate new partnerships and sustain
relationships within diverse communities by partnering with community health centers serving
diverse populations, diverse providers, and other community organizations and patient advocacy
groups. These relationships can help build patient and provider trust in clinical trials, promote
participation, and gather valuable patient and provider feedback crucial for informing clinical
development programs. Engagement includes partnering with sites experienced in recruiting diverse
patients to understand successful approaches and leveraging these learnings to train and support
other clinical trial sites on the importance of including patients from underrepresented groups in
clinical trials. Partnerships with diverse sites and providers can also help to facilitate dialogue
regarding the specific needs of site staff to support effective recruitment and retention of patients.
Depending on the needs identified by site staff, participating sites can be supported with tailored
plans and resources including accessible patient-facing materials in various languages,
transportation services for trial participants, and trainings on communicating clinical trial
opportunities and processes.
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Sponsors should also consider how to effectively communicate clinical trial conduct and outcomes
with patients. Regular and accessible updates on ftrial processes, progress, and results at the
conclusion of the study (e.g., lay summaries of data) can help to build trust by enhancing
transparency, and help to empower patients by providing information to support self-advocacy.
Additionally, Sponsors should seek the input of health care providers and patient navigators from
underrepresented populations in all aspects of trial conduct and planning including collaborative
development resources and educational materials and trial design.

Engagement with diverse communities outside of the healthcare setting is also necessary to build
trust. Active participation in community events addressing SDoH and collaborative efforts with
community- and faith-based organizations on relevant public policy endeavors are critical
components of forming these sustained partnerships. Collaboration with community outreach
organizations and patient advocacy groups focused on narrowing health equity gaps is also
important. In addition, efforts should be made to develop tailored media and advertising, provide
translation services and multilingual materials to bridge language barriers to ensure there is
accessible information being disseminated about available clinical trials. It is critical that all patients
are provided the necessary information and asked to participate in clinical trials.

A deeper understanding of local dynamics within a community, as well as the power dynamics
between the community and research/healthcare system, can help to clarify how these factors
influence healthcare utilization and clinical trial enrollment and retention. A clearer understanding of
these dynamics can inform strategies to address these factors head on to enhance inclusion and
participation and facilitate a sustained engagement and commitment to diverse communities.

Lowering Barriers to Participation

To enhance enrollment and retention, sponsors should actively assess and address barriers that
hinder patient recruitment in clinical trials. Understanding these obstacles can facilitate access for
participants interested in clinical trials. For instance, sponsors should consider the financial burden
on patients enrolled onto trials, offering pre-loaded reimbursements for transportation,
accommodations, meals, and potential compensations for loss of earnings incurred due to trial
participation. In addition, financial burden (beyond travel expenses and other out of pocket costs)
continues to be a hurdle for many clinical trial participants, and can disproportionately affect some
therapeutic areas, such as those requiring very frequent, lengthy, or complex assessments,
indications that require extended research timelines, and/or treatment areas where even the
standard of care is not adequately covered for patients who have insurance or are participants in
government healthcare programs, such as Medicaid.?” FDA should work with HHS and other
agencies to ensure that these roadblocks are addressed in a way that allows sponsors to provide
the support needed to help ensure that clinical research is a realistic option across different
communities.

Sponsors should also evaluate protocols to identify areas for lowering barriers to enroliment, such
as removing overly restrictive eligibility criteria, when scientifically justified.?®?° Additionally,
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decentralizing aspects of a trial through the use of mobile units, telemedicine, and/or distributing
medicine through the mail can enhance accessibility. Other trial design aspects should be considered
to streamline protocols and reduce operational burden for both patients and investigators. This
process should include patient advocates and advocacy groups to regularly evaluate protocol
complexity and pinpoint areas where reducing the burden could encourage greater participation.
Industry should share best practices, and in particular, strategies that have a positive impact on
diversity in enrollment to learn from one another.

Intentional Site Selection

In addition to setting enrollment goals, sponsors should be intentional in their site selection by
identifying health centers and providers in community settings that serve catchment areas with
diverse patient populations and have diverse representativeness in trial personnel. Intentional site
selection is critical to ensure diverse communities have access to clinical trials, which can lead to
enrollment and retention of representative patient populations. Traditional site selection has focused
on historical site performance metrics (e.g.,, GCP/protocol compliance, data quality, ability to
efficiently recruit, enroll, and retain patients). However, as part of efforts to enroll more
representative populations, it is important to incorporate diversity considerations in site selection
processes. For example, site surveys and questionnaires, such as the Diversity Site Assessment Tool
(DSAT) developed by the Society for Clinical Research Sites, can be used to evaluate site readiness
in recruiting, enrolling, and retaining patients from underrepresented populations.®® These
assessments should encompass evaluating whether care incorporates cultural humility/safety,
availability of language services, site staff diversity, and patient-centric services. Given that practices
caring for underrepresented populations may be less likely to participate in clinical trials, dedicated
training programs should be offered to onboard and enhance the capabilities of sites without
previous experience engaging with clinical research, ensuring readiness to effectively participate in
clinical studies. These programs to bolster site readiness are necessary to achieve the longer-term
goal of cultivating a network of sites equipped to engage diverse patient populations effectively.

Real-time Tracking of Enroliment Progress

Implementing real-time tracking mechanisms to monitor enrollment progress can help assess
progress toward the achievement of enroliment goals and identify potential areas for improvement.
This approach allows sponsors to proactively understand actual versus projected enrollment status,
especially in enrolling individuals from historically or currently underrepresented racial and ethnic
groups, enabling them to reassess and adapt strategies, as necessary. Implementing a
comprehensive dashboard integrating site performance data, local diversity metrics, incidence data,
and risk factors could be one approach for providing a holistic view of trial progress. Analysis of
screen failure reasons offers insights into the effectiveness of tactics employed and facilitates
potential or appropriate adaptations. Overall, frequent evaluation of diversity plan progress can allow
for adjustments as needed.
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Conclusion

Improving the representativeness of diverse racial and ethnic groups in clinical trials while also
considering other diversity dimensions such age, sex/gender, and SDoH is necessary to address
health disparities and ensure equitable healthcare access. The lack of inclusivity in current clinical
trials can impact the generalizability of findings and enable continued disparities in health outcomes.
Efforts by the U.S. FDA underscored by draft guidance documents and the passage of key provisions
in FDORA signal a substantial commitment to enhancing diversity and representativeness in clinical
trials.

However, as sponsors navigate the implementation of these recommendations, systemic challenges,
particularly regarding availability of comprehensive data sources, need to be addressed and best
practices established for achieving enroliment goals. Between April 2022 and April 2023, 82% of
diversity plans submitted to CDER included enrollment goals and many included various measures
for achieving these goals. FDA provides feedback to sponsors who submit plans to support effective
implementation, which indicates the need for additional guidance in several areas to support
diversity planning: 90% of feedback focused on enrollment goals, 29% of feedback was on strategies
for enhancing accrual to meet the goals, and 29% on trial enroliment monitoring, with some feedback
focusing on multiple topics.”” To achieve more inclusive trials, a multifaceted approach is needed
that encompasses robust data analysis, strategic planning, community engagement, clinical trial
designs, and thoughtful site selection (Figure 1). While this effort will require significant investment
and resources, by addressing data challenges, partnering with communities, and implementing
inclusive trial practices, the community will realize a more equitable and representative clinical trials
system.

4
>
=
m
4
-
1
-
o
0
c
n
m
O
O
A
c
@
O
m
<
m
-
o
v
<
m
4
5%
m
4
I
>
4
g
4
@
A
m
v
A
m
(7]
m
4
-
>
=
<
m
4
m
(7]
(7]
>
4
O
m
Fo)
=
pur
<
z
0
=
=
0
>
-
-
2
>
-
(7]

39



‘019 ‘azIs Jown) ‘buibels

e1ep AlD1uy1a/a0el
1o} ssaubuissiw
MO| ‘RUSIBAIP
[9A8]-uonendod

suJaned uswiean
pue ‘solydelbowap
‘'shaains o1j10ads
-Y)|eay ui usping

(SdaN) Aeaing

|aued alnlipuadxy
[B2IPSIN ‘(STNVHN)
AoAINS uoleulWEeX]
UonINN pue

yieaH [euonen ‘(SIHN)

190ued o1}1099ds ou ‘synsal Jo buiysignd Bupyiewyouaq aseas|p buissasse ASAINS uonBWIO}U| sAkaAINg
PUE UOI109||02 B1EP JO 90Uaped/Bulwil 1oJ ueas|al ¥siJ 1e uonendod yijeaH [euonen pue $32IN0S
uaAlb a1ep-01-dn aq 10U ABW B1EP BWIOS ‘9z1s ajdwes ab.eT [e101 ay1 bunewnsy ‘leQ SNSUd) ‘SN 1USWIUIBA0D
Ajiqerien
B1ED JOMJEWOI] ‘BI1EP |ELY |EOIUND soI1s1810BIBYD s|eob Bupjewyouaq
Ul Selq UoI109|as ‘Blep aAlleluasaldal 9SEasIp [BOLIOISIY | ‘SOI1S1I910BIRYD 9SBaSIP AobB sjereolul|o sayoJess
pue 1ua1na apirodd 10u Ae 01Ul sybisul sapirold [ealio1siy Buiwiouy ‘PaNgNd ETEIE !
saseqelep
Japiroad [ealuljo Jaylo
‘(yyeaH Jouia) ‘sndwa
‘YijeaH uoine|4 “6°9)
Blep JayJewolq uo awlil-|eal | A19JBS pue SSaUBAII0D4}D elep (sYH3) spJooay
Buiiodal ajgeliea ‘ssauaia|dwodo/Aljenb | Jeau ‘elep olydelbowap sweal) bunenjeas y1|eaH 21u0J109|3
B1EP 9|gBLIBA 'S9SBD SUI0S Ul A1IDIUY1S pue ‘uoieuiojul olwoush ‘'S9SBASIP 90UdPIOU| ‘(s4ainsul a1eAld
90BJ UO e1EP BUISSIW ‘SSOJ0E 8JBJYYEAY | PpuB JuBW1eal) sainided -ybiy Joj seale pue | ‘SN “69) eiep Swied (amy) ereq
yum suoleindod painsul jo ainide) ‘e1ep [9A9-UBIled | salydelboab Bulkjnuap) |eoIpaWw aledyljeaH pllop-1esy
Aio1siy
1UBWIEaI] pue elep Jaxiewolq o1j10ads
2pN|oul 10U 0S|e ABW $92IN0S 3SaY) pue
‘sa110691e9 A1101UY1S pue 3okl BuISIXS 01 9|qIssaooe (40dN)
paliwli| ale papn|oul I pue ‘eiep AloIuyla A|isea/a|qejieae saliisibay Jaoued
pue aoeJ a19|dwooul ‘synsal jo Bulysignd | Ajdrgnd ‘'solydesbowsp S91BWI1Sd 10 weibold [euonen e1eQ
pue U0|109||0d ElEP JO 3doUaped/Bullll uo eiep buissiw mo| olydesbowap pue (0@D) uonuanald | |eaibojolwspldl
uanlb a1ep-01-dn aq 10u Aew eiep | ‘uonendod ‘SN UBIIAID ‘90UBpIoUl ‘@ous|ensld pue |0J1u0) aseasi| a|qe|ieAy
3WOS ‘SUOIIBIIPUI BJEJ UO Blep paliwlT 9yl Jo aAllBIUSSaIdaY | oseasip Bulpuelsiapun | 104 SJa1ua) ‘eieq ¥33s Ajd1and
suoneywi syibuans sabesn sa|dwex3 o1}10ads adA|

S|00H JUBSWI||0IUT WUIOU| O] Pas S224N0S 1P J JO mw_QEOxm_ 108|885 ‘| {|gPL

FRIENDS OF CANCER RESEARCH 2024 SCIENTIFIC REPORT



References

12

Unger JM, Vaidya R, Hershman DL et al. Systematic Review and Meta-Analysis of the Magnitude of
Structural, Clinical, and Physician and Patient Barriers to Cancer Clinical Trial Participation. JNCI J
Natl Cancer Inst 2019;111:245-255.

Murthy VH, Krumholz HM, Gross CP. Participation in Cancer Clinical Trials: Race-, Sex-, and Age-
Based Disparities. JAMA 2004;291:2720.

Tejeda HA, Green SB, Trimble EL et al. Representation of African-Americans, Hispanics, and Whites
in National Cancer Institute Cancer Treatment Trials. JNCI J Natl Cancer Inst 1996;88:812—816.

Woods-Burnham L, Johnson JR, Hooker SE et al. The Role of Diverse Populations in US Clinical
Trials. Med 2021;2:21-24.

Zavala VA, Bracci PM, Carethers UM et al. Cancer health disparities in racial/ethnic minorities in the
United States. Br J Cancer 2021;124:315-332.

Fashoyin-Aje L, Beaver JA, Pazdur R. Promoting Inclusion of Members of Racial and Ethnic Minority
Groups in Cancer Drug Development. JAMA Oncol 2021;7:1445.

Scharff DR, Mathews KJ, Jackson P et al. More than Tuskegee: Understanding Mistrust about
Research Participation. J Health Care Poor Underserved 2010;21:879-897.

U.S. Food and Drug Administration. Inclusion of Older Adults in Cancer Clinical Trials. 2022.
Available at https://www.fda.gov/regulatory-information/search-fda-guidance-
documents/inclusion-older-adults-cancer-clinical-trials. Accessed December 8, 2023.

U.S. Food and Drug Administration. Cancer Clinical Trial Eligibility Criteria: Patients with Organ
Dysfunction or Prior or Concurrent Malignancies. 2020. Available at https://www.fda.gov/regulatory-
information/search-fda-guidance-documents/cancer-clinical-trial-eligibility-criteria-patients-organ-
dysfunction-or-prior-or-concurrent. Accessed December 8, 2023.

U.S. Food and Drug Administration. Cancer Clinical Trial Eligibility Criteria: Brain Metastases. 2020.
Available at https://www.fda.gov/regulatory-information/search-fda-guidance-documents/cancer-
clinical-trial-eligibility-criteria-brain-metastases. Accessed December 8, 2023.

U.S. Food and Drug Administration. Cancer Clinical Trial Eligibility Criteria: Minimum Age
Considerations for Inclusion of Pediatric Patients. 2020.Available at
https://www.fda.gov/regulatory-information/search-fda-guidance-documents/cancer-clinical-trial-
eligibility-criteria-minimum-age-considerations-inclusion-pediatric-patients. Accessed December 8,
2023.

U.S. Food and Drug Administration. Cancer Clinical Trial Eligibility Criteria: Patients with HIV,
Hepatitis B Virus, or Hepatitis C Virus Infections. 2020. Available at https://www.fda.gov/regulatory-
information/search-fda-guidance-documents/cancer-clinical-trial-eligibility-criteria-patients-hiv-
hepatitis-b-virus-or-hepatitis-c-virus. Accessed December 8, 2023.

v
>
=
m
4
-
1
-
o
0
c
n
m
o
O
A
c
@
O
m
<
m
-
o
v
<
m
4
5
m
4
I
>
4
g
4
@
A
m
v
A
m
(7]
m
4
-
>
=
<
m
4
m
(7]
(7]
>
4
o
m
Fo)
=
-
<
z
0
=
=
0
>
-
-
2
>
-
(7]

41



14

15

16

17

18

19

U.S. Food and Drug Administration. Draft Guidance for Industry: Postmarketing Approaches to
Obtain Data on Populations Underrepresented in Clinical Trials for Drugs and Biological Products.
2023. Available at https://www.fda.gov/regulatory-information/search-fda-guidance-
documents/postmarketing-approaches-obtain-data-populations-underrepresented-clinical-trials-
drugs-and. Accessed December 8, 2023.

U.S. Food and Drug Administration. Draft Guidance for Industry: Diversity Plans to Improve
Enrollment of Participants From Underrepresented Racial and Ethnic Populations in Clinical Trials.
2022. Available at https://www.fda.gov/regulatory-information/search-fda-guidance-
documents/diversity-plans-improve-enrollment-participants-underrepresented-racial-and-ethnic-
populations. Accessed December 8, 2023.

The Food and Drug Omnibus Reform Act of 2022 (FDORA); Section 3602-3604. 2022.

Fashoyin-Aje LA, Tendler C, Lavery B et al. Driving Diversity and Inclusion in Cancer Drug
Development - Industry and Regulatory Perspectives, Current Practices, Opportunities, and
Challenges. Clin Cancer Res Off J Am Assoc Cancer Res 2023;29:3566—-3572.

Fashoyin-Aje LA, Boehmer J, Antony R et al. Voluntary Submission of Diversity Plans to Oncology
Review Divisions in the Center for Drug Evaluation and Research (CDER) Following FDA Draft
Guidance: Year one experience: April 2022 — April 2023. 2023. Available at
https://www.fda.gov/media/174160/download?attachment. Accessed December 14, 2023.

Institut national de la statistique et des etudes économiques. Ethnic-based statistics. Inst. Natl.
Stat. Etudes Economiques. Available at https://www.insee.fr/en/information/2388586. Accessed
December 8, 2023.

Guadamuz J, Calip GS, Altomare | et al. Mediators of racial/ethnic inequities in clinical trial
participation among US patients with cancer, 2011-2022. 2023. Available at
https://cdmcd.co/ZKnAvw. Accessed December 15, 2023.

Gregory A. Vidal, Jain N, Fisher A et al. Practice- and provider-level inequities in next-generation
sequencing (NGS) testing by race/ethnicity for patients (pts) with advanced non-small cell lung
cancer (aNSCLC) treated in the community setting. J Clin Oncol 2023.
doi:10.1200/JC0.2023.41.16_suppl.6508.

White House Office of Science and Technology Policy. The U.S. Playbook To Address Social
Determinants of Health. 2023. Available at https://www.whitehouse.gov/wp-
content/uploads/2023/11/SDOH-Playbook-3.pdf.

The White House Office of Science and Technology Policy. FACT SHEET: Biden-Harris
Administration Releases First-Ever Federal Evidence Agenda on LGBTQI+ Equity | OSTP. White
House. 2023. Available at https://www.whitehouse.gov/ostp/news-updates/2023/01/24/fact-sheet-
biden-harris-administration-releases-first-ever-federal-evidence-agenda-on-lgbtgi-equity/. Accessed
December 8, 2023.

Office of Management and Budget (OMB). Notice and Request for Comment: Initial Proposals For
Updating OMB's Race and Ethnicity Statistical Standards. Fed. Regist. 2023. Available at
https://www.federalregister.gov/documents/2023/01/27/2023-01635/initial-proposals-for-
updating-ombs-race-and-ethnicity-statistical-standards.

FRIENDS OF CANCER RESEARCH 2024 SCIENTIFIC REPORT



24 Jacobs F, D’Amico S, Benvenuti C et al. Opportunities and Challenges of Synthetic Data Generation
in Oncology. JCO Clin Cancer Inform 2023;7:€2300045.

25 Crowdis J, Balch S, Sterlin L et al. A patient-driven clinicogenomic partnership for metastatic
prostate cancer. Cell Genomics 2022;2:100169.

26  Surveillance, Epidemiology, and End Results Program (SEER). Race and Hispanic Ethnicity Changes
- SEER Documentation. SEER. Available at
https://seer.cancer.gov/seerstat/variables/seer/race_ethnicity/index.html. Accessed December 8,
2023.

27  Chino F, Zafar SY. Financial Toxicity and Equitable Access to Clinical Trials. Am Soc Clin Oncol Educ
Book 2019;:11-18.

28 Kim ES, Bruinooge SS, Roberts S et al. Broadening Eligibility Criteria to Make Clinical Trials More
Representative: American Society of Clinical Oncology and Friends of Cancer Research Joint
Research Statement. J Clin Oncol 2017,35:3737-3744.

29  Kim ES, Uldrick TS, Schenkel C et al. Continuing to Broaden Eligibility Criteria to Make Clinical Trials
More Representative and Inclusive: ASCO-Friends of Cancer Research Joint Research Statement.
Clin Cancer Res 2021;27:2394-2399.

30 Society for Clinical Research Sites. Diversity Site Assessment Tool. Available at
https://myscrs.org/dsat/. Accessed January 25, 2024.

4
>
=
m
4
-

1
-
o
0
c
n
m
O
O
A
c
@
O
m
<
m
-
o
v
<
m
4
5%
m
4
I
>
4
g
4
@
A
m
v
A
m
(7]
m
4
-
p -]
=
<
m
4
m
(7]
(7]
>
4
O
m
Fo)
=
pur
<
z
0
=
=
0
>
-
-
2
>
-
(7]

43






Real-World Evidence
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ABSTRACT

PURPOSE

MATERIALS
AND METHODS

RESULTS

CONCLUSION

Real-world data (RWD) holds promise for ascribing a real-world (rw) outcome
to a drug intervention; however, ascertaining rw-response to treatment from
RWD can be challenging. Friends of Cancer Research formed a collaboration to
assess available data attributes related to rw-response across RWD sources to
inform methods for capturing, defining, and evaluating rw-response.

This retrospective noninterventional (observational) study included seven
electronic health record data companies (data providers) providing summary-
level deidentified data from 200 patients diagnosed with metastatic non—small
cell lung cancer (mNSCLC) and treated with first-line platinum doublet che-
motherapy following a common protocol. Data providers reviewed the avail-
ability and frequency of data components to assess rw-response (ie, images,
radiology imaging reports, and clinician response assessments). A common
protocol was used to assess and report rw-response end points, including rw-
response rate (rwRR), rw-duration of response (rwDOR), and the association of
rw-response with rw-overall survival (rwOS), rw-time to treatment discon-
tinuation (rwTTD), and rw-time to next treatment (rwTTNT).

The availability and timing of clinician assessments was relatively consistent
across data sets in contrast to images and image reports. Real-world response
was analyzed using clinician response assessments (median proportion of
patients evaluable, 77.5%), which had the highest consistency in the timing of
assessments. Relative consistency was observed across data sets for rwRR
(median 46.5%), as well as the median and directionality of rwOS, rwTTD, and
rwTTNT. There was variability in rwDOR across data sets.

This collaborative effort demonstrated the feasibility of aligning disparate data
sources to evaluate rw-response end points using clinician-documented re-
sponses in patients with mNSCLC. Heterogeneity exists in the availability of data
components to assess response and related rw-end points, and further work is
needed to inform drug effectiveness evaluation within RWD sources.
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INTRODUCTION

Despite the rigor of clinical trials, further understanding of a
therapy’s effectiveness may still be needed. The use of real-
world data (RWD) to generate real-world evidence (RWE)
may fill these gaps and support evaluation of therapeutic
effectiveness. RWD may more readily capture the hetero-
geneity of the intended use population, provide information

FRIENDS OF CANCER RESEARCH 2024 SCIENTIFIC REPORT

on long-term safety and effectiveness, and identify off-label
use.! Recent efforts to increase research on and support use
of RWE include the 21st Century Cures Act,> Prescription
Drug User Fee Act VI*-VII,* the Food and Drug Omnibus
Reform Act of 2022,° and President Biden’s Cancer
Moonshot.® To support drug development and regulatory
decision making, there is a need to align on and further
evaluate the use of RWD, including standardizing data



CONTEXT

Key Objective
To develop an aligned methodology for assessing real-world response to treatment across disparate data sources.

Knowledge Generated

This methodological exercise supports the ability to align disparate data sources to evaluate rw-response in an aligned
patient population. Real-world response end points using clinician-documented response show relative consistency across
data sources.

JON3dIAT ATIOM-1V3IY

Relevance

Using real-world data (RWD) in clinical practice can greatly enhance the understanding of treatment effectiveness, inform
personalized care plans, and identify emerging trends in patient populations, ultimately improving health care quality and
outcomes. This study evaluated patients with metastatic non—small cell lung cancer (NNSCLC) who were treated with first-
line platinum doublet chemotherapy. It focused on the consistency and availability of data components in RWD sources,
such as clinician assessments and radiology reports. The objective was to develop a methodology for determining real-
world response (rw-response) and to explore its potential application in oncology research. The study demonstrated the
feasibility of integrating diverse data sources to evaluate rw-response end points using clinician-documented responses in
patients with mNSCLC. It highlighted the relative consistency of real-world response, underscoring the potential of RWD to
support oncology research and inform clinical decision making.

elements, aligning definitions, and reproducing methodol-
ogy across real-world (rw) data sets.

Friends of Cancer Research (Friends) previously convened key
stakeholders to participate in collaborative pilots?-° to define
rw-end points, including rw-overall survival (rwOS), rw-time
to treatment discontinuation (rwTTD), and rw-time to next
treatment (rwTTNT), and align these definitions across
multiple RWD sources to enhance generation of RWE on
patient outcomes. These pilots highlighted areas of concor-
dance in the direction and magnitude of treatment effect
measured through rw-end points across data sources when
using a common research protocol. However, the projects
found the common limitation that progression events were
not consistently captured, requiring an additional concerted
effort to evaluate approaches for capturing end points
assessing change in tumor burden, such as objective response
rate (ORR) and progression-free survival (PFS).

ORR is an informative regulatory measure that can be used as
an end point in single-arm trials, as causality is reasonably
inferred (ie, tumors do not typically shrink spontaneously).
Response rate is also evaluated earlier in the treatment
course and may be reasonably likely to predict clinical benefit
(ie, PFS and 0S).*° The duration and magnitude of response is
important to understand the treatment-response trajectory
and to ascribe clinical meaningfulness. Within clinical trials,
RECIST 1.1 outlines a standardized approach (ie, consistent
and objective mode of evaluation and cadence of assessment)
to capture the response of solid tumors to an oncology
treatment. However, there are challenges with character-
izing rw-response in solid tumors, as the components
necessary to measure RECIST-based response are not often

accessible or available in the electronic health record (EHR)
or assessed in a standardized manner outside of a protocol-
driven study. Recognizing the increased heterogeneity of
routine clinical practice, when compared with clinical trials,
this pilot project sought to (1) understand the availability and
feasibility of using specific RWD elements to assess rw-
response, (2) evaluate the potential to ascertain rw-response
using available data elements from the EHR, and (3) evaluate
the consistency of these measures across data sources.

MATERIALS AND METHODS
Standardization of Methods

A collaborative partnership of RWD providers, pharmaceutical
companies, academics, and government agencies jointly
developed the common protocol and statistical analysis plan,
including definitions on patient selection criteria, data ele-
ments, and outcomes (Data Supplement, Tables S1-S8). Each
RWD provider (cohort) assessed their deidentified, patient-
level EHR data to report uniform summary results (Data
Supplement). Contributing data providers included ConcertAl,
COTA Inc, Flatiron Health, Guardian Research Network and
IQVIA, Ontada, Syapse, and Tempus Al

RWD Cohort Development

Each cohort identified adult patients (age 18 years or older at
metastatic diagnosis) with histologically confirmed me-
tastatic non—small cell lung cancer (mNSCLC) by structured
or abstracted data, diagnosed between January 1, 2015, and
March 31, 2018 (inclusive) in their databases, a time frame
reflective of cohorts selected for previous pilots.”® All
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cohorts received institutional review board approval or ex-
emption. Patients received first-line (1L) treatment with
platinum doublet chemotherapy (PDC) regimens with or
without vascular endothelial growth factor (VEGF) receptor
antagonists (Data Supplement, Fig 1). Eligible patients were
documented as physically present at a practice or having an
encounter in the database on at least two separate occasions,
and patients were excluded if there was incomplete treat-
ment data (Data Supplement). Of the eligible patients, each
data provider performed random sampling to achieve a
cohort size of 200 patients. After sampling, an additional 20
patients were excluded from cohort G for not meeting eli-
gibility criteria. This sample size was chosen to ensure
uniformity across cohorts and for feasibility reasons, be-
cause of the level of data curation necessary. Clinical and
demographic characteristics were summarized using de-
scriptive statistics.

Assessment of Availability of Response
Data Components

Cohorts assessed the availability of core data components
during the assessment period. Components included images
(magnetic resonance imaging [MRI], positron emission
tomography-computed tomography [PET-CT], CT, and
other), image reports (MRI, PET-CT, CT, and other), and
clinician assessment of response (as stated in notes, where
response evidence was referenced from imaging, symptoms,
laboratory results, physical examination, pathology reports,
other sources, or was not specified). The data component

assessment was divided into two periods, baseline (time
from the metastatic diagnosis date to the day before the start
of 1L therapy, defined as the index date) and postbaseline
(time from the index date up to the earliest of the start of new
[second-line] treatment, 30 days after the last adminis-
tration of 1L treatment, death, or data cutoff), to identify
both baseline and postbaseline images or image reports for
response assessment. Evaluation of clinician assessment of
response was only conducted in the postbaseline period.
Results were summarized for the proportion of patients in
each cohort with each data component available within the
assessment period. Medians and IQRs were reported for
the number and timing of data components per patient. The
component source (image modality and indication for image
reports, or source for clinician response assessment in the
record) was treated as a categorical variable and reported as a
proportion of the total number of available data components.
Additional statistical considerations are described in more
detail in the Data Supplement.

Methodology for rw-Response End Points and
Parameter Estimation

Clinician assessment of response was used to determine rw-
response for all patients using the categories rw-complete
response (rwCR), rw-partial response (rwPR), rw-stable
disease (rwSD), rw-progressive disease (rwPD), rw-mixed
response (rwMR), and not evaluable (NE; Data Supplement,
Table S3). The rw-best overall response (rwBOR) was defined
as the patient’s best response, where rwCR was the most

Did not meet enrollment
criteria

Nongqualifying first-line

Patients with incomplete
treatment data

Random sampling to
200 patients per cohort

treatment during the study period  —
(January 1, 2015, and March 31, 2018)

Patient physically present at or having encounter
with health care system on two separate occasions on
or after January 1, 2015, until March 31, 2018

1

Qualifying first-line regimens: PDC (cisplatin,
carboplatin, oxaliplatin, or nedaplatin with
pemetrexed, paclitaxel, nab-paclitaxel,
gemcitabine, docetaxel, vinblastine, vinorelbine,
vincristine, doxorubicin, etoposide, irinotecan,
topotecan, or mitomycin) given separately or in
combination with VEGF receptor antagonists
(bevacizumab, ramucirumab)

Patient with greater than 90 days from time of
metastatic diagnosis to next clinical encounter.
— Patient with greater than 120 days from time of
metastatic diagnosis to evidence of first-line
treatment start

FIG 1. Flow diagram. mNSCLC, metastatic non—small cell lung cancer; PDC, platinum doublet chemotherapy; VEGF, vascular endothelial

growth factor.
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A

B c D E F G

Age at index, years <49 S S 7 6
50-64 31 40
65-74 37
>75 22 14
Sex Female
Male
Race White
Black or African American 13 14 6 15 19 10 1
Other/missing 21 10 1" 15 17 14 6
Ethnicity Hispanic S S 23 S S s S
Non-Hispanic [NETESE ssE
Unknown/missing 16 15 9 22 14 11 S
Practice sTe Nomacademic istiution IG5 I
Academic institution 10 34 31 s s s s Color legend
Unknown s s s [0 | s s s 100%
Year of Initial diagnosis Before 2015 S 5 S 7 S S S 90%
2015 38 38 39 30 32 34 23
2016 32 38 34 35 36 s a4 80%
2017 23 21 22 23 28 27 29 70%
2018 s s s s s © s
Year of index date 2015 33 35 36 31 30 31 23 60%
2016 36 35 37 34 32 39 50%
2017 24 23 25 23 28 32 31
2018 8 s 9 9 s 7 40%
Status at diagnosis Progressed/recurred 14 S S 8 S S S

Metastatic at Dx
Histology Nonsquamous cell carcinoma 20%

30%

Not documented

Squamous cell carcinoma 26 20 15 20 18 23 26 "
Other/missing S 22 8 7 12 10 S 10%
SrioKg ST Fistory of smoking N IS o
No history of smoking 8 10 13 8 S 14 7
Unknown/not documented S S S S 6 S
Performance status (ECOG) 0 22 24 24 6 12 12
1 40 37 34 15 34 15
2+ 18 19 21 7 10 18 s
Unknown __ar z e v
Metastatic site Brain only 10 9 10 14 7 n 14
Bone only 12 14 10 1 8 14 12
Brain and bone only s S s s S S S
Brain and other visceral mets 8 6 " 7 s s s
Bone and other visceral mets 17 22 24 12 n 12 18
Brain and Bone and other visceral mets S 6 6 s 6 s s
Brain mets with unknown other s s s s s s s
Bone mets with unknown other S S S S 7 S S
Other visceral only 30 27 34 T 30 31 33
Unknown/not documented 9 17 s 8 22 23 12
VEGF Receptor antagonists VEGF receptor antagonists 30 15 22 19 22 19 16
None 0 T

Other Treatment modalities Surgical intervention 5 S S S S S S
Radiation therapy 28 28 s 12 14 36 27
Other s s s s S S s
None 14 S S S S

FIG 2. Demographic and clinical characteristics of cohorts. Numbers represent the proportion of patients in each category. Shading
denotes the proportion of patients from white (0%) to dark blue (100%) to aid in visual comparison across cohorts. Data are suppressed (S,
in gray) if <5%. Dx, diagnosis; ECOG, Eastern Cooperative Oncology Group; VEGF, vascular endothelial growth factor.

across cohorts (range, 32%-61%) had more than one cli-
nician assessment (Data Supplement, Table S13). The timing
of clinician assessments was relatively consistent across
cohorts, with a median of 7.9 weeks between both the index
date to first assessment and first to second assessment
(Table 1, Data Supplement, Table S13). Across all cohorts,
imaging was the most frequently cited source of evidence for
clinician assessments of response (Data Supplement, Fig S3),
followed by symptoms.

rw-Response Estimates and End Points

There was relative consistency in rwRR (median, 46.5%,
range, 38%-53%) using clinician-documented response
across cohorts (Fig 4). A median of 22.5% (range, 11.7%-
26.0%) of patients did not have a response assessment
during the assessment period, and these patients had the
shortest follow-up time compared with responders and
nonresponders (Data Supplement, Fig S4). There was vari-
ability in rwDOR across data sets (Fig 5, Data Supplement,
Fig S5), and accounting for interval censoring substantially
increased the estimated variance.

The results of the sensitivity analyses were relatively con-
sistent with the primary analyses (Data Supplement,
Table S14).

The relationships between rw-response and rwOS, rwTTD,
and rwTTNT were analyzed. Relative consistency was ob-
served in the median estimates and directionality of the
time-to-event end points (rwOS, rwTTD, and rwTTNT)
across cohorts for responders compared with nonresponders
(Fig 6, Data Supplement, Fig S6). Like the short follow-up
time seen for patients with no response assessment, rwTTD,
rwTTNT, and rwOS were consistently shorter for those with
no response assessment than for both nonresponders and
responders (Data Supplement, Fig S6).

DISCUSSION

Overall, this collaborative effort assessed the availability of
data components to measure rw-response and evaluated the
consistency of the measure across RWD sources. The pilot
demonstrates the feasibility of aggregating data from var-
ious rw-data sets to generate RWE. Findings highlight
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FIG 3. Availability of rw-response assessment data components. Dot plots depict (A) the percentage of patients in each cohort with each data
component and (B) median number of data components per patient. The median number of data components is calculated only for patients with
at least one data component in the record (patients with 0 assessments are not included). rw-response, real-world response.

reasonable consistency in rw-response across disparate data
sources in an aligned patient population using clinician-
documented response.

The pilot used a common protocol, with all data providers
following an a priori agreed upon eligibility criteria, sta-
tistical analysis plans, and standardized definitions. For this
methodological exercise, the patient population reflected
previous Friends’ pilots during a time frame when chemo-
therapy was frequently used, focusing on PDC to remove
potential confounding of pseudoprogression with immu-
notherapy treatment.

Using RWD for causal inference can be challenging for many
reasons, including the need to ascertain relevant and reliably
detailed, longitudinal clinical characteristics. Data genera-
tion currently requires significant manual abstraction and

curation, which limited the sample size, highlighting the
challenges with evaluating rw-response and the need for
standardized structured RWD. RWD can be generated from
multiple sources, including EHR-derived and administrative
claims data; however, EHR data were necessary to ascertain
rw-response. Although many areas showed relative con-
sistency across EHR-derived RWD cohorts, areas such as
specific clinical characteristics (eg, other treatment mo-
dalities) and availability of imaging were more variable or
limited for some cohorts. To support causal inference, other
variables must be appropriately controlled to demonstrate
that tumor response is due to the treatment, not factors such
as concomitant therapies, additional modalities, or other
confounding factors.

The availability and extractability of images was limited and
varied significantly across cohorts. Privacy, contractual, and/

TABLE 1. Medians Across Cohorts Calculated From Summary-Level Statistics of Each Cohort

Component Baseline to Index

Baseline to Postbaseline First to Second Postbaseline

Images

Proportion with data, median (range) 28% (1.5%-92%)

22% (0.5%-79.5%) 29% (0.5%-86%)

Time between in weeks, median (range) 2.95 (2.4-5)

13.2 (7.3-18) 6 (3.29-7)

Image reports

Proportion with data, median (range) 88.80% (63.5%-98.3%)

75% (55%-85.6%) 85% (59%-87.2%)

Time between in weeks, median (range) 3.63 (2.3-4)

Index to Assessment

9.62 (7.5-18) 5 (3.7-6.3)

First to Second Assessment

Clinician assessment

Proportion with data, median (range)

77.50% (74%-88.3%)

44.50% (32%-61%)

Time between in weeks, median (range)

79 (6.9-8) 7.9 (6:9)

NOTE. The median time between data components is calculated only for patients with at least one data component in the record (patients with 0

assessments are not included).
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rw-Response Rate 42% 53% 46.5%

: I
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80

70

60

50

40

30
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40.5% 38% 52.5% 49.4%

= rwCR ® rwPR rwSD = rwPD

= rwMR NE m No assessment

Cohort

FIG 4. rw-best overall response and response rate across cohorts. The proportion of patients in each cohort with a given rw-best
overall response by clinician assessment of response. Response rate (above bars) is derived from patients with rwPR and rwCR, out
of total patients. Cohorts A-F, n = 200 patients; cohort G, n = 180 patients. NE, not evaluable; rw, real-world; rw-response, real-world
response; rwCR, rw-complete response; rwMR, rw-mixed response; rwPD, rw-progressive disease; rwPR, rw-partial response; rwSD,

rw-stable disease.

or compliance issues were stated as barriers to obtaining and
sharing images. Additionally, linking images to the EHR re-
quires a high level of interoperability, data management
(privacy and deidentification considerations), and storage that
may not be feasible for all institutions. This remains a tech-
nological and infrastructural challenge to using rw-end points.

Ascertaining rw-response from currently available EHR data
will likely need to rely on clinician assessments. Response
evaluated by the clinician’s assessment of a patient’s change
in disease burden was available for most patients across all

cohorts. Multiple imaging modalities were used, which may
make applying a RECIST-like assessment of response diffi-
cult. The clinician assessment considers a variety of inputs
(eg, radiology, physical examination, biomarkers, pathology,
and patient-reported symptoms), which introduces hetero-
geneity and subjectivity, although findings reported herein
demonstrate the source of evidence for most assessments was
imaging and image reports. The timing of clinician assess-
ments was relatively consistent across cohorts and reflects the
timing prescribed in PDC clinical trials where patients are
assessed every 6-8 weeks after random assignment,

A rwDOR Ignoring Interval Censoring B rwDOR Accounting for Interval Censoring
Median rwDOR (95% ClI, days) Median rwDOR (95% Cl, days)
0 50 100 150 200 250 300 0 50 100 150 200 250 300
84 A —————————— 115 (86, 199) A 118 (46, Inf)
106 B ———— 133 (108, 182) B 130 (96, Inf)
93 ¢ —_————— 146 (102, 210) c 123 (20, 320)
81 D 100 (74, Inf) D 63 (63, Inf)
76 E ———————— 119 (98, 231) E 84 (63, Inf)
105 F ——e——— 182(147, 287) F 112 (28, 217)
89 G ———i 126 (99, 164) G ° 99 (73, 330)
No. of Median rwDOR Median rwDOR
Responders (95% CI) (95% Cl)

FIG 5. rwDOR across cohorts. rwDOR (A) ignoring interval censoring and (B) accounting for interval censoring for patients with complete or
partial response (responders) across cohorts. Graphs show the median rwDOR with 95% Cls. rwDOR, real-world duration of response.
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FIG 6. rw-time to event end points by rw-response to treatment. Kaplan-Meier curves for responders and nonresponders for rwOS, rwTTNT, and

rwTTD, across cohorts. rw, real-world; rwOS, rw-overall survival; rwTTD,

rw-time to treatment discontinuation; rwTTNT, rw-time to next treatment.

indicating that patients treated outside clinical trials are likely
under similar active assessment or surveillance at regular
intervals. However, a proportion of patients did not have a
response assessment, possibly due to being lost to follow-up,
rapid decline, transfer of patient care, discontinuation of
treatment because of toxicity, or patient choice.

Using clinician assessment to evaluate rwRR was relatively
consistent across all RWD sources, albeit notably higher than
values observed in mNSCLC trials for patients treated with
PDC (rwRR median 46.5% compared with ORRs of 19.4%"
and 38.4%*). Given the lack of application of standardized
RECIST assessment criteria outside of clinical trials, a rwPR
can include any reduction of the tumor burden, not the
minimum of 30% reduction required by RECIST 1.1. Likewise,
the results showed a median of 11.5% of patients classified as
rwBOR of rwSD, while the trials referenced above had 51%
and 37% of patients classified as having stable disease, re-
spectively. Therefore, patients with small decreases in tumor
burden in routine clinical practice may be categorized as
partial responders, while these same patients would likely be
categorized as stable disease based on RECIST 1.1 criteria.
Durability of response can provide additional insight into
therapeutic efficacy, and rwDOR varied across cohorts in the
study, possibly because of the variability in timing of patient
assessments, variability in reporting of data, or other un-
measured or residual factors.

This study has several limitations. Data were aggregated
from various data providers, such that duplication of

FRIENDS OF CANCER RESEARCH 2024 SCIENTIFIC REPORT

patients may have occurred, and therefore data in the dif-
ferent cohorts may contain some of the same patients.
Furthermore, interval censoring may have made interpre-
tation challenging. The study also did not require patients to
have measurable disease, as would be required in clinical
trials using RECIST. Finally, although each data provider
used patient-level data, aggregate analyses across cohorts
were limited to interpretations from summary-level data.

The demonstrated feasibility of data providers’ adherence to
a common data model with relative consistency in rw-
response end points on the basis of clinician assessment
suggests rw-response warrants further exploration to in-
form drug effectiveness evaluation. There is a degree of
uncertainty in the relationship between RECIST-based as-
sessment and clinician assessment, which requires addi-
tional methodological development. Therefore, rw-response
end points are not directly comparable with RECIST-based
clinical trial response assessments and may best be lever-
aged for evaluation of response within RWD. Use of rw-
response may support evaluation of a treatment effect in a
specific population in the rw-setting or in subpopulations
that were underrepresented in clinical trials. The measure
may also be valuable for signal seeking to aid in identifying
populations in which to explore efficacy in future clinical
trials or for evidence to support label expansion of an already
approved therapy. Aligning methodologies for aggregating
and analyzing RWD will support use of RWD as a reliable and
consistent source of RWE to support oncology drug devel-
opment and regulatory decision making.
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Bridging research and practice: enhancing regulatory decisions with

pragmatic clinical trials in oncology

INTRODUCTION

Pragmatic clinical trials (PCTs) evaluate the effectiveness of
interventions in settings that more closely resemble real-
world settings, aiming to produce evidence directly appli-
cable to clinical practice. There is growing interest in using
PCTs as alternatives to explanatory clinical trials to support
regulatory decision making. Explanatory clinical trials
represent the conventional approach, driven by familiarity
with the methodologies and acceptance by regulatory au-
thorities.” Advocating for a shift away from the conven-
tional trials toward PCTs highlights the need for evolving
clinical trial designs to enhance research impact. This shift
reflects growing recognition of the challenges with con-
ventional trials, such as increasing design complexity and
highly selected patient populations.

To aid in adopting PCTs, drug sponsors may consider a
hybrid approach, integrating pragmatic elements into
traditional randomized controlled trials to streamline
research, enhance data relevance, ease patient burden, and
expand access to diverse patient populations. A ‘hybrid PCT’
balances real-world applicability with rigorous scientific
methodologies, addressing challenges with conventional
trial approaches while leveraging the benefits of pragmatic
approaches. In oncology drug development, incorporating
pragmatic elements can accelerate the availability of new
therapies and ensure the adaptability of research findings to
clinical practice while meeting regulatory standards.

DESIGN PRINCIPLES OF CLINICAL TRIALS WITH PRAGMATIC
ELEMENTS

Hybrid PCTs blend conventional methodologies with prag-
matic elements to meet specific research goals.” This inte-
gration aims to reflect real-world conditions and align with
regulatory frameworks. Explanatory trials often operate
under controlled conditions with stringent eligibility criteria,
appropriate for new molecular entities with limited safety
data early in development. Such trials require rigorous tu-
mor measurement and patient follow-up to ensure a
comprehensive assessment of response and safety. These
trials often enroll homogenous populations to minimize
confounding factors and isolate drug effects. This control
can simplify measuring treatment effects but can result in
complex protocols, limiting eligible sites and patients.

2949-8201/© 2024 The Author(s). Published by Elsevier Ltd on behalf of
European Society for Medical Oncology. This is an open access article under the
CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

In comparison, trials with pragmatic elements can
enhance the trial result applicability across broader patient
populations by reflecting everyday healthcare settings. This
is achieved through hallmarks such as broadened eligibility
criteria, accommodating patients with comorbidities,
poorer performance status, and older patient populations
(Figure 1).> Other pragmatic features are flexible treat-
ment delivery, and streamlined data collection, relevant for
therapies with known mechanisms of action or those not
first-in-class. The suitability of therapies for trials with
pragmatic elements depends on having an established
safety profile, a wider therapeutic index, and the feasibility
of administration in nonacademic settings.

Clinical trials with pragmatic elements can leverage
components to enhance the relevance and applicability of
their findings, such as using real-world data (RWD) and real-
world evidence from electronic health records, registries,
and patient-reported outcomes. These sources ensure the
trial setting mirrors real-world environments. Many PCTs
focus on comparative effectiveness, providing direct evi-
dence of the relative benefits and risks between treatment
options. These trials prioritize outcomes such as overall
survival (OS), patient experience, and quality of life, aligning
with patient and clinician priorities. Tumor-based endpoints,
such as progression-free survival, may not routinely be
included in a fully pragmatic study; however, they may still
be deployed in hybrid PCTs with other trial elements more
pragmatic, such as selective safety data collection or
broadened eligibility criteria. In addition, more pragmatic
intermediate disease endpoints such as time-to-
discontinuation and time-to-next-treatment can be consid-
ered indicators of greater treatment effectiveness.®

PRAGMATICA-LUNG: A CASE STUDY IN PRAGMATIC
CLINICAL TRIAL DESIGN

Pragmatica-Lung (NCT05633602) is a case study for inte-
grating pragmatic elements into an oncology trial.” The trial
evaluates a novel combination regimen within a real-world
context, aiming for regulatory submission based on clinically
meaningful outcomes.®° The design reflects a fully prag-
matic approach: broadened eligibility criteria to encompass
diverse patient profiles and streamlined data collection
prioritizing critical safety and efficacy endpoints. This helps
mitigate participant and site burden, enhances enrollment
rates, ensures the relevancy of findings to a broader pop-
ulation, and expedites the drug development timeline. By
reducing administrative and financial burdens, Pragmatica-
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Figure 1. Hallmarks of pragmatic clinical trials for application in hybrid designs. These features are indicative of a pragmatic approach, although not all need to be
present for a trial to be classified as pragmatic. The inclusion of these elements can vary, reflecting a spectrum rather than an all-or-nothing requirement.

Lung can make the trial more cost-effective and attractive
to sites, accelerate the time to activate a trial, and be less
disruptive to patients.

In Pragmatica-Lung, the endpoints align with the primary
research question: does ramucirumab plus pembrolizumab
extend OS compared with standard of care? Both therapies
in this novel combination are Food and Drug Administration
(FDA) approved and have extensive safety and efficacy data
as monotherapies for non-small-cell lung cancer. Rather
than measuring tumor size reduction or disease progres-
sion, the trial measures OS as the primary outcome and
incidence of severe adverse events as the secondary
outcome. This minimizes radiographic scans and additional
visits, prioritizing survival measures and key safety signals.
This regulatory-focused approach implements an efficacy
endpoint that is simple to measure and acceptable to reg-
ulators. Pragmatica-Lung was rapidly implemented within 7
months and is available at >500 sites across the National
Clinical Trials Network. It is on pace to complete enrollment
in half the estimated timeframe across a more represen-
tative set of patients compared with historical rates,
demonstrating the efficiency and ability of PCTs to reach
more patients.*°

Other examples of PCTs are the Targeted Agent and
Profiling Utilization Registry (TAPUR) study, exploring the
effectiveness and safety of approved cancer therapies used
for genomic indications not in the FDA-approved label.

FRIENDS OF CANCER RESEARCH 2024 SCIENTIFIC REPORT

Although the number of PCTs in oncology is difficult to
quantify, their use for regulatory decision making remains
limited.™

REGULATORY CONSIDERATIONS FOR CLINICAL TRIALS
WITH PRAGMATIC ELEMENTS

Pragmatica-Lung extensively incorporated pragmatic ele-
ments due to both products being approved for the same
population and supported by substantial efficacy and safety
data. Not all trials need to be as pragmatic; integration of
pragmatic elements can be tailored based on known drug
characteristics and research questions. The use of pragmatic
elements does not necessarily need to be limited to situa-
tions where a product is late in its development lifecycle.
Early regulatory engagement is critical to align on pragmatic
elements’ acceptability and required for drug assessment
and approval. These interactions ensure trial designs adhere
to regulatory expectations while leveraging flexibilities
associated with pragmatic trial elements. Given differing
familiarity and acceptance among health authorities, it is
essential to align with health authorities where submission
has been prioritized. Programs such as FDA’s Project Prag-
matica and Project 5 in 5 exemplify the growing endorse-
ment of PCTs to support regulatory decision making while
reducing complexity and improving the generalizability of
data.*®** In addition, the FDA’s C3TI program has initiatives
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focused on Bayesian supplementary analysis, selective
safety data collection, and streamlined trials embedded in
clinical practice, highlighting further commitment to
enhancing trial efficiency and relevance through innovative
trial designs.*®

CHALLENGES AND FUTURE DIRECTIONS

Conducting oncology research is challenging due to high
costs and logistical complexities. Simplified study protocols
and data collection processes can lessen the burden on
participants and providers, improving recruitment, reten-
tion, and compliance. Aligning trials with clinical workflows
minimizes disruptions and ensures settings mirror real-
world environments. This can also enable additional sites
to implement the study, enabling access to more
patients.ls'17

While offering advantages, trials with pragmatic elements
can present challenges that must be navigated carefully,
especially when intended for regulatory use. Early engage-
ment with regulatory authorities is necessary to align on
the acceptability of pragmatic elements and data adequacy
for benefit—risk assessments. Operational complexities may
arise when integrating research into routine care, requiring
investments in infrastructure and training. Balancing prag-
matism with scientific rigor remains critical. The degree of
pragmatism will depend heavily on the phase of the trial
and the safety profile of the treatment under study.

Variability in data quality and consistency can vary in less
controlled settings depending on the types of pragmatic
elements incorporated into a study design, which can
complicate interpretation. For example, broad inclusion
criteria, while beneficial for generalizability, can introduce
variability. Use of electronic health records, digital health
technologies, and other RWD sources should be evaluated
to ensure they are suitable for answering the research
question. Integrating RWD into trials allows researchers to
observe the interaction of new therapies with standard
treatments and understand the practicalities of their use in
typical healthcare environments. It also aids in identifying
patient subgroups that benefit most from certain treat-
ments, a crucial aspect of personalized medicine in
oncology. However, RWD quality, completeness, and con-
sistency are concerns given that it is collected for various
purposes beyond research. Lack of data interoperability
between different healthcare systems and the absence of
standardized collection methods also complicate aggrega-
tion and analysis of RWD. Trials with pragmatic elements
should have robust methods for data verification and vali-
dation to meet regulatory standards.

To successfully incorporate pragmatic elements into
future trials, several key strategies are necessary. First, there
is a need to continue broadening patient inclusion criteria
to ensure that trial populations accurately reflect the di-
versity seen in clinical practice. Second, a greater emphasis
should be placed on patient-relevant outcomes. Third,
leveraging technological advancements and data science to
harness RWD effectively will be important. Fourth,

prospective agreement among stakeholders on core data
elements, processes for collection, and analyses to be car-
ried out will help ensure successful implementation and
maximize the utility of the results.

CONCLUSION

Integrating pragmatic elements into oncology trials to
create hybrid PCTs offers a promising avenue for efficient,
relevant, and patient-centered drug development. Collab-
oration with patient advocacy groups, providers, regulators,
pharmaceutical companies, and other stakeholders ensures
trial designs are patient-centric and reflective of real-world
practice. Sharing experiences, challenges, and successes in
designing and implementing clinical trials with pragmatic
elements will build a knowledge base to guide future trials.
By addressing challenges and capitalizing on opportu-
nities, the drug development community can make signifi-
cant strides in advancing cancer care. The future of
oncology trials is poised to embrace pragmatic elements,
aiming to bridge the gap between research and practice,
ultimately improving patient care and outcomes.
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Executive Summary

Incorporating pragmatic clinical trial elements (i.e., pragmatic elements) into trial designs provides an
opportunity to reduce patient, site, and investigator burden, while increasing the generalizability and
applicability of trial results to the intended use population by more closely reflecting routine clinical
practice. Considerations for incorporation of pragmatic elements include the specific research question,
trial objectives and clinical setting, available safety and efficacy data on the treatment of interest, and
intended use of the trial results, including whether the data will be submitted for regulatory review. These
factors will influence the appropriateness and operationalization of incorporating selected pragmatic
elements and the level of risk assumed regarding trial integrity, data quality and missing data, and the rigor
of endpoint assessment.

Friends of Cancer Research assembled a working group of experts, including members from the U.S. Food
and Drug Administration (FDA) and National Cancer Institute (NCI), drug developers, patient advocates,
health technology data experts, and academic clinicians, to identify specific trial objectives in the
postmarketing setting to frame a discussion on the benefits and risks of incorporating pragmatic elements
into future trials. Introduction of pragmatic elements may be most feasible initially in the postmarketing
setting, where more is known about the safety of the product, and additional questions remain about its
optimal use in practice. Objectives in the postmarketing setting include postmarketing requirements or
commitments issued by the FDA following initial approval, or new interventional studies initiated by
sponsors seeking expansion of a product’s indication to additional patient populations.

The working group evaluated the following scenarios as example research objectives to guide discussion
of incorporating pragmatic elements in postmarket clinical trials. For each, we provide specific
considerations for increasing pragmatism:

e Conduct a clinical trial that enrolls racially and ethnically underrepresented patients in proportion to
their representation in the U.S. population of patients within the disease indication, in sufficient
numbers to characterize the safety and efficacy of the approved drug in the patient population.

e Conduct a clinical trial to further characterize the risk of a cumulative toxicity and potential mitigation
measures in patients receiving the drug.

e Conduct a clinical trial to characterize the safety and efficacy of the drug in a biomarker-selected
population expanded from the biomarker cutoff used for the initial indication.

As is true for any trial objective, for each of these three scenarios, not all pragmatic elements may be
appropriate. The scenarios illustrate opportunities to introduce pragmatism into a clinical trial and provide
considerations applicable to additional trial objectives. While incorporating pragmatic elements may
decrease burden, there may be an increase in risk for the data to be used for regulatory decision-making.
Therefore, thoughtful consideration should be given to the potential benefits and risks and early
interactions with FDA on trial design will be essential.

FRIENDS OF CANCER RESEARCH 2024 SCIENTIFIC REPORT



Authors

Ashita S. Batavia, Johnson and Johnson Innovative Medicine
Trixia Camacho, Bristol Myers Squibb

Gil Carrigan, Amgen

Allen Chen, AstraZeneca

Li Chen, Amgen

Scot Ebbinghaus, Merck

Roy Herbst, Yale Cancer Center

Camille Jackson, Flatiron Health

Qi Jiang, Pfizer

Laura Lasiter, AstraZeneca

Eva A. May, Patient Advocate

Kristin McJunkins, Patient Advocate

Brittany McKelvey, Friends of Cancer Research

Jodi McKenzie, Eisai

Neal J. Meropol, Flatiron Health

Phuong Khanh Morrow, Takeda Pharmaceuticals

Peter J. O'Dwyer, ECOG-ACRIN Cancer Research Group; University of Pennsylvania
Sheila Prindiville, NCI

Kelly Johnson Reid, Johnson and Johnson Innovative Medicine
Richard L. Schilsky, University of Chicago

Acknowledgements

Timil Patel, U.S. FDA
Donna Rivera, U.S. FDA

e
m
>
-
1
=
o
A
-
O
m
=
O
m
P4
(2}
oo
-
m
<
m
A
>
o
4
@
O
>
-
>
-
bed
o
=
b
o
(=
-
4
m
(2)
=
=
0
>
-
)
A
>
0
-
0
m
z
o
z
0
o
4
o
@
<

61



Introduction

Traditional randomized controlled trials (RCTs) have generally included standardized patient
selection, specific assessment and monitoring intervals, and substantial follow-up to generate
robust data to inform regulatory decision-making. However, clinic visits and data collection
requirements that are required beyond routine clinical care can be burdensome to trial participants,
investigators, and trial sites, and can limit the participation of some patients and trial sites.’ Overly
strict eligibility criteria can further reduce both participation and the generalizability of clinical trial
results to the intended use population.? Furthermore, unnecessary data collection and frequent
monitoring can be resource intensive (e.g., time and cost) for sponsors.

Incorporating pragmatic clinical trial elements (henceforth pragmatic elements) into trial designs,
where appropriate, can introduce operational efficiencies in a less burdensome framework, and
generate data that are more reflective of intended use populations.®* The U.S. Food and Drug
Administration (FDA) has signaled interest in incorporating pragmatic elements into clinical trials
through the Center for Drug Evaluation and Research (CDER) Center for Clinical Trial Innovation
(C3TI) Streamlined Trials Embedded in clinical Practice (STEP) demonstration project®, launch of the
Oncology Center of Excellence (OCE) Project Pragmatica® and more recently Project 5in 57, focusing
on pragmatic clinical trials in oncology. Friends of Cancer Research (Friends) assembled a
collaborative working group in 2023 to draft a white paper, “Incorporating Pragmatic Elements in
Study Designs to Enhance Oncology Randomized Clinical Trials®,"” which laid out considerations to
inform the appropriateness of incorporating pragmatic elements into RCTs for evidence generation
across the lifecycle of a drug.

Considerations for incorporating pragmatic elements into a clinical trial include the specific research
question, trial objectives and clinical setting, the available safety and efficacy data on the treatment
of interest, and the intended use of the trial results, specifically whether or not the data will be
submitted for regulatory review. These factors will influence the appropriateness and
operationalization of incorporating pragmatic elements as well as the level of risk assumed by trial
sponsors regarding ftrial integrity, data quality and missing data, and the rigor of endpoint
assessment. Friends assembled a new working group of experts, including members from the FDA
and National Cancer Institute (NCI), drug developers, patient advocates, health technology data
experts, and academic clinicians, to build on the foundation and operationalize concepts from the
2023 white paper. To better discuss the opportunities to incorporate pragmatic elements into future
clinical trials, the group focused on the postmarket setting, a specific phase of drug development
with high potential value for incorporating pragmatism.

Defining Opportunity in Postmarket Clinical Trials

Incorporating pragmatic elements into prospective studies offers the opportunity to support
evidence generation across the life cycle of a drug. The introduction of pragmatic elements may be
most feasible in the postmarket setting, where more is known about the safety of the product, but

FRIENDS OF CANCER RESEARCH 2024 SCIENTIFIC REPORT



additional questions remain about its optimal use in practice. Such questions might include a better
understanding of the safety and/or efficacy of an agent in populations underrepresented in the
registrational trial(s) or information about potential new uses of the treatment. Additional research
questions may be driven by the interests of the drug sponsor, regulatory authorities (i.e., through
postmarketing requirements or commitments), or clinical investigators, and evidence generated may
be used to support regulatory decision-making, such as updating a label or approving a new
indication. Importantly, results from pragmatic studies can also inform decisions outside of
regulatory agencies. Examples include informing clinical practice, supporting updates to clinical
practice guidelines, or providing evidence for coverage decisions by payers. Given the level of safety
and efficacy data already available from the pivotal trial(s), introducing pragmatic elements in the
postmarket setting may be viewed as a lower risk for sponsors regarding trial integrity than in the
premarket setting.

Data Considerations to Inform Pragmatic Trial Designs

Data regarding safety and efficacy from prior, completed registrational trials should inform the
appropriateness of implementing specific pragmatic elements in a postmarket trial. Sponsors could
consider which data elements from the pivotal trial were or were not critical for determining safety
and efficacy. Through formal discussions with regulatory agencies, trial protocols may be revised to
improve efficiency. This could involve reducing the collection of unnecessary data elements or
allowing for greater heterogeneity in data collection, when appropriate. For trials intended for
regulatory approval, early engagement with the relevant FDA review division is essential to discuss
currently available data and clarify the evidentiary requirements for demonstrating safety and/or
efficacy needed to support a new regulatory submission.

For instance, available safety data from a pivotal trial may demonstrate no discernible difference in
toxicity in patients with mild versus moderate renal dysfunction, suggesting that broadening
eligibility criteria to include patients with higher levels of renal dysfunction may be appropriate if also
supported by non-clinical data and knowledge of the drug’s pharmacokinetics. Alternatively, existing
safety data may show that an adverse event occurs commonly in relation to the administration of a
therapeutic agent, suggesting that additional trials should continue to include frequent assessment
and mitigation strategies for the event.

Phase Il trials, often investigator-initiated or led by NCI cooperative groups, or real-world data (RWD),
may suggest areas of additional efficacy or effectiveness, respectively, and/or novel safety findings,
which could be used to support and identify potential patient populations for further study in a
prospective clinical trial and inform the degree and type of pragmatism to incorporate into the
design. The use of RWD can improve understanding of the potential impact of broadening eligibility
criteria on representativeness and on outcomes?, as well as inform flexibility in follow-up approaches
and frequency of assessments. For example, a recent study found that heterogeneity in real-world
visit frequency for patients with newly diagnosed multiple myeloma contributed to surveillance bias
but that bias could be quantified in evaluating endpoint measurements.'® Information such as this
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example and others™ could inform a trial design with pragmatic elements where flexibility could be
introduced in the assessment interval for patients, and the study could be more tolerant of shifts in
visit schedule. This could allow for reduced patient burden without substantively compromising
efficacy insights.

For trials incorporating multiple pragmatic elements, the cumulative impact on the sensitivity to
detect treatment effect must be carefully considered. For example, pragmatic elements such as
introduction of broader eligibility criteria or allowing flexibility in assessment intervals, may increase
variability and decrease statistical sensitivity to detect small treatment effects, thus requiring a
larger sample size. Larger clinical trial populations typically result in trial delays and additional costs,
but this concern could be mitigated if the cumulative effect of all pragmatic elements incorporated
ultimately result in more rapid accrual and/or reduced attrition. Products or treatment sequences
that are expected to have a large effect size may be more appropriate for higher degrees of
pragmatism. Conversely, a highly pragmatic design may not be appropriate for a non-inferiority trial
design.

Introducing Pragmatic Elements into Postmarket Trial Designs

The pragmatic-explanatory continuum indicator summary (PRECIS)-2'2 is a conceptual framework
that provides nine domains to consider for determining the degree of pragmatism in a given trial
design, including eligibility, recruitment, setting, organization, delivery, adherence, follow-up, primary
outcome, and primary analysis. The level of pragmatism is graded on a scale within each domain,
and within each domain the amount of pragmatism that is appropriate or necessary may vary
depending on the context in which the study is conducted. Use of pragmatic elements should aim to
create the highest generalizability and reduction in burden while maintaining appropriate rigor to
answer the prespecified research objectives in the population of interest. Many applications of
pragmatic approaches and their considerations are relevant across research questions in the
postmarket setting. Table 1 outlines these considerations by the PRECIS-2 domains. Below are
further insights into how pragmatic elements may be incorporated across research questions.

Operational Efficiencies through Technology

To facilitate research participation in routine care settings, digital health and data technologies can
enhance operational efficiencies. These tools and technologies include the use of telemedicine,
electronic health record (EHR) to electronic data capture (EDC) data transfer software, and
automated patient clinical trial matching based on EHR documentation. Telemedicine can support
remote consenting, clinical assessments, monitoring, and follow-up, and data collection. EHR-to-
EDC software leverages routine clinical workflows, automating transfer of clinical data quickly and
accurately to the research database, helping to avoid time-consuming, error-prone, and duplicative
data entry tasks. Patient trial matching software can aid in recruitment by helping sites evaluate the
suitability of a particular study by identifying trial-eligible patients at the point of care. This approach
can reduce site burden and also mitigate potential unconscious biases associated with patient
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ascertainment, ultimately supporting more equitable and representative study participation. These
technologies can enable operational efficiencies that allow sites to identify, recruit, enroll, and
evaluate trial participants more effectively, introducing pragmatic elements across PRECIS-2
domains.

Streamlined Safety Data Collection

If the data suggest a similar adverse event profile for a drug in the new trial population of interest
compared with the patient population included in the registrational trial, selective safety data
collection may be appropriate. The International Council for Harmonization (ICH) draft guidelines for
Optimization of Safety Data Collection- E19'% note data collection may be limited or stopped for non-
serious adverse events, routine laboratory tests, concomitant medications, or physical examinations,
as appropriate. In these scenarios, capturing serious adverse events and grade 3 or higher adverse
events and reducing collection of low-grade events may be appropriate. These recommendations
are similar to those recently proposed by the NCI Streamlining Clinical Trials Working Group™.
However, collection of only high-grade events may diminish the ability to assess treatment tolerance
and chronicity of low-grade adverse events. Therefore, strong existing evidence to support the safety
profile and a rationale for why the expanded patient population will likely have a similar safety profile
should be provided.
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REAL-WORLD EVIDENCE: LEVERAGING DATA FROM ROUTINE CLINICAL PRACTICE IN ONCOLOGY
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Postmarket Trial Objectives

To frame the working group’s discussion on incorporating pragmatic elements in postmarket clinical
trials, the following trial objectives were selected by the working group to explore as examples of
where pragmatism would be feasible and impactful. For each, we provide specific considerations for
increasing pragmatism in the PRECIS-2 domains, specifically focusing on unique considerations
related to eligibility, setting, delivery, follow-up, and primary outcome.

Trial Objective 1. Conduct a clinical trial in a specific patient population to
further characterize the safety and efficacy of the treatment.

Evaluating the safety and/or efficacy of a drug in a specific population underrepresented in the trial
is @ common research question in many postmarketing studies and may be appropriate for
incorporating a more pragmatic approach to evidence generation for a variety of reasons.”® There
may be an initial signal in a registrational trial that demonstrated differential safety or efficacy in a
subgroup of the patient population, or there may have been too few patients in this subgroup to make
robust conclusions. Additionally, some specific patient populations may have been excluded from
the registrational trial due to strict eligibility criteria, prompting interest to characterize product
safety and/or efficacy in this population. In such cases, a postmarketing trial further studying the
population may lead to important FDA label updates. Evidence from the registrational trial(s) will
influence the extent to which pragmatic elements are appropriate to incorporate into a postmarket
study. For example, differential safety identified in subgroups within the registrational trial may
impact the types and frequency of safety data collected in the postmarket trial, making safety
assessment not amenable to a highly pragmatic approach.

Examples of specific patient populations for Trial Objective 1:

e Underrepresented Racial and Ethnic Group

o Study including a racial and/or ethnic population underrepresented in the registrational
trial.

e Underrepresented Age Group

o Study including older adult populations underrepresented in the registrational trial.
e Patients with Organ Dysfunction

o Study including patients excluded from the registrational trial due to organ dysfunction.
e Patients from a Specific Geographic Location

o Study including patients underrepresented in the registrational trial from a specific
geographic location.

Case Study #1. Conduct a clinical trial that enrolls racially and ethnically
underrepresented patients in proportion to their representation in the U.S.

BTy
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population of patients within the disease indication, in sufficient numbers to
characterize the safety and efficacy of the approved drug in this patient population.

A common objective of postmarketing requirements or commitments is postmarket investigation
with sufficient numbers of patients in an underrepresented racial or ethnic group'®. Considerations
for incorporating pragmatic elements by PRECIS-2 domains, specific to the case study:

Eligibility- Understanding the factors associated with underrepresentation of the patient population
of interest will be informative. Patients may not be eligible as restrictive inclusion/exclusion criteria
may disproportionately exclude underrepresented populations. Less restrictive eligibility criteria
(e.g., expanding laboratory value requirements, comorbidities, performance status) could increase
eligibility. This approach may come with potential risks, not unique to studying minority populations,
but due to the broadening of eligibility criteria resulting in trial participants with different risk/benefit
profiles compared to the initial trial. For patients, there may potentially be differential outcomes (both
adverse events and clinical outcomes) than in the registrational clinical trial that may be attributable
to other factors (e.g., organ dysfunction) given the more heterogeneous patient population. For
sponsors, the increased heterogeneity of the trial population may obscure modest clinical benefits,
raising the risk of trial failure and possibly making results interpretation more challenging.

Setting- Another factor contributing to the underrepresentation of the patient population of interest
may be the trial sites selected for patient enrollment. Patient populations historically
underrepresented in oncology clinical trials, including racial and ethnic marginalized groups, are
more likely to be treated at community sites with limited access to clinical trials or that are relatively
inactive (e.g., sites that do not have clinical trial programs or are have programs with low
enrollment).” Expanding access to clinical trials at these community sites by designing studies
better suited to routine care settings could increase the ability to recruit more representative patient
populations. Meeting patients where they receive routine care in the community also increases the
likelihood of accrual and retention, reducing costs and burden for patients while maintaining the
patient-provider relationship and continuity of care.’® However, some community sites may lack the
infrastructure to effectively conduct clinical trials, and there may be increased complexities of trial
management for sponsors. The diversity of sites may lead to increased regulatory risks such as non-
compliance or trial failure due to difficulties in maintaining protocol adherence.

Follow-Up and Primary Outcome- Design of a trial better suited to routine care settings will be

driven by the degree of protocol specified safety assessment and primary outcome measures. If the
existing safety data and mechanism of action do not suggest a differential safety in the patient
population of interest, selective safety data monitoring, as per the NCI Streamlining Clinical Trials
Working Group' and ICH E19'8 guidelines, may be appropriate, such as assessing only grade 3 or
higher adverse events or those that result in a treatment change. The inclusion and frequency of
collection of patient-reported outcomes (PROs) could also be streamlined, if appropriate. The
efficacy endpoints may also be more pragmatic, assessing outcomes that do not require specialized
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or central review, such as overall survival, or real-world (rw) assessment of tumor response that
employ RECIST criteria based on tumor measurements, but permit more flexibility than standard
RECIST criteria (e.g. scan cadence as per routine practice rather than prespecified)'®. Assessment
of rw-response based on the clinician assessment of response may also be used to gauge efficacy
in place of RECIST measurements. This measure could be further supported by a retrospective
review of imaging data where available, acknowledging that imaging type and frequency would not
be prespecified. This can minimize the extra visits, paperwork, and tests for patients beyond what is
expected in routine care, also minimizing the data collection and workload for sites.

It is acknowledged that there may be areas of potential variability associated with reduced data
collection. For instance, there may be delayed identification of imaging progression and treatment
change, due to non-standardized assessment schedules. For sponsors, there may be a risk that
outcomes are not directly comparable to registration-directed clinical trials given the potential
increase in heterogeneity. Reduced safety data collection may diminish the ability to assess
treatment tolerance and chronicity of low-grade adverse events, although expected symptomatic
toxicities may be characterized with electronic PRO data. For this reason, reduced safety collection
may be best suited for mature products (e.g., later in lifecycle management) with a well-
characterized safety profile. An a priori statistical analysis plan with strong clinical rationale will be
important to understand what magnitude of effect would be acceptable because of the potentially
less fit population and heterogeneity in assessments.

Trial Objective 2: Conduct a clinical trial to further characterize a specific
adverse event/toxicity and its management.

Conducting additional studies focused on a specific toxicity or adverse event seen in the
registrational trial to better characterize its frequency and management is also a common
postmarketing study objective. Given that the impetus for the study often comes from a signal from
the registrational trial, leveraging the existing data on the temporality (frequency, onset, reversibility,
chronicity) and mitigation strategies of the toxicity can inform the appropriate pragmatic elements
to include in a study design. This study may be in a specific patient subpopulation found to have
differential toxicity, such as those with organ dysfunction, or be more broadly studied in the intended
use population. Evidence generation may result in a label modification for management of the
adverse event and/or could inform clinical management and/or practice guidelines. The type of
adverse event under study will dictate the ability to incorporate flexibility in trial design.

Examples of specific adverse event categories for Trial Objective 2:
e long-term Toxicities
o Specific adverse events that may be late or cumulative.

e Short-term Toxicities

FRIENDS OF CANCER RESEARCH 2024 SCIENTIFIC REPORT



o Specific adverse events that occur while on treatment (acute) within a fairly reproducible
timeframe but were rarely seen or incompletely characterized in the registrational trial(s).

Case Study #2. Conduct a clinical trial to further characterize  the risk of a
cumulative toxicity and potential mitigation measures in patients receiving the drug.

This case study focuses on long-term, significant chronic toxicities, and may be applicable to
toxicities or adverse events that require long-term follow-up, such as neurological toxicities.
Considerations for incorporating pragmatic elements by PRECIS-2 domains, specific to the case
study:

Eligibility- There would likely be minimal expansion of eligibility, as the risk of chronic toxicity needs

to be better understood in the patient population studied in the registrational trial. The significant
expansion of eligibility may run the risk of coming to an erroneous conclusion about the presence,
absence, or quantitative parameters (e.g., frequency, severity) of a safety risk. There may be an
opportunity to broaden eligibility to allow for the assessment of the relationship of risk to the severity
and chronicity of the toxicity and to better understand potential confounding factors. If patients with
an increased risk were allowed to enroll, this may require more careful and frequent monitoring to
better assess the nature and severity of the toxicity and predefined design and statistical plans. This
may also increase the risk to these patients, as high-risk patients may experience worse or more
prolonged toxicity. By including high-risk patients, sponsors may also risk higher toxicity findings in
the product label. However, this could be offset by comfort in the prescribing community to expand
treatment outside of the strict eligibility criteria of the trial if safety is felt to be similar or marginally
higher. Nonclinical pharmacology and toxicology data will inform the rationale for a more narrow or
broad eligibility criteria.

Setting and Delivery- Robust data from the registrational trial(s) on the toxicity, including the time
to onset, management, mitigation strategies, and outcomes, will dictate the level of flexibility and
pragmatism appropriate for the postmarket trial design. A prospectively designed highly pragmatic
trial may approach the simplicity of a disease registry, with prespecified evaluations capturing the
relevant safety data while reducing the level of burden associated with an explanatory trial. However,
more specialized testing may be required to assess causation or functional impact, especially when
there is a desire to characterize the frequency of the event in a representative population. Specialized
testing may also be required to adequately assess the severity and potential cause of an individual
toxicity (e.g., for neurological toxicity, referrals to the neurologist, nerve conduction velocity studies,
nerve biopsies, EEG, circulating neurotoxin levels) and therefore certain community settings with
lesser access to specialists may not be appropriate.

Follow-up and Primary Outcome- If the toxicity onset window is well characterized with a fairly

standard cadence across patients and easily captured through standard of care assessments, it may
be appropriate to conduct follow-up visits focusing on more rigid assessment windows within the
predicted onset window and less stringent assessments outside of onset based on the biology and
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pharmacology of the medical product. This approach will be more easily implemented if the drug
label characterizes the toxicity and its management, which will likely lead to a more standardized
approach to assessment in routine care as clinicians use the label as guidance. The use of digital
health technologies (DHTs) can aid in prompting patients to provide PROs and other assessments
of treatment-related symptom and functional outcomes to capture low grade adverse events and
their impacts that persist. Overall, this will reduce the patient and site burden of follow-up by reducing
the frequency or duration of in-person follow-up visits. However, if the toxicity onset is variable and
not well captured in standard of care assessments, assessment windows will likely need to be
prespecified throughout, thus necessitating less pragmatism. As data generation is focused on
safety, efficacy data capture can be reduced, further minimizing data collection and trial complexity.
Capturing toxicities in routine practice settings allows for a more generalizable understanding of the
safety of a therapeutic agent, and the opportunity to characterize exacerbating and mitigating
factors. However, variability in routine practice and local assessment could impact the
interpretability of the study.

Trial Objective 3: Conduct a clinical trial intended to expand the indication to
characterize the safety and efficacy of the treatment in a similar disease
setting.

Another common objective for post-approval clinical trials is to generate safety and efficacy data to
provide evidence supporting an approved drug in a new patient population. This trial objective
facilitates identification of patients that are responsive to the drug beyond the label indication,
meaning that more patients that could benefit from a safe and effective therapy are identified.
Expanding a drug indication requires strong scientific and clinical justification with an adequate and
well controlled investigation(s) that provide substantial evidence of drug efficacy with an acceptable
safety profile to provide meaningful clinical benefit. The specific populations of interest may be
identified in RWD or sponsor-supported expanded access programs, where retrospective analysis of
efficacy and safety data may be feasible. A trial design to support this objective will likely be a
randomized, prospective study. The appropriate level of pragmatism for such a trial would depend
on the primary efficacy endpoint, as well as what is already known about the adverse event profile
of the drug(s) and how or whether it would be expected to differ in the new population of interest.

Examples of new uses for Trial Objective 3:
e Changing the Biomarker Cut Point for a Biomarker-Selected Population

o Study medical product in a biomarker-selected population outside of the biomarker
cutoff for the initial indication or defined by a new biomarker.

e New Therapeutic Combination

o Study two medical products already approved in the indication of interest in a novel
combination.
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e New Drug Formulations

o Study medical product already approved in the indication of interest, with a new
formulation (e.g., intravenous to subcutaneous).

Case Study #3. Conduct a clinical trial to characterize the safety and efficacy of the
drug in a biomarker-selected population expanded from the biomarker cutoff used
for the initial indication.

To conduct a trial expanding the biomarker cutoff of the initial indication to a larger biomarker-
selected population, there must be strong scientific and clinical rationale to support the new cutoff.
This objective requires precision around both the biomarker status of the patients and intermediate
tumor-based endpoints, if used (typically RECIST based ORR and/or PFS), to evaluate smaller but
important differences in efficacy between the new biomarker subgroup and the approved biomarker-
selected population. Considerations for incorporating pragmatic elements by PRECIS-2 domains,
specific to the case study:

Eligibility- Select eligibility could be expanded from lessons learned in the accumulated clinical
experience, but would likely be kept more similar to the registrational trial, except for the expansion
of the biomarker selected population. There is a risk to patients in the new biomarker population,
that they do not achieve adequate efficacy to overcome the known toxicity of the treatment. As such,
the subgroup of patients that would be expanded by the new cut point would need to be analyzed
separately to assure that the overall efficacy is not predominately attributed to the previously
approved population that used a higher threshold. While local testing may lower patient and site
burden with fewer screening procedures, the precision of the biomarker is critical for this research
objective and tests with variable performance could negatively impact the reliability of trial results.
If the study has regulatory intent, early discussion with FDA would be important to obtain advice on
companion diagnostic development.

Follow-up and Primary Outcome- Safety data collection may be streamlined if the expanded
biomarker selected population is expected to have similar safety signals. In this case, grade 3 or
higher adverse events, serious adverse events, and those leading to dose changes or discontinuation
should be collected. If the trial is intended to support a label update, the extent of safety data
collection should be discussed with regulators prior to the start of the study. Efficacy outcomes will
likely necessitate a more explanatory approach given the importance of the precision around the
efficacy outcome to assess the risks and benefits in the new biomarker-selected population.

Balancing Risk with Opportunity

The workgroup discussion highlighted the context-dependent nature of integrating pragmatic
elements into prospective clinical trials. Pragmatic elements can help to reduce burden for patients
and sites while answering critical research questions, but may come with uncertainty and potential
risks. When determining the appropriateness of incorporating pragmatic elements, balancing the
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potential risks of increased data variability with the benefits in reduced complexity and burden is
important. Uncertainties inherent in new approaches to trial conduct naturally create perceived risks
to incorporating pragmatic elements, however these risks may not be founded or supported by data.
Itis expected that perceived risks and uncertainties as well as operational complexity will be reduced
with experience as more trials integrate pragmatic and decentralized elements.

A commonly stated perceived risk for sponsors is conducting trials outside of specialized centers in
community-based clinical practices that may not be well versed in clinical trial conduct. Concerns
include protocol deviations due to a site's inexperience with clinical trials, regulatory non-compliance
or trial failure due to difficulties in maintaining protocol adherence, or data quality and integrity
concerns. These risks are not inherent to conducting a trial at a community site, but rather whether
the site has established infrastructure and appropriate resources to conduct the trial. Importantly,
highly pragmatic designs require less protocol-directed conduct which can facilitate community site
participation that is closer to routine clinical care. While there may initially be a cost to the sponsor
to stand up the required infrastructure at a community site, introducing operational efficiencies and
technology enablement can reduce costs over time and provide long-term benefit to support
enrollment and retention at these sites. Sponsors should support inclusion of community sites and
balance perceived risks with the opportunity to enhance accrual and enrollment of more diverse
patient populations.

Conclusions and Future Directions

Prospective trial designs that incorporate pragmatic elements provide the opportunity to reduce
patient, site, and investigator burden and increase the generalizability of trial results by more closely
reflecting routine clinical practice. By aligning research more with routine clinical care, pragmatic
study designs hold promise to reduce complexity and burden of trial conduct and participation and
expand access in community settings where most patients receive their care. However, not all
pragmatic elements will be appropriate for every clinical trial context and design selection depends
on the research questions, available data, and intended use of the trial results. While incorporating
pragmatic elements may decrease burden, there may be an increase in potential risk and uncertainty
regarding consistency and quality of data collected and interpretability of trial results. Uncertainty
and sponsor burden may decrease as more experience is gained conducting trials with pragmatic
and decentralized elements. In the near-term, consideration should be given to the potential benefits
and risks of introducing pragmatic elements, and discussion with regulatory agencies regarding trial
design is essential.

Trials conducted in the postmarket setting to answer additional questions are likely to be most
amenable to the initial introduction of more pragmatic elements, as the safety and efficacy of the
product have been established. The postmarket research questions and case studies provided herein
are not exhaustive or representative of all scenarios in which introduction of pragmatic elements
may be considered. The case studies described illustrate factors to consider when introducing
pragmatism into a clinical trial and will likely apply to additional postmarket scenarios. Additional
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statistical aspects should be considered, including sample size and power calculations that may
mitigate some of the uncertainty around potential variability in outcomes that may be instilled by
more pragmatic approaches.

We focused our discussion on post-marketing settings, but lessons learned from pragmatic
approaches to post-marketing trials can inform premarketing trial designs conducted prior to
regulatory approval. While limited knowledge of safety and efficacy data in the premarket setting
may make certain pragmatic elements inappropriate, opportunities to decentralize trial conduct or
expand eligibility criteria can be considered in most contexts and may lead to more rapid accrual
and more representative patient populations. The working group also discussed the opportunity to
conduct a more pragmatic premarket trial in parallel to an explanatory registrational trial to provide
complementary data on a broader patient population. Data from such a parallel pragmatic study
could obviate the need to conduct some postmarket studies if acceptable data on underrepresented
populations can be generated.

Recent FDA guidance documents, including Conducting Clinical Trials with Decentralized Elements 20
and Integrating RCTs for Drug and Biological Products Into Routine Clinical Practice8, provide helpful
guidance that can be applied to many of the considerations discussed. As these trials move into the
community setting, there should be a focus on infrastructure to allow such sites to participate in the
trials more feasibly, as there are significant constraints on staffing and resources. Investment in site
education and infrastructure are steps toward accomplishing the objective of embedding research
into routine care.

As more trials incorporate pragmatic elements, evidence-based insights on which elements have the
greatest impact on reducing burden and complexity can lead to prioritizing best practices for
introducing pragmatism. Trials with pragmatic and decentralized elements led by the European
Organisation for Research and Treatment of Cancer (EORTC)?"?2 and the Alliance and NCTN#23 will
provide additional lessons learned. Uncertainties and regulatory risks highlighted by sponsors are
acknowledged, and continued discussions with sponsors and FDA on acceptability of trial designs
is encouraged.
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Introduction

Genetically engineered cellular therapies have emerged as a new
treatment pillar and are poised to change the therapy landscape for
patients with serious or life-threatening malignancies. To date, the U.
S. Food and Drug Administration (FDA) has approved six autologous
chimeric antigen receptor (CAR)-T cell-based immunotherapies,
showing remarkable activity in certain hematologic malignancies.
However, considerable scientific and operational obstacles must be
overcome to enable broader application of this therapeutic modality
in additional cancers, including solid tumors, and advance emerging
technologies such as allogeneic and in vivo engineered cell therapies.
Data extrapolation approaches that build on current products may
reduce manufacturing costs and the time to develop next generation
genetically engineered cellular therapies.

During the development of genetically engineered cellular thera-
pies, sponsors investigating an autologous CAR-T cell product may
also test different versions of the primary product (e.g., an altered
CAR protein domain to enhance CAR-T cell activity, additional func-
tional enhancements or co-stimulatory domains, a CAR-T cell derived
from an alternative starting material, a more purified cell subtype) in
parallel or in tandem [1]. As such, leveraging data from related prod-
uct versions combined with prior platform technology knowledge
are reasonably likely to make the drug development, manufacturing
process and the regulatory review more efficient across related prod-
uct versions. This concept is not exclusive to CAR-T cell products and
the principles may apply to a variety of immune therapies such as T
cell receptor (TCR) or other genetically engineered cell-based thera-
pies (e.g. tumor infiltrating lymphocytes, natural killer cells and mac-
rophages). Accordingly, adaptations of clinical development models
and regulatory frameworks are needed to support more flexible
development strategies and allow for product improvements based
on empirical learnings. The Food and Drug Omnibus Reform Act of
2022 includes a provision for FDA to create a designation program for
"platform technologies” that can be used with more than one drug
and may be eligible for certain expedited development or review
actions [2]. Within the platform technology program, sponsors may
“reference or rely upon data and information” from a previous drug/
biologics licensing application incorporating the same platform
manufacturing technology. Data extrapolation strategies should con-
sider the totality of evidence collected from preclinical research, clini-
cal trials, and characterization of the manufactured product as well as
any available published literature or post-marketing surveillance
from related products to inform the safety and biological activity of
iterative product versions. Ultimately, leveraging the data from the

el

Primary version

Primary with
modification 1

initial product can optimize the development of genetically engi-
neered cellular therapies and may accelerate access to patients.

The FDA continues to refine guidance to increase efficiencies and
facilitate development of genetically engineered cellular therapies
and released several guidance documents focused on informing
development and streamlining regulatory processes for novel cellular
and gene therapies [3—5]. Agency expectations around the types of
data and necessary comparability studies required to enable process
changes (e.g., changing serum-containing media to serum-free
media, changing from adherent to suspension cell culture, or adding
a new manufacturing site) by sponsors during the lifecycle of a cellu-
lar therapy product are becoming clearer [6—-8]. However, agency
expectations regarding product changes that sponsors may introduce
(e.g., refining the cell source, modifying a CAR transgene, adding a
second transgene) to enhance product safety and/or efficacy attrib-
utes are beginning to be explored. Specifically, FDA outlines an inno-
vative trial design to investigate different versions of a cellular or
gene therapy in a single “umbrella” trial using a single trial infrastruc-
ture, design, and master protocol during early clinical evaluation,
rather than the traditional design of initiating individual trials for
each product version. FDA provides several examples of changes that
result in different versions, which would require separate investiga-
tional new drug applications (INDs) [5]. Within these different ver-
sions, one version would be the primary version with the “Primary
IND” containing the clinical protocol, the chemistry, manufacturing,
and controls (CMC), and pharmacology/toxicology information. Each
of the “Secondary INDs” would cross-reference the clinical informa-
tion in the Primary IND and contain additional CMC and pharmacol-
ogy/toxicology information specific to each of the secondary versions
(Figure 1).

As our experience with genetically engineered cellular therapies
continues to improve and FDA’s expectations for the types of data
necessary to support product changes are clarified, Friends of Cancer
Research convened an expert group of stakeholders and hosted a
meeting on May 22, 2023 to develop specific strategies for leveraging
data from product versions across the stages of development. Extend-
ing the concept of cross-referencing information from one product to
a related product version could enable informed trial designs and
refined data collection to improve operational activities, develop-
mental efficiencies and streamline regulatory data packages. A risk-
based data extrapolation approach is proposed to evaluate when, to
what extent, and how data from one product can support develop-
ment of another related product version. A conceptual, risk-based
data extrapolation approach is described to leverage the totality of
evidence e.g.—available manufacturing, product quality, analytical
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Fig. 1. Umbrella trial design for primary and secondary products. The proposed umbrella trial can simultaneously evaluate multiple product versions for a specific disease or condi-
tion using a single-trial infrastructure, design, and master protocol, allowing for more efficient product development. (Color version of figure is available online.)

ININdO13IA3IA 9NAA FAILVAONNI

>
v}
<
>
4
Y
4
@
m
>
A
-
<
m
4
O
o
o
4
-
()
>
4
O
4
o
<
m
-
m
=
O
m
4
(2}
m
o
>
-
=
2
>
<
()

83



characterization, non-clinical and clinical knowledge, to support
development of multiple related product versions. This strategy mini-
mizes redundant data collection, and optimize and accelerate the
development of next generation genetically engineered cellular
therapies. The data extrapolation concepts discussed draw upon drug
development and regulatory processes in the United States, but the
principles are congruent in other regions.

Leveraging Data Across Product Versions to Support Clinical
Development

Data extrapolation to advance new versions of investigational
products has occurred for several decades across therapeutic classes
due to an understanding of the biology, mechanism of action, and
manufacturing processes (Supplementary Table S1). Lessons learned
from leveraging the totality of evidence in other therapeutic classes
to support inferences for new product versions or indications provide
a basis for data extrapolation for genetically engineered cellular
therapies.

The extent to which data can be meaningfully extrapolated from a
primary product to related genetically engineered cellular therapy
product(s) depends on the type of modification (including prior
knowledge of its impact on related constructs) and phase of develop-
ment of the primary and secondary products, as well as how “similar”
the two versions are to each other. Notably, a case-by-case assess-
ment should be done to determine if a version may be considered the
“same” therapeutic [9]. The appropriateness of data extrapolation
between two product versions may vary throughout the product life-
cycle (e.g., first-in-human studies, early phase, late phase, and post-
market) and across product versions.

Axicabtagene ciloleucel and brexucabtagene autoleucel provide
an example of extrapolation in genetically engineered cellular ther-
apy products. The secondary product, brexucabtagene autoleucel,
shares the same anti-CD19 CAR construct, vector used in the
manufacturing, drug product composition, and similar safety profiles
of cytokine release syndrome (CRS) and neurological toxicities as axi-
cabtagene ciloleucel, the primary product. However, brexucabtagene
autoleucel has a modified manufacturing process, which includes a
white blood cell enrichment process. Nonclinical, clinical, and certain
CMC data were extrapolated from axicabtagene ciloleucel to support
development and approval of brexucabtagene autoleucel (Table 1).
Further, data extrapolation strategies using letetresgene autoleucel
(autologous T cell receptor [TCR] T cell therapy targeting NY-ESO-
1 and/or LAGE-1a) have been deployed to clinically evaluate next
generation versions in a master protocol [10]. The concept of leverag-
ing prior data and the totality of evidence can be extended to other
genetically engineered cellular therapy products.

Developing a Risk-Based Approach to Support Data Extrapolation
Between Product Versions

Extrapolating data across genetically engineered cellular therapy
product versions necessitates a fundamental understanding of the
primary product and its functional and biophysical properties
(Table 2), which in turn requires sufficient non-clinical, CMC, and
clinical data, and adequate scientific justification for extrapolation. A
framework for evaluating risk in pharmaceutical development is well
established in the International Council for Harmonization (ICH) Q9
(R1) and Q8(R2) guidelines on Quality Risk Management and Product
Development [14,15]. Extensive knowledge of critical process param-
eters, product quality attributes, and well-established, robust analyti-
cal methods are essential to allow for data comparability and justify
extrapolation to support development of subsequent product ver-
sions [16—18].

To support this, qualified and fit-for-purpose analytical methods
that characterize quality attributes are necessary for a variety of
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Table 1

Use of data extrapolation between axicabtagene ciloleucel and brexucabtagene auto-
leucel CAR-T cell therapies targeting CD19. Publicly available FDA review documents
include examples where data extrapolation has been used in the development and
approval of CAR-T cell therapies [11—13].

Data type extrapolated  Data extrapolation noted in FDA review documents

* Due to several identical features between axicabta-
gene ciloleucel and brexucabtagene autoleucel,
—further safety pharmacology, pharmacokinetic,
toxicology, tumorigenicity, and genotoxicity
studies were not required for brexucabtagene
autoleucel.

* Starting dose in the clinical study to assess the
safety and efficacy of brexucabtagene autoleucel in
subjects with relapsed/refractory (r/r) mantle cell
lymphoma (MCL) was selected on the prior dose of
axicabtagene ciloleucel in subjects with r/r MCL in
the same clinical study. The typical dose escalation
cohorts, inter-patient intervals and stopping rules
were minimized.

* Due to several identical features existing across the
two product versions and similar safety profiles of
cytokine release syndrome (CRS) and neurological
toxicities, the FDA supported a combined risk eval-
uation and mitigation strategies (REMS) program
for axicabtagene ciloleucel and brexucabtagene
autoleucel.

* Due to several similarities in the manufacture

(vector construct, vector manufacturing process,

product manufacturing process, controls, formula-

tion, container closure system validation, storage,
equipment, and same manufacturing sites), several
sections of CMC data were not generated for brexu-
cabtagene autoleucel, but information resubmitted
in the brexucabtagene autoleucel biologics license
application (BLA).

Certain facility inspections were waived due to axi-

cabtagene ciloleucel and brexucabtagene

autoleucel sharing the same licensed manufactur-
ing site.

Non-Clinical Data

Clinical Data

CMC Data

critical parameters (e.g., safety, purity, potency, and identity) to
define risk categories. Based on the magnitude of difference in assay
outputs relative to the original product version and other data gov-
erning the modification that may exist, a risk assessment can demon-
strate the probability and severity of risk to patients due to a product
modification. Of note, especially for products with highly variable
incoming starting material, variability between final products can be
expected, especially early in development, making extrapolations
potentially more challenging. Furthermore, the sensitivity and degree
of qualification of the assays utilized for in-process controls and final
product release must be considered. Consequently, evaluating the
totality of the manufacturing, characterization, and release data as
well as clinical data are critical when extrapolating between product
versions.

The type and amount of required additional data for extrapolation
will vary and depend on whether a change has a minor or major
impact on product quality, efficacy, or safety. A modification that
results in a low-risk impact may allow for data extrapolation across
products with targeted data collection to address data gaps and sup-
port regulatory requirements, whereas a modification that results in
a high-risk impact may require more extensive studies. For example,
a low-risk impact that has a minor bearing only on product quality
may require an analytical comparability assessment, while a moder-
ate-risk impact that involves patient safety/efficacy may require a
clinical bridging study, and a high-risk impact may require a larger
clinical trial to confirm safety and efficacy in accordance with the
degree of expected similarities. The patient population and magni-
tude of unmet need should also be considered and may lead to a shift
in risk tolerance for a particular development program. An assess-
ment aid-like tool (Table 3) could support a systematic approach for



Table 2
Proposed best practices in process and product development to support data
extrapolation.

led

1. Generate comprel ive product k
Gather appropriate non-clinical, clinical, and CMC knowledge based on the
stage of drug development.

2. Evaluate the relationship between product attributes
While initial assessments can be performed based on non-clinical and clinical
data, as the product advances through clinical development, more robust
information on the product efficacy and safety profile will enable a more
meaningful determination of how a potential change can impact critical
quality attributes (CQAs) or product safety and efficacy. A stepwise approach
is necessary to:
1) Assess the relationship between manufacturing process parameters and
CQAs (e.g., identity, purity, potency, and safety).
2) Assess the impact of each CQA on product safety and efficacy (i.e., clinical
activity).

3. Develop parameters to define risk and perform risk assessment of sec-
ondary products

Based on the defined relationships between any changes in quality attributes
and safety and efficacy profiles between the primary and secondary product,
define:

1) The relative risk of a change on product safety and efficacy

2) Appropriate action(s) to be taken based on the assigned risk.

4. Develop data packages based on identified risk and actions to mitigate
risk in regulatory submissions

Determine the appropriate actions based on the totality of evidence from the
primary and secondary products and assigned level of risk of the change(s)
on safety and efficacy of the secondary product. Such actions could include:
 Extrapolation of data from the primary product
¢ Generation of additional or new data
* Develop clinical risk mitigation strategies to facilitate clinical develop-

ment.

There should be frequent and early discussions with FDA particularly when
there are uncertainties regarding regulatory and clinical pathways (i.e., will
the data extrapolation package be acceptable, will safety run in data or addi-
tional data necessary to support the secondary products etc.).

determining the appropriateness of data extrapolation within clinical
development programs of secondary products and serve as a sum-
mary for FDA submissions.

Classifying the risk impact of modifications may not be easily
determined at the outset of development of the related product. The
extent to which prior data can be extrapolated will depend on several
factors, including the intended development plan of the new product
version and risk determination for the impact of the changes on
safety and efficacy. In a risk evaluation, it is important to assess the
robustness and types of existing data available from the primary
product such as information from analytical and in vitro studies, non-
clinical in vivo studies, clinical pharmacokinetic/dynamic (PK/PD)
studies (i.e., biomarker correlates, product correlates of response),
and clinical efficacy and safety studies (Supplementary Table S2). The
analytical methods deployed will vary based on the type of geneti-
cally engineered cellular therapy product (e.g., autologous, alloge-
neic, CAR, TCR, etc.) as well as the types and extent of modifications
introduced. Methods to analyze risk should be defined early in devel-
opment and an adequate level of sensitivity to identify expected dif-
ferences between two product versions and support a risk-based
extrapolation plan.

Leveraging the Totality of Evidence to Support Product
Development at Specific Stages of Clinical Development

As products progress through development, the amount of data
available to determine risk and extrapolate across versions increases
(e.g., extrapolating data from a primary product in early phase, a pri-
mary product in late phase, or an already approved product). Table 4
provides examples of how, when justified, data extrapolation can

streamline evidence generation, assist in a more seamless transition
from one phase of development to another (i.e., academic to industry,
early- to mid-phase, and late-phase to post-market), minimize repet-
itive data collection, and potentially shorten clinical development
timelines. The transition from early to later phase clinical develop-
ment often aligns with a transition from the academic to biopharma-
ceutical setting and a pivotal step where the product manufacturing
process might be modified to support commercialization [19]. Assess-
ment of the impact for such process modifications is captured under
more mature FDA guidance; [6—8] however, it is possible that modifi-
cations may impact product attributes and thus be informed by the
herein proposals. Some example scenarios that might support an
accelerated transition of a secondary product through various stages
of clinical development are presented below.

Early clinical development

Early phase safety and efficacy data from the primary product
could support an understanding of the preliminary safety and efficacy
profile, to establish the dosing and schedule, and an approach to data
collection in later-phase studies for the secondary product. For exam-
ple, if appropriately justified, sponsors could propose a similar start-
ing dose for a secondary product as the recommended phase 2 dose
for the primary product and/or use the primary product profile to
inform more targeted dose limiting toxicity (DLT) criteria to advance
a secondary product through early phase studies more efficiently. In
early and late phase trials, prior product knowledge could help pre-
pare for expected toxicities and/or inform monitoring strategies to
reduce or mitigate symptomatic adverse events.

Late phase clinical development

In instances where a primary product is in late phase develop-
ment or approved, the totality of data from the primary product may
allow a secondary version to move straight into a Phase 2/3 clinical
trial. Additionally, data extrapolation may be appropriate and genera-
tion of a reduced clinical dataset for the secondary product may be
justified based on the similarities with the primary product. For
instance, a Phase 3 randomized controlled trial (RCT) readout of the
primary product paired with a single-arm clinical bridging study of
the secondary product in the same indication may be used to support
registration of the secondary product, which could dramatically
accelerate patient access to improved product variations.

Post-market phase

Prior product knowledge and the totality of evidence could aid in
identification of potential longer-term treatment effects, inform
safety surveillance activities, and support patient management in
clinical practice for a secondary product. Additionally, post-market
data from a related product may justify a shorter duration of patient
safety follow-up and reduce the 15-year long-term follow-up period
for a secondary product in development or postmarket to decrease
costs, resources, and patient burden [20].

Mechanisms for Exploring Data Extrapolation Opportunities and
Engaging with FDA

Considerable progress is being made in the development and use
of genetically engineered cellular therapies and the field is still evolv-
ing. The conceptual framework herein outlined, intends to accelerate
investigation and development of the next generation of genetically
engineered cellular therapy products and may act as a guide when
expanding to other indications and patient populations. As data
extrapolation across product versions becomes more common in
development programs for genetically engineered cellular therapies,
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Table 3

Data extrapolation assessment aid prototype. This document could be submitted as part of an initial IND and/or subsequent IND amendments for a secondary product or as justifica-
tion to support amendments to a protocol based on learnings from a related product version for FDA meetings. Part A and Part B describe supportive information and data to justify
and evaluate data extrapolation in the clinical development of secondary products.

Supportive data

Key information

Guidance for providing information

Overview of the Primary Product

Overview of the Secondary Product

Summary of Development Plan for Primary
and Secondary Product

Data Extrapolation Details

Justification for Data Extrapolation

Risk Mitigation

Part A- Background/Overview

e What is the stage of development of the primary product?

* Summary of product characteristics (e.g., type of genetically
engineered cellular therapy, mechanism of action, target,
CMC overview)

* Summary of data related to safety, efficacy and pharmaco-
logic properties (e.g., safety summary, efficacy summary,
dosing, dose/response relationships, any correlations or
association between CQAs and clinical data, PK characteris-
tics, clinical studies)

* What is the stage of development of the secondary product?

o Summary of shared characteristics and differences between
product versions

* Summary of data from secondary product [if applicable]

e Summary of known information gaps

* Summary of development strategy (i.e., will both products
be developed in parallel, or will the secondary product
replace the primary product?)

* Timeline of development strategy

Part B- Extrapolation strategy
e What data are being extrapolated?
* How will the extrapolated data from the primary product be
used in the development of the secondary product?
e What is the rationale and justification for data extrapolation
(i.e., risk assessment)?
* How will known information gaps and risks be mitigated?

Articulate key non-clinical, CMC, preclinical and
clinical safety, and efficacy data set.

Articulate similarities and differences between product ver-
sions with a focus on patient safety and pharmacologic
properties.

Describe development strategy for product versions.
Outline anticipated timelines for data readouts and how this
informs development decisions for the secondary product.

Information collected in this section could be
presented in a tabulated format:

* Data being extrapolated

* Sponsor assessment of associated risk

e Mitigation strategy

optimal methods to analyze, interpret, and present data in a rigorous
and standardized manner will be critical. As product and process
knowledge increases within individual development programs and
within the field, adaptive regulatory processes that adjust based on
the potential risks associated with the modification or stage of devel-
opment should be in place and support data extrapolation in devel-
opment of iterative product versions.

Sponsors should consider engaging the FDA early in the clinical
development lifecycle when they are interested in justifying the use
of prior product knowledge and data extrapolation to inform a spe-
cific program and establish pre-specified parameters for risk toler-
ance. Sponsors should have adequate product quality data or
published data to demonstrate that distinct product versions are
“similar” in a manner that mitigates concerns about product safety
and efficacy when engaging with the FDA and can use the data
extrapolation assessment aid prototype (Table 3). Since much of the
data to support these assessments will not be publicly available,
these assessments will be considered individually by each sponsor.
However, public information available could be leveraged by spon-
sors as has been observed with industry coalescing around published
data supporting starting doses for CAR-T cell therapies.

If the relationship between product attributes and patient safety
and/or efficacy is not yet fully established (e.g., if the development of
both primary and secondary products are in early stages), it is important
to identify the uncertainties and knowledge gaps and have a plan for
continued assessment of the relationship (e.g., setting milestones after a
predetermined number of patients are treated or at the end-of-phase 1
or end-of-phase 2 studies). Pre-defined opportunities for meetings
between sponsors and the FDA can be used to address issues relating to
product development and to propose mechanisms for data extrapola-
tion to align the core components of such a data package. FDA guidance
is available that describes the various FDA meetings, meeting formats,
how to submit a request, meeting package requirements, and the differ-
ent timings for such meetings [22,23]. Ultimately, meetings can help
ensure aspects of manufacturing, data capture, and trial designs are suf-
ficient to support a data package for new INDs and BLAs for the next
generation versions. Several regulatory opportunities exist that may be
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particularly advantageous to present the data extrapolation plan and
propose the study design for clinical development:

e Type B Meetings: Pre-IND, end-of-phase 1, end-of-phase 2, pre-
phase 3 meetings, or pre-biologics license application (BLA) can
introduce the data extrapolation plan, available data and risk
assessment, and how data extrapolation will support the develop-
ment of a secondary product.

e Type D Meetings: Meeting to discuss a narrow set of issues (i.e.,
not more than 2 focused topics) and should not require input
from more than 3 disciplines or Divisions, which may also con-
sider discussion on data extrapolation. Type D meetings may also
be available without having an IND.
Regenerative Medicine Advanced Therapy (RMAT)/Break-
through Therapy Designation (BTD) products: Products that
receive these designations signal an organizational commitment
by the FDA that involves senior managers. Additionally, products
that leverage expedited development programs have shorter clin-
ical development timelines [24]. Designated products are eligible
for further FDA meetings that can include data extrapolation for
new product version(s).
CMC Development and Readiness Pilot (CDRP): Under the pilot,
FDA will provide product-specific CMC advice during product
development for products with RMAT/BTD designation, including
two additional CMC-focused Type B meetings, as well as a limited
number of additional CMC-focused discussions. The pilot will
enable additional interactions with FDA during product develop-
ment and, if applicable, warrant the use of science- and risk-based
regulatory frameworks allowing streamlining of CMC develop-
ment activities to provide earlier clinical access to patients.

Designation Program for Platform Technologies: This is a desig-

nation program for platform technologies that have the potential

to increase efficiencies in drug development. Applications for
drugs or biologics that use or incorporate platform technologies
may be eligible for certain expedited development or review
actions. The intent of this designation program is to bring signifi-
cant efficiencies to the drug development or manufacturing



Table 4
Potential opportunities for data extrapolation from a primary product.
Data Opportunities
CMC * Extrapolate viral vector/gene editing tools/cell engineering
product information, and product/process characterization
data

¢ Extrapolate drug product presentation information includ-
ing container and closure systems, fill volumes and cell con-
centration

o Use stability data from primary product to support initial
stability for secondary product

® Reduced stability programs leveraging prior programs

¢ Include representative engineering batches in the initial IND
of a secondary product and commit to provide certificate of
analysis from good manufacturing practice (GMP) batch
prior to initiating patient dosing

* Reuse gene editing safety data (i.e., translocation informa-
tion, on and off target editing data) if same edits are used
with different CAR

 Risk-based microbiology control strategy based on primary
product to minimize redundant safety testing requirements

* Same analytical methods including potency assays

* Orthogonal assays to support similar characteristics of
potency

* Extrapolate residual control strategy as applicable, and
apply to new product

 Leverage specifications of primary product

Pre-clinical * Same relevant animal model and, if not available, justify not

conducting toxicity studies

* Potential to reduce/waive in vivo studies and use in vitro
studies for proof of concept by referencing primary product
data

e Use comparative potency data to support in vivo study
design for secondary product (i.e., dose)

Clinical safety  Inform starting dose using primary product data

¢ Extrapolate safety data from primary product to optimize,
reduce testing (i.e., replication competent lentivirus [RCL]/
replication competent retrovirus [RCR]), and timepoints for
long-term safety

¢ Extrapolate potency data to determine potential support for
or differentiation of the safety profile for the secondary
product

* Extrapolate safety data from the primary product

* Modified or combined REMS programs for products and use
operational efficiencies as proposed by the American Soci-
ety for Transplantation and Cellular Therapy (ASTCT) 80/20
Task Force [21]

Clinical efficacy e Support the starting dose and minimize the number of dose
levels needed to be tested in early clinical studies, where
appropriate

 Extrapolate certain clinical data from one indication to sup-
port other indications with the secondary product

* Potential for fewer clinical trial patients to be treated sub-
ject to clinical comparability

 Potential short follow up time for the patients treated with
the new version, as appropriate

¢ Extrapolate biomarkers/assays for measuring clinical effi-
cacy based on product similarity or support clinical cutoff
for patient selection

process as well as to the review process for products across the
platform. Many of the concepts and areas for data extrapolation
outlined above may be within scope of cell therapy platforms and
thus leveraged in subsequent platform products.

In addition to the meeting types and mechanisms noted above,
the Initial Targeted Engagement for Regulatory Advice on CBER/CDER
Products (INTERACT) and CBER Advanced Technology Team (CATT)
may be appropriate to discuss data extrapolation plans or use of new
technology/methods to enable data extrapolation.

Moving Forward

Given the uniqueness of genetically engineered cellular therapies,
opportunities for continued dialogue beyond the post-approval

setting with the FDA, including the Office of Therapeutic Products
(OTP), will be important to encourage continued innovation. Addi-
tional data and evidence generation, as well as learnings from
leveraging safety data across different versions of products, should
inform risk-based approaches to defining the optimal safety follow-
up period as the field of genetically engineered cellular therapies con-
tinues to grow and evolve. FDA workshops could help inform
updated guidance on, for example, generating long-term follow-up
data for genetically engineered cellular therapy products and clarify-
ing opportunities to streamline data or compress development time-
lines based on known or expected safety events. Additionally,
workshops and other mechanisms should be explored to capture and
disseminate best practices and case studies of data extrapolation in
clinical development as well as learning from pilot projects like
CDRP, which will help educate sponsors in exploring adequate devel-
opment pathways. A question-and-answer resource could provide
timely answers to questions that are commonly asked and applicable
across development programs. The concepts and proposals put for-
ward hold promise in streamlining data requirements, while still ade-
quately and robustly assessing products, and ultimately accelerate
timelines for patients to access these transformative therapies.

As the field progresses, developers are investigating genetically engi-
neered cellular therapies to not only expand into new disease areas (e.g.,
CD19-CAR-T cell therapy trials in autoimmune diseases, gene-modified
stem cells for genetic disorders) and lines of therapy, but also to
improve upon available genetically engineered cellular therapies. For
innovation to reach patients in a meaningful timeframe, leveraging
available data and extrapolation from s related product version is one
mechanism to accelerate development. Additional strategies for acceler-
ating the development of the next generation of genetically engineered
cellular therapy products should be explored. In addition to data extrap-
olation, trial design considerations, alternative and adaptive study
designs, real-world data sources, novel endpoints, and use of bioinfor-
matics may accelerate development and require thoughtful discussion
among key stakeholders, including regulators, investigators, patient
advocacy groups and sponsors.
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Executive Summary

In oncology drug development, early endpoints such as progression-free survival (PFS) and objective
response rate (ORR) are commonly used to support expedited development of therapies by facilitating
earlier efficacy readouts and regulatory review. This can help provide timely access to potentially life-saving
treatments. Challenges arise when there are limited overall survival (OS) data available at the time of this
early assessment, leaving uncertainty about the true benefit-risk profile of a drug. In these settings, interim
OS data may be evaluated as a safety endpoint to assess potential harm. However, the interpretation of
interim OS data can be challenging due to small event numbers, limited duration of follow up, and trial
dynamics such as patient crossover.

A collaborative, multidisciplinary working group outlined key considerations for improving the analysis and
interpretation of interim OS data in oncology clinical trials. These include a proposal for a multi-step
approach to be incorporated into trial designs to guide both qualitative and quantitative evaluations,
ensuring a more complete understanding of the data. Taken together, an improved design and more
structured interpretation of interim OS data will lead to better informed decision-making during drug
development.

Key Insights and Recommendations

e Early assessments of OS can provide unreliable results due to small event counts, limited follow-
up, and overall immature data. We examined case studies, which highlight how patient subgroups,
treatment crossover, and other trial design factors complicate interim OS data interpretation.

e A carefully considered study design can enhance the reliability of interim OS data interpretations.
This includes pre-specifying criteria for patient crossover, planning for sufficient follow-up duration,
and simulating potential scenarios to inform analysis timing and threshold setting. Design
elements, paired with a structured analysis approach, can ensure more accurate and timely
decision-making during drug development.

e A structured, multi-step approach to interpreting interim OS data is proposed:

o Perform a qualitative descriptive analysis, including a review of event counts, patient
comorbidities, the timing of adverse events, rates of dose interruptions or reductions, and
subsequent therapies. This provides essential clinical context for early signals of harm or
efficacy.

o Apply a streamlined/comprehensive quantitative framework that balances the risk of
mistakenly concluding that a treatment is harmful (false positive) or missing a true safety
issue (false negative) when interpreting interim OS data. This includes calculating hazard
ratios (HRs) and their confidence intervals, setting thresholds for identifying potential harm,
and using predictive models taking into account the data maturity to assess whether the
final OS outcome is likely to show benefit, harm, or no difference.

These insights emphasize the importance of integrating careful design and comprehensive analysis of
interim OS data to help ensure that oncology trials can better balance early efficacy signals with expected
long-term survival outcomes.
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Background

In oncology drug development, early endpoints such as progression-free survival (PFS) and objective
response rate (ORR) are commonly used to provide early indications of a drug’s efficacy. These endpoints
help to expedite drug development, addressing unmet medical needs by enabling timely regulatory
approvals and patient access to potentially beneficial therapies through Accelerated Approval, or traditional
approval in certain circumstances. While overall survival (0S), the gold standard for assessing clinical
benefit of cancer therapies, is traditionally evaluated as an efficacy endpoint at the end of a trial interim
looks at OS data at the time of ORR or PFS assessment can serve as a safety endpoint, providing additional
context for assessing the benefit-risk profile of new cancer drugs. However, interim OS data can be
challenging to interpret due to the immaturity of the data at the time of an early endpoint readout.

In some cases, a statistically significant effect observed in PFS or ORR efficacy results may be
overshadowed by a potential risk of harm based on interim OS data (e.g., an observed hazard ratio above
1.0). This scenario poses a conundrum due to potential conflicting data on the benefit-risk assessment of
a drug. At early looks, like any endpoint, statistical estimates of endpoint readouts can be highly variable
due to small sample size, limited follow up, low information fraction, and potentially delayed treatment
effects. As the data mature, these fluctuations can stabilize to provide a clearer picture of the true
treatment effect.” If interim OS analyses lead to the erroneous conclusion that a drug is harming patients,
its approval may be unduly delayed, depriving patients of potential benefits based on a false conclusion of
harm. However, if interim OS data correctly identify a potential safety issue early, a potentially harmful drug
is kept off the market, thus protecting patients from adverse outcomes. Differentiating between these two
scenarios requires careful planning and robust data, raising important questions about how best to
minimize the risk of drawing false conclusions from interim OS data. To navigate these challenges, a
robust, standardized, and context-specific framework can help guide the analysis and interpretation of
interim OS data, ensuring reliable evaluation and good regulatory decision-making.

Friends of Cancer Research established a multidisciplinary working group to address these challenges and
to develop best practices for assessing interim OS data in oncology trials. This white paper outlines key
design and analysis considerations when interim OS data are evaluated in a trial and proposes a strategy
for simulation studies that could provide data driven insights, with a goal of improving the understanding
and application of interim OS data.

Learnings from Recent Clinical Trials on Interim OS Data

Recent clinical trials provide insights into the challenge of interpreting interim OS data, particularly in
relation to early endpoints like PFS and ORR. These trials demonstrate how factors such as treatment
crossover, the immaturity of interim OS data, and patient subgroups can affect the interpretation of OS
results. By examining these factors, we can gain insights into how to optimize the design and interpretation
of endpoints in future trials, particularly in terms of balancing early efficacy signals with long-term survival
outcomes.
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The following case studies provide further context, exploring how these insights apply to individual trials
and offering lessons for future study designs (Appendix 1 summarizes study details and outcome data at
interim analyses, when available):

1. PSMAFore Trial (177Lu-PSMA-617 in Metastatic Castration-Resistant Prostate
Cancer)

The PSMAFore trial explored the use of radioligand therapy in 468 patients with metastatic castration-
resistant prostate cancer (MCRPC).? Patients who progressed on standard therapies in the control arm
were allowed to crossover to the experimental arm. The radiographic PFS (rPFS) results were highly
favorable at the primary analysis (cutoff: ~7 months median time from randomization until cutoff; Hazard
Ratio; HR = 0.41, 95% Confidence Interval; Cl: 0.29-0.56), showing a strong treatment effect. The
interpretation of interim OS analyses was complicated by high rates of patient crossover, making it difficult
to accurately assess the long-term survival benefits of the therapy. By the time of the second interim OS
analysis, over half of all patients randomized to the control arm (123 of 234 patients) had crossed over to
the experimental arm, and the unadjusted OS HR at this analysis (targeting a treatment policy estimand,
not adjusting for crossover) was 1.16 (95% CI: 0.83-1.64). At the time of the third interim OS analysis (cutoff:
~24 months median time from randomization until cutoff), 134 of 234 patients randomized to control had
crossed over. This analysis showed an unadjusted OS HR of 0.98 (95% Cl: 0.75-1.28). The final OS analysis
is pending.

Key Insight: High crossover rates complicate OS interpretation and it is often necessary to evaluate the

OS data under a variety of sensitivity and supplementary analyses to investigate the robustness of the
results. These can include statistical estimation approaches, such as those based on the rank preserving
structural failure time (RPSFT) model used in this study, though interpretation of these analyses can still
be challenging. This trial highlights a common issue across oncology studies, where patient crossover
allowed under the protocol design can make it harder to see the true effect of the new treatment relative
to the standard treatment than if patients had not been permitted to crossover.

2. monarcheE Trial (Abemaciclib + ET in Early HR+/HER2- Breast Cancer)

The monarchE trial examined adjuvant abemaciclib, a CDK4/6 inhibitor, in combination with endocrine
therapy (ET) for patients with high-risk of recurrence early-stage HR+/HER2- breast cancer.® The trial
included a large population of 5,637 patients. Though the trial previously demonstrated a significant benefit
in invasive disease-free survival (IDFS), the immaturity of the OS data was still evident at the first interim
analysis of OS (cutoff: 36 months from study start). While the IDFS readout was statistically significant
(HR = 0.696, 95% Cl: 0.588-0.823), the initial interim OS analysis showed an OS HR of 1.097 (95% CI:
0.818-1.455), favoring the control arm. The initial FDA approval was limited to patients at high risk of
recurrence and high Ki-67 expression. This was based on careful consideration of prespecified subgroups
and additional analyses including a gated hierarchical testing strategy that included the additional endpoint
of IDFS in patients with a KI-67 score 220% which also demonstrated a statistically significant IDFS
(HR=0.626, 95% Cl: 0.488, 0.803) and an interim OS analysis showed an OS HR of 0.767 (95%Cl: 0.511,
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1.152) favoring the abemaciclib arm. A subsequent interim analysis provided additional information on the
0S effect. At the time of the interim analysis (cutoff: 51 months from study start), the IDFS in the intent-to-
treat (ITT) population remained statistically significant and the observed OS HR was 0.929 (95% CI: 0.748-
1.153). Upon review of updated data at this second interim OS analysis, FDA broadened the approved
population by removing the requirement for high Ki-67 expression. Although still pending final analysis,
these results indicate a more favorable OS trend with further follow-up.

Key Insight: Interim OS data, especially when based on a small proportion of events relative to a large

trial population, may not provide sufficient insight into clinical benefit. Benefit was initially observed in
patients with high Ki-67 expression. As the data matured, including the observed OS HR dropping below 1,
FDA determined that “.. although OS remains immature and not statistically significant, a potential
detriment in survival was no longer observed for the ITT population.”® The indication was subsequently
expanded to remove the requirement of a Ki-67 score of >20%. The original indication in the Ki-67 =20%
population was only granted because the population was prespecified in the statistical hierarchy and had
an OS HR <1, highlighting the importance of prespecifying subgroups in the statistical analysis plan. The
indication was expanded after further follow up, highlighting the importance of ensuring long-term data
collection to support broader treatment decisions.

3. MONALEESA-2 Trial (Ribociclib + Letrozole in HR+/HER2- Metastatic Breast

Cancer)

In the MONALEESA-2 trial, ribociclib, a CDK4/6 inhibitor, was tested in combination with letrozole in 668
patients with HR+/HER2- metastatic breast cancer.®® The PFS data indicated a statistically significant
outcome (HR = 0.556, 95% Cl: 0.429-0.720). However, the initial interim OS analysis (cutoff: 24 months
from study start) revealed a hazard ratio greater than 1 (HR = 1.128, 95% Cl: 0.619-2.055). At that time,
only 43 OS events had been observed, with an information fraction of 11%. A pre-planned OS analysis one
year later (cutoff: 36 months from study start) showed improved OS results with an HR of 0.746 (95% Cl:
0.517-1.078). These updated data were submitted to regulators and considered in the initial approval. The
final OS analysis (cutoff: 78 months from study start) also showed a statistically significant survival benefit
(HR =0.76,95% Cl: 0.63-0.93).

Key Insight: The timing of interim OS analyses is critical, as early assessments may not reflect the true

treatment benefits. This underscores a broader challenge in drug development, where a small number of
events and/or low information fractions can lead to misleading conclusions. It is crucial to consider the
HR in combination with its confidence interval (and width), which can characterize the uncertainty that is
present at interim analyses.

4. Bellini Trial (Venetoclax + Bortezomib in Relapsed/Refractory Multiple
Myeloma)

The Bellini trial investigated the combination of venetoclax, a targeted BCL-2 inhibitor, with bortezomib in
patients with relapsed or refractory multiple myeloma.® The trial included 291 patients. The PFS analysis
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showed a statistically significant outcome (HR = 0.63, 95% Cl: 0.44-0.90). However, OS at the first interim
analysis (cutoff: 18 months from study start) showed a hazard ratio greater than 1 (HR = 2.03, 95% Cl:
1.04-3.95), suggesting detriment when analyzed in the overall ITT population. This risk of increased
mortality was added to the FDA label for venetoclax under the Warnings and Precautions section, and a
partial clinical hold was placed on clinical trials of venetoclax in patients with multiple myeloma. The
subgroup of patients with the t(11;14) translocation did not show the same level of OS detriment, however,
meaningful conclusions were not possible given the small size of the population (n=35). The final analysis
of OS (33 months from study start) showed an OS HR of 1.19 (95% Cl: 0.80-1.77), suggesting a lack of
benefit and risk of increased mortality in the ITT population, but with a wide confidence interval. A Phase 3
trial (CANOVA) of venetoclax plus dexamethasone compared to pomalidomide plus dexamethasone was
subsequently conducted in patients with t(11;14)-positive multiple myeloma; however, the trial failed to
demonstrate statistical significance on the primary endpoint of PFS superiority.

Key Insight: Significant improvement in an early endpoint was observed, but with an OS detriment in the

ITT population, which was later confirmed with more mature data. OS data indicated a possible benefit in
a subgroup of patients, but the assessment was limited by the small sample size in this subgroup. This
highlights the need for careful preplanning of interim analyses to assess harm, as well as appropriate
powering of subgroup analyses to identify both potential benefits and risks within distinct patient
populations. This approach ensures that meaningful effects are not overlooked and that potential
detriment in other subgroups is properly addressed.

5. PI3K Inhibitors in Hematological Malignancies

Phosphatidylinositol 3-kinase (PI3K) inhibitors have been explored for their therapeutic potential in
hematological malignancies. Four PI3K inhibitors—idelalisib, copanlisib, duvelisib, and umbralisib—
received FDA approval for indications involving relapsed or refractory indolent non-Hodgkin lymphoma
(NHL) or chronic lymphocytic leukemia (CLL). Despite showing promising results in terms of durable ORR
or PFS, significant concerns emerged regarding their OS outcomes and tolerability.*

These drugs demonstrated substantial toxicities, including severe immune-mediated side effects such as
hepatotoxicity, pneumonitis, colitis, and increased risk of infections. For example, idelalisib had halted trials
in untreated CLL and indolent NHL due to increased deaths and severe adverse events. The UNITY-CLL
trial of umbralisib showed an interim OS HR of 1.23, suggesting a potential increase in mortality compared
to control.®* Similar trends were observed across trials with other PI3K inhibitors, leading to safety
concerns and voluntary withdrawals of certain indications.

Key Insight: The class-wide issues with PI3K inhibitors highlight the importance of evaluating both

efficacy and safety comprehensively, particularly when using early endpoints like ORR to support initial
approval. While these drugs improved ORR, the interpretation of their impact on OS is complicated by
substantial toxicities that may negate the benefits. This underscores the need for careful assessment of
the benefit-risk balance and ongoing OS monitoring, especially in cases where early endpoints show benefit
but OS data suggest harm.
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Frameworks and Strategies for Interpreting Interim OS Data

Interim OS data can provide early insights into both the potential benefits and risks associated with a
treatment, but as noted, they are often challenging to interpret due to data maturity, leading to variable HRs
and wide Cls. Over-reliance on point estimates, which do not reflect underlying uncertainties about harms
or benefits, may lead to misinterpretation. More robust approaches for designing and interpreting interim
0S data are needed to ensure reliability and accuracy.

Current study design considerations may not adequately account for the complexities of interim OS
analyses. Recent FDA-sponsored discussions and subsequent external publications emphasize the need
for more thoughtful trial designs and comprehensive planning to consider these complexities when
assessing potential harm using interim OS data.’>'® To address these challenges effectively, we consider
two quantitative frameworks for interpreting interim OS data. Additional work to refine each and establish
standards for trial sponsors and regulators regarding their practical implementation is desirable. These
quantitative frameworks are briefly summarized below:

A streamlined quantitative framework can provide a more straightforward, predefined approach focusing
on a standardized set of criteria for interim OS interpretation. This framework may be optimal in trials where
patient crossover is not permitted and an assumption of proportional hazards is plausible, meaning that
the underlying treatment effect is expected to remain consistent over time. In such cases the focus is on
quantifying the uncertainty around the potential for unacceptable harm. Pre-specified thresholds, such as
a minimum number of events and information fraction, and an upper limit for the HR Cl, guide the
interpretation and are particularly efficient when limited variability is expected in interim OS outcomes.
However, it is important to tailor these thresholds to reflect the clinical considerations specific to each trial,
including factors such as the disease setting, expected survival on the control therapy, and unmet medical
need.

Alternatively, a comprehensive quantitative framework may be necessary for trials with more complexity,
such as those involving non-proportional hazards or patient crossover.# This approach would incorporate
a broader set of tools to enable deeper analysis when interim OS results are expected to be less conclusive
or when complex trial dynamics may make it harder to get a reliable estimate of the treatment’s true effect.
This may include probabilistic assessments to quantify the likelihood of harm or benefit and the integration
of qualitative factors such as patient comorbidities and subsequent therapies. This framework ensures
that early signals of potential harm or benefit are not overlooked due to the complexity of the trial design
or the mechanism of action of the novel drug.

A Multi-Step Approach for Study Design and Interpretation of Interim OS Data

These two proposed quantitative frameworks can be integrated into a multi-step approach for interpreting
interim OS data. This multi-step approach incorporates a descriptive evaluation with the quantitative
evaluation to provide a structured methodology for comprehensively understanding the data and ensuring
decisions are evidence-based and aligned with trial objectives. This approach can also be used for
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interpretation of results and to prospectively align on the trial design features that can make the
interpretation more reliable. The proposed multistep approach is summarized in Figure 1.

Step 1: Trial Design &

Pre-specify interim OS
analysis framework

assumptions for trial

Objectives

Analysis Planning Phase

+ Pre-specify criteria and

Analysis

Phase

Step 2: Qualitative

Analysis

* Review event counts per
arm
Conduct patient-level
safety review (adverse
events, comorbidities)
Perform aggregate analysis
of deaths and related
covariates (e.g, age,
treatment tolerance)

Step 3: Quantitative

Analysis

+ Follow streamlined or
comprehensive
quantitative framework
Calculate OS Hazard Ratio
(HR) and confidence
interval
Compare HR to predefined
harm threshold
Apply Bayesian or
predictive probabilities (if
applicableg).

Interpretation
Phase

Step 4: Interpretation &

Decision-Making

+ Synthesize qualitative and
quantitative analyses

+ Perform benefit-risk
evaluation incorporating
multiple endpoints (e.g.,
PFS, ORR, quality of life)

Set criteria and
assumptions for trial
initiation

Qualitative summary and
insights into potential
early signals of harm or

Statistical assessment of
potential OS detriment or
benefit

Description of decisions
based on outputs

Output

benefit

Figure 1. Proposed Multi-Step Approach for Evaluating Interim OS Data in Oncology Trials.

While randomization allows for unbiased comparison across treatment arms, immature data and other
factors previously noted make interpreting interim OS data difficult. In this context, it may be useful to
consider alternative summary measures as supplementary analyses for the comparison of the interim OS
data, rather than just the hazard ratio. Adequately powered, randomized comparisons are still the best
approach for generating reliable effect estimates, but early insights can be gained by supplementing these
comparisons with contextual analyses. Thus, the first step of interim OS data interpretation involves
qualitative assessment, based on a structured descriptive summary of the available data. Sponsors could
provide a review of the number of events, establishing a rate per person per year in each arm, a case-by-
case examination of each death including precursor safety findings. A more in-depth patient-level
assessment could explore whether adverse events (AEs) or lab abnormalities were related to, or led to,
death. An analysis of comorbidities and dose considerations could be conducted at the patient and at the
aggregate population level, which would involve determining if dose interruptions or reductions occurred
in response to these AEs and whether they resolved after the changes. Evaluating patient baseline
characteristics, such as age, existing comorbidities, and other risk factors, can provide additional insights
into how these factors may have influenced outcomes, as comorbidities could exacerbate AEs or affect
treatment tolerance. Further, examining pharmacokinetic (PK) exposure data may help identify whether
unusually high drug exposure contributed to toxicity or death. While a case-by-case patient-level
assessment might be necessary in some scenarios, a more practical approach for larger Phase 3 trials,
may involve conducting an aggregate-level analysis that compares patients with different outcomes, such
as those who survived and those who did not, to identify any meaningful differences. However, additional
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assumptions or alternative estimators may be needed to establish whether these observed differences
reflect a harmful or beneficial causal effect of the novel drug.*#

These descriptive insights can help provide necessary clinical context and identify any evidence of excess
mortality or early signals of harm and confounding factors. Such descriptive analyses can help determine
whether the interim OS results warrant deeper quantitative exploration, if there are sufficient data to do so.

Once a descriptive understanding is established, the prespecified streamlined or comprehensive
quantitative framework can then be applied to further evaluate the data. Evaluations may include
calculating the HR point estimate and an associated Cl. One can envisage setting a threshold for harm and
assessing the upper end of the Cl to quantify the degree of uncertainty around potential for harm, as is
done in classical statistical frameworks. As the data mature, the evidentiary threshold required to rule out
harm may become more stringent, and it may help to consider two-sided confidence intervals less than
95% at interim analyses for assessment of harm.' Assessment of the risk of erroneous conclusion with
regard to unacceptable OS detriment (False Positive and False Negative), under different assumptions,
should be provided to determine the reliability of the results and facilitate a more transparent trade-off of
risks associated with any decision making based on such interim OS data. Conditional probabilities or
Bayesian predictive probabilities, based on current data and external evidence, may help predict whether
the final OS outcome is likely to be neutral, beneficial, or detrimental. This quantitative step may support
assessments of how early OS detriment can be established with high certainty, if it exists, and how
frequently the wrong conclusions may be drawn.

The final step may involve synthesizing the descriptive and quantitative findings into a broader benefit-risk
evaluation, considering multiple endpoints. This can include a totality of evidence approach, incorporating
not only OS but also other endpoints such as PFS and ORR as well as safety, tolerability, and quality of life
endpoints beyond OS.

Design Stage Considerations

Effective study design is crucial to ensuring reliable interim OS data interpretations. This section outlines
key considerations to manage factors such as patient crossover or non-proportional hazards in the design
stage. To allow for appropriate data capture and analysis, the decision to use a streamlined or
comprehensive quantitative framework should be pre-specified during the design stage of the trial. This
decision should consider factors such as risks for non-proportional hazards (e.g. the potential for delayed
treatment effect or subgroups with heterogeneous treatment effects), early patient crossover, data
maturity, duration of follow-up, and overall study power. Robust trial designs plan for adequate follow-up
duration to ensure sufficient data collection and maturity at interim analyses as well as pre-specify criteria
for patient crossover and minimize/manage missing data.

If heterogeneous treatment effects are expected in subgroups, the study would need to be sized
appropriately to enable a thorough benefit-risk assessment in each of the subgroups. Leveraging historical
data from similar therapies and/or patient populations is one strategy that can help estimate relationships
between early endpoints and OS, as well as predict HRs and whether hazards are proportional throughout
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allowing for more informed predictions of potential outcomes. Evaluating how control groups perform on
key endpoints can also help set expectations and provide context for interpreting OS findings. However,
gaps remain in standardizing methods to determine the impact of early safety events on OS and in using
historical data to establish specific thresholds for defining harm.

Including simulation of expected survival curves and determining the operating characteristics over a
range of plausible assumptions and aligning these with the planned OS assessment criteria are important
in the trial design stage. Such simulations can help set the timings for analyses and optimize the study's
power, especially given that the timing of this OS interim analysis is often driven by PFS or ORR analysis
milestones. Furthermore, it is important to plan for the collection of OS data even after final PFS analyses
are completed, and to pre-specify OS interim analysis milestones and approaches for handling patient
crossover. Many analysis technigues that adjust for crossover make an assumption of no unmeasured
confounding. To support this assumption, trials would need to capture detailed information on potential
(fixed or time-varying) confounders—specifically, patient-level covariates linked to both prognosis and the
likelihood of crossover.’® Collecting data on factors such as comorbidities, baseline characteristics, and
treatment-related considerations can help mitigate confounding, enhancing the reliability of analytical
assumptions. The impact of non-proportional hazards can also be anticipated and planned for at the
design stage through simulations of various patterns such as delayed separation or early small excess
harm followed by benefit. When non-proportional hazards are expected, additional metrics beyond the
traditional OS HR, such as restricted mean survival time (RMST) or milestone survival rates (i.e., KM
estimate at 1, 2, or 3 years), or piecewise hazard ratios (e.g., HRs from 0-6 months and after 6 months)
may be considered and prespecified as supplementary analyses.’® If these supplementary analyses are
being considered to address non-proportional hazards, the design stage is the appropriate time to set the
analysis interval cutoffs.

Timing is another critical consideration in interim OS analyses. The timing should balance the need for
early decision-making with the risk of making incorrect decisions based on incomplete data. Conducting
an analysis too early may lead to uncertain conclusions if there are not enough events to provide reliable
information. This can be partially avoided through the pre-specification and agreement of a harm threshold
for the interpretation of early OS data, and the level of evidence required at each analysis time point to rule
out harm.

It is not only the timing of interim analyses that matters, but also the overall event accumulation rate for
0S. In some scenarios, low event rates and the associated power for OS may mean that even waiting longer
may not lead to significantly improved probability of detecting an OS treatment effect. The design stage
can also be used to assess false positive and false negative rates based on the harm threshold and
alternative (OS benefit) threshold, either through simulations or in some simple settings through modified
power calculations.
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Interpretation Stage Considerations

With a robustly established design which includes OS as a safety endpoint, a comprehensive and
methodical interpretation of OS can begin at the primary endpoint assessment (e.g., the early endpoint).
The interpretation stage can benefit from both descriptive and quantitative evaluations described above.
Accurately interpreting interim OS data requires a range of analytical methods and metrics.

When efficacy trends in a subgroup differ from the overall study population or other subgroups, it is
important to determine whether the observed OS detriment is likely due to chance or is plausible from a
scientific, biological, or clinical perspective. For instance, does the difference align with the treatment'’s
mechanism of action? Do patients in the subgroup have distinct clinical or biological characteristics that
predispose them to a higher risk of adverse effects? Could variations be attributed to differences in clinical
practices across sites or regions? It's also essential to examine the totality of the data in subgroups,
including other safety and efficacy endpoints. If the detrimental OS is associated with higher incidences of
serious or high-grade adverse events or lab abnormalities, this suggests a potential concern rather than a
chance finding—this holds true whether observed in specific subgroups or across the overall trial
population. Similarly, if the detriment is observed consistently across multiple endpoints, such as ORR,
PFS, and OS, this further raises safety concerns.

Interpreting trial data alongside external evidence—such as literature, prior trials, or real-world data—may
provide additional valuable insights, particularly when the trial sample size is limited or the data are
immature. If the observed OS trend aligns with findings from prior trials of the same agent or others with
a similar mechanism of action, this trend is less likely to be due to random chance.

When interpreting immature OS data at the time of an early endpoint analysis, revisiting design
assumptions based on accrued information can offer valuable insights. Viewing this data in a Bayesian
framework, where assumptions range from implausible to more likely scenarios, can help reviewers better
visualize uncertainty and refine their expectations for future events. Additionally, other trial monitoring
methods may be adaptable for evaluating OS as an early safety indicator. Characterizing error rates (e.g.,
false positives and negatives) and using tipping point analyses or other methods (e.g., Bayesian) to
evaluate the robustness of interim OS results can help account for potential future variations.

Table 1 provides a summary of evolving strategies, outlining both current approaches and emerging best
practices for improving the design and interpretation of interim OS data. It serves as a starting point to help
navigate the complexities of using interim OS as a safety endpoint, managing trial design considerations,
and handling data immaturity at interim analyses.
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Table 1. Evolving Strategies for the Design and Interpretation of Interim OS Data.

Category

Current Approaches and Emerging Best Practices

Clarification of OS as a
Safety Endpoint - OS is
frequently used as a
safety endpoint when
evaluating early
endpoint data.

Current Approach:

- Typically, specify OS as a co-primary or secondary efficacy endpoint
when feasible and clinically relevant.

Emerging Best Practices:

- Pre-specify OS analysis plans for safety, including clear definitions of
OS detriment and thresholds for defining harm informed by discussions
with regulatory authorities.

Trial Design
Considerations - Factors
like non-proportional
hazards, patient
crossover, data maturity
and completeness,
duration of follow-up,
evolving standard of
care, and study power
can complicate interim
OS interpretation.

Current Approach:

- Some consideration of evaluation of design factors such as non-
proportional hazards, crossover, data maturity and completeness
aiming to minimize bias of 0S assessment at OS planned interim
analyses.

Emerging Best Practices:
- Emphasis on 0S data collection beyond approval milestones.

- Incases where cross-over is unavoidable, additional data collection on
key baseline and time-varying covariates associated with patient
prognosis and likelihood to crossover.

- Systematic application of a quantitative framework for the transparent
trade-off of risk of false negative vs false positive assessment of
potential OS detriment

- Monitor design assumptions closely and avoid deviations when
possible.

Handling OS Data
Immaturity at Interim
Analysis - OS data is
often immature at
interim analyses, leading
to variability and
potential
misinterpretation.

Current Approach:

- Focus on OS driven interim analysis frameworks, which are most often
group-sequential in nature.

Emerging Best Practices:

- Athorough assessment is performed to quantify the degree of
uncertainty around potential for unacceptable detriment in OS.

- Incorporate both qualitative and quantitative assessments to provide
context for immature data. Engage patients through patient preference
studies to define acceptable margins for potential OS detriment in
specific settings.

- Focus on standard key analyses (to be defined) such as comparing HR
and Cl to predefined harm thresholds and conducting qualitative
patient-level assessments.

- Use simulations and/or Bayesian models to refine predictions of final
0S results, conditional on existing data and/or using external data if
appropriate.

- Use of tipping point or Bayesian framework to assess the robustness of
interim OS data with respect to any future potential risk of detriment.
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Future Considerations for Tool Development and Best Practice Alignment

This section lays out potential strategies for tool development and further best practice development that
may support stakeholders in designing and interpreting interim analyses. These tools would be intended
to streamline trial processes, improve decision-making, and enhance the robustness of OS data
interpretation.

Use of Simulations for Enhanced Decision-Making

Simulations (see Appendix 2 for a concept proposal) can provide a powerful means to predict and explore
the various outcomes at the interim stages of a trial, quantifying the operating characteristics of clinically
driven decision-making thresholds, and ensuring robustness in trial design. Simulations can be particularly
useful in oncology trials where data immaturity and crossover effects can obscure true treatment effects,
providing a means to model outcomes under different conditions. Specifically:

e Simulations may help in understanding the possible trajectories of survival outcomes under
different scenarios, such as varying treatment effects, patient heterogeneity, crossover, and
information fractions.

e Simulations could be used to define the thresholds for potential harm or benefit and evaluate their
operating characteristics, assess the impact of treatment crossover and non-proportional hazards,
and inform the timing of interim analyses. They may also be valuable for identifying scenarios
where low power for OS could result in less reliable conclusions even with extended follow-up.

e Simulations could be used to predict future outcomes based on current study data in various
endpoints and integration of relevant external data if appropriate.

Development of Tools for Design and Interpretation

In addition to simulations, practical tools could be developed to guide sponsors and researchers in
designing trials and interpreting interim OS results more effectively. These may include:

e A structured assessment aid could be developed to assist sponsors during the trial design stage.
This tool may consist of a uniform set of questions to help guide thinking around key aspects such
as patient crossover, pre-specifying OS analysis milestones, determining adequate follow-up
durations, data collection on important patient covariates associated with prognosis and key
intercurrent events, and patient heterogeneity.

e Providing standardized methodology for key decisions that impact quality and completeness of
data (OS and other data) collection could help ensure consistency across trials and provide clear
guidance on how to mitigate bias and enhance the reliability of interim OS data.

e Bayesian modeling approaches could be incorporated as a complementary tool to simulations and
standard conditional probabilities. These models may provide probabilistic statements regarding
the magnitude of the final OS treatment effect (e.g., HR) based on the observed interim data. Priors
may be informed by historical relationships between early endpoints (e.g., PFS, ORR) and 0S,
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allowing for a more nuanced and evidence-based interpretation. Using Bayesian frameworks could
allow for the integration of new information as it becomes available as well as data outside of the
study, thus improving the precision of interim OS estimates and supporting better-informed
decisions.

Best Practices Alignment

To facilitate consistent application of best practices in designing and interpreting interim OS data, aligned
best practices could be developed and uniformly adopted by stakeholders, reducing variability in
approaches to interpreting interim OS data.

Conclusion

The interpretation of interim OS data in oncology trials poses unique challenges. Early endpoints, such as
ORR and PFS, are often the basis for accelerated approvals, allowing timely access to potentially beneficial
therapies. However, instances in which immature OS data conflicts with efficacy signals detected with early
endpoints can lead to uncertainty around the treatment's benefit-risk profile. This white paper highlights
the importance of carefully evaluating and considering interim OS data, so it provides meaningful data to
support evaluation of new drugs.

The case studies provided illustrate how factors such as immature OS data, patient subgroups, early
patient crossover, and information fractions impact the interpretation of results. These examples reinforce
the need for a framework that integrates descriptive and quantitative analyses, supported by thorough
preplanning, to ensure accurate conclusions.

Future Directions

To address these challenges and optimize the use of interim OS data in oncology drug development,
several next steps should be considered:

1. Adopting a structured, multi-step approach for interpreting interim OS data, starting with
descriptive assessments and followed by quantitative analyses tailored to the therapy and clinical
context.

2. Prioritizing robust trial designs that pre-specify OS milestones, harm thresholds, and strategies for
incomplete data handling. Simulations can be used to predict outcomes and optimize designs.

3. Fostering continued collaboration among regulators, sponsors, and statisticians to harmonize
methods for evaluating interim OS data. Future efforts should focus on refining simulation
methods, threshold setting, and predictive modeling, tailored to oncology trials.

By addressing these key areas, the interpretation of interim OS data can be improved, leading to more
accurate, timely decisions that benefit patients.
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Appendix 2. Concept Plan and Future Directions for Interim OS Data Interpretation.

The simulation workplan is divided into distinct components, as described below. This initial work focuses
solely on OS, largely independent of PFS. Future work can incorporate PFS directly into joint models or
indirectly as part of a scenario regarding the totality of evidence across multiple endpoints.

1. Establish and evaluate various thresholds in a ‘streamlined’ criteria for harm based solely on the
observed events available at the interim. This is done under the simplest assumptions to triangulate
the initial set of criteria to be included in the evaluation. For example, we may find that a stringent
criterion such as the upper bound of the confidence interval of the hazard ratio of 1.3 is almost
equivalent to a test of efficacy, making it irrelevant to the intent of ruling out harm. Likewise, a value
of 1.8 may be found to be too lenient, allowing obviously concerning scenarios to occur in an
undesirably large proportion of simulation trials.
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a. It may be possible to determine a reasonable range of target operating characteristics
equivalent to Type | and Type Il error from the work above.

2. Evaluate existing frameworks and/or devise a new mathematical representation of the more
complex scenarios that have occurred in practice, including considerations such as non-
proportional hazards (e.g., early overlap of Kaplan-Meier curves followed by later separation, or
early harm followed by separation), patients crossing over to the treatment arm at disease
progression, dropout rates, information fraction, and the number of events available at the interim.
This can be done by digitizing real examples, such as those described above, into piecewise hazard
functions or by generating hypothetical scenarios. In either case, we can then evaluate the
operating characteristics of the various frameworks, as outlined below.

3. Provisional Scenarios:
a. Neutral effect on OS, proportional hazard of 1.0 throughout the trial.
b. Separation of OS Kaplan-Meier curves, proportional hazard of modest scale (e.g., HR 0.9).

c. Separation of OS Kaplan-Meier curves, proportional hazard of significant scale (e.g., HR
0.6).

d. Delayed and modest separation of OS Kaplan-Meier curves after the interim (non-
proportional hazard: 1.0 prior, 0.9 thereafter).

e. Delayed and significant separation of OS Kaplan-Meier curves after the interim (non-
proportional hazard: 1.0 prior, 0.6 thereafter).
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f. Small excess harm prior to the interim and small separation thereafter (non-proportional
hazard: 1.15 prior, 1.0 for a period, 0.9 thereafter).

g. Small excess harm prior to the interim and wide separation thereafter (non-proportional
hazard: 1.15 prior, 1.0 for a period, 0.6 thereafter).
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h. Early modest benefit with later modest harm, with initial separation of OS Kaplan-Meier
curves showing a proportional hazard of 0.9, followed by a reversal to show modest harm
(HR 1.15 thereafter).

i.  Sustained modest harm throughout, reflected by a consistent proportional hazard of 1.15
maintained throughout the trial.

j.Increasing harm over time, with initial modest harm (HR 1.15) that intensifies to a more
significant level (HR 1.3 thereafter).

4. For each scenario of interest, use a variety of approaches to evaluate the following:
a. How often do we incorrectly conclude harm when there isn't any?
b. If there is harm, how often can we conclude correctly based on early data?

5. For both questions, establish whether there is a minimum amount of data (e.g., number of events)
that is optimal for reasonably reliable decision making.

6. The concepts above are mainly applied to the interpretation of interim OS data; however, the true
value lies in translating them to the design stage. We propose a few examples that will identify a
recommended process flow for design considerations and the approach at each step.
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THE IMPACT OF TREATMENT MODALITIES ON USE OF CTDNA AS AN EARLY ENDPOINT IN ANSCLC
TRIALS

Hillary S Andrews', Nevine Zariffa? Katherine K Nishimura?, Emily M Goren?, Yu Deng?, Megan Eisele?, Joe Ensor®, David Fabrizio® Carin
Espenschied’, Vincent Haddad®, Minetta C Liu®, Brittany A McKelvey', Dimple Modi°, Achim Moesta®, Katie Quinn™®, Adam Rosenthal’, Diana M
Vega®, Wei Zou*, Antje Hoering?, Mark D Stewart' and Jeff D Allen’

1 Friends of Cancer Research, Washington, DC, USA; 2 NMD Group Inc, Bala Cynwyd, PA, USA; 3 Cancer Research And Biostatistics, Seattle,
WA, USA; 4 Genentech, Inc, South San Francisco, CA, USA; 5 Natera Inc, Austin, TX, USA; 6 Foundation Medicine, Inc, Cambridge, MA, USA;
7 Guardant Health, Inc, Palo Alto, CA, USA; 8 AstraZeneca, Gaithersburg, MD, USA; 9 Regeneron Pharmaceuticals, Tarrytown, NY, USA;

10 Guardant Health, Redwood City, CA, USA

Background Circulating tumor DNA (ctDNA) holds promise asan early endpoint in oncology drug development, particularly in
advanced non-small cell lung cancer (aNSCLC) treated with immunotherapy. Friends of Cancer Research established the
ctMoniTR Project to aggregate and analyze patient-level data from clinical trials and generate evidence that characterizes the
association between change in ctDNA levels on-treatment and associations with overall survival (OS). Using well character-
ized data from 4 randomized control trials (RCTs), we com-pared change in ctDNA levels among patients treated with an
anti-PD(L)1 and/or chemotherapy.

Methods Patients received treatment with either anti-PD(L)1 with or without chemotherapy (I0; n=537) or chemotherapy
alone (n=291). Each patient had a baseline ctDNA measure-ment (T0) and on-treatment ctDNA measurement within two
windows: 2-6 weeks (T1) and 7-13 weeks (T2) after treatment initiation. We evaluated change in ctDNA levels by applying
cutoffs tailored for immunotherapy of >50% and >90%decrease in ctDNA (molecular response; MR50 and MR90,
respectively). A third group of clearance (non-detected ctDNA on treatment) was included. We used multivariable Cox mod-els
to assess associations with OS and compared results from T1 to T2.

Results Patients treated with 10 with either MR50 or MR90at T1 or T2 showed improved OS compared to patients with-
outa MR (for MRSO aHR=0.70 [0.54-0.91] p=0.008 at Tland aHR=0.53 [0.40-0.69] p<0.001 at T2; for MR90
aHR=0.51 [0.35-0.72] p<0.001 at T1 and aHR=0.66 [0.49-0.88] p=0.006 at T2). For IO treated patients, ctDNA at T2
was a significant predictor of OS beyond T1 (Likelihood Ratio Test for MR50 p<0.001; for MR90 p=0.006). However, in
patients treated with chemotherapy, ctDNA clearance was asso-ciated with improved OS at T2 (vs. MR50 HR=0.55
[0.34-0.89] p=0.015, vs. MR90 HR=0.60 [0.35-0.99] p=0.048)but achieving MR50 or MR90 did not differentiate
survival outcomes from non-MR at either T1 or T2.

Conclusions Change in ctDNA levels is strongly associated with OS in patients with aNSCLC treated with 10, which sets
the stage for using ctDNA in future prospective trials assessing immunotherapy in patients with aNSCLC. However, more

work is needed for assessing change in ctDNA levels in che-motherapy including assessing different times and understand-ing
the impact of assays. These findings highlight the potential impact of treatment modality for assessing change in ctDNA levels
and further investigation is warranted to refine the tim-ing and clinical thresholds of universally applicable ctDNA metrics.

http://dx.doi.org/10.1136/jitc-2024-SITC2024.0035
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Executive Summary

In oncology clinical trials, using intermediate endpoints that are reasonably likely to predict clinical benefit
accelerates access to therapies. For these endpoints to support regulatory decision-making, the U.S. Food
and Drug Administration (FDA) expects meta-analyses at the patient- and trial-level that demonstrate
associations between the intermediate endpoint and long-term clinical outcomes, such as overall survival
(0S; i.e., clinical benefit). Circulating tumor DNA (ctDNA), a biomarker found in the blood, can serve as an
indicator of tumor burden, and has shown promise as an intermediate endpoint. Initial findings from
multiple clinical trials, including the Friends of Cancer Research (Friends) ctMoniTR Project that aggregates
patient- level data from several clinical trials, demonstrate that decreases in ctDNA levels while on
treatment associate with improved OS. However, evidence is lacking for trial-level meta-analyses due to
inconsistencies in approaches across trials including study design, data collection, and ctDNA
measurement methods, making it difficult to combine results.

To address this gap, Friends assembled a working group of experts, including representatives from the
FDA, pharmaceutical companies, diagnostics developers, patient advocate organizations, and academia,
to align on key considerations for prospectively designed clinical trials that collect ctDNA in a standardized
manner. The considerations focus on advanced non-small cell lung cancer (aNSCLC) treated with
immunotherapy (10) due to the robust data established to date and ongoing drug development in this
space. With a standardized approach, these trials may be more appropriate to combine with regards to
data quality and coherence into a trial-level meta-analysis to support the use of ctDNA as an intermediate
endpoint in oncology drug development.

The working group prioritized several critical recommendations for alignment in terms of study design and
data collection; however, additional considerations are also outlined. The most critical recommendations
for alignment of study design and data collection are:

e Collect a baseline ctDNA measurement before treatment initiation, preferably on C1D1 before
infusion.

e Collect four on treatment ctDNA measurements: three during subsequent treatment cycles (i.e,,
C2D1, C3D1, and C4D1) and one at 6-months post-treatment initiation; align with RECIST
measurements as is feasible.

e Use an assay that is sensitive enough to detect ctDNA in at least 70% of patients at baseline.

e Report data related to ctDNA analysis and measurement in an aligned approach (specific
recommendations are included in Table 1 of the white paper).

These recommendations aim to align ctDNA collection and analysis in future clinical trials, supporting
validation efforts for using ctDNA as an intermediate endpoint in regulatory decision- making, and
ultimately accelerating the delivery of treatments for serious and life-threatening diseases to patients.
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Background

Advancements in oncology drug development have significantly improved outcomes for many patients
with solid tumor cancers. Given these successes, it can be lengthy and resource-intensive to conduct
studies for newer therapies due to the time required for mature survival endpoint readouts, especially for
overall survival (0S), which remains the gold standard for evaluating clinical benefit. There is an opportunity
to enhance the availability of more treatment options for patients, and thus, a need for additional, novel
intermediate endpoints that are reasonably likely to predict clinical benefit, enabling earlier evaluation of
efficacy and regulatory decision-making. The Accelerated Approval Pathway can be leveraged for therapies
that treat a serious condition and fill an unmet medical need, allowing for U.S. Food and Drug
Administration (FDA) approvals based on an intermediate endpoint that is reasonably likely to predict
clinical benefit.

While radiographic-based intermediate endpoints exist, such as objective response rate (ORR) and
progression-free survival (PFS), there are some challenges with these approaches. In some settings,
an objective radiographic baseline measurement, which is a requirement for these approaches,
cannot be made (e.g., patients with large pleural effusions or with bone-only metastases). Some
cancer types (e.g., metastatic head and neck cancer) are challenging to measure by radiographic
measurements and some therapies (e.g., novel treatments with immune-mediated efficacy) may
lead to what appears to be progression on imaging but is in fact pseudo-progression. Additionally,
guidance from the FDA! and recent discussions at an FDA Oncologic Drugs Advisory Committee
meeting? suggest there is a need for earlier endpoints in the perioperative setting and highlight the
challenges with radiographic based endpoints in early-stage disease as surgery often removes any
measurable lesions.

In early- and late-stage settings, an objective and standardized intermediate endpoint that can
predict long-term clinical benefit is needed to overcome these limitations of radiographic imaging
and support efficacy evaluation in a timely manner. On-treatment change in circulating tumor DNA
(ctDNA) levels from baseline can capture response at a molecular level and could potentially be used
as an intermediate endpoint. Many sponsors recognize the value of ctDNA and leverage early change
in on-treatment ctDNA to predict clinical benefit and inform internal Go/No-Go decisions. A more
coordinated effort to have a consistent and unified approach to define molecular response based on
ctDNA and for the analysis of such endpoints could support the development of ctDNA endpoints in
regulatory decision-making.

To qualify novel intermediate endpoints, FDA guidance recommends meta-analyses of randomized
controlled trials at both the individual patient- and trial-levels.” 8 The Friends of Cancer Research
(Friends) ctMoniTR Project combines data from multiple clinical trials in the metastatic setting to
assess associations between change in ctDNA levels and OS and PFS at the patient-level. These
retrospective patient-level analyses have demonstrated that a decrease in ctDNA is associated with
improved PFS and OS. The focus herein will be on patients with advanced solid tumors, as these
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reflect the bulk of aggregate data analyses conducted to date. Where there are parallels in late-stage
that are relevant for early-stage disease, the same approaches could be considered or adapted, as
appropriate.

Scope and Approach to Assessing Change in ctDNA to Date

Friends coordinated a working group with representatives from pharmaceutical companies,
diagnostics developers, FDA, academia, and patient advocacy groups to align on recommendations
for standardized, harmonized, and robust data collection to include in prospectively designed trials
that can support meta-analyses. The primary focus is to set the stage for collaborative evidence
collection that assesses change in ctDNA levels and associations with OS, supporting the use of
change in ctDNA levels as an intermediate endpoint in regulatory decision-making. (While we
recognize that the evidence developed to support using ctDNA as an intermediate endpoint could
support approaches for using ctDNA to inform clinical practice, the proposed scope of work is not
intended to evaluate the use of ctDNA to guide treatment decisions for individual patients.)

Current approaches to assessing change in ctDNA levels and associations with OS set the stage for
which data need to be collected. To date, ctDNA is measured early in clinical trials, with many trials
including a baseline blood collection before treatment starts and an on-treatment measurement
usually taken 3-12 weeks after treatment initiation.# > There are a variety of assays to measure
ctDNA, including next generation sequencing (NGS) and digital droplet PCR (ddPCR) assays. Often,
the variant allele frequency (VAF) for all variants included at each timepoint is determined (e.g., mean
or maximum VAF) and used to calculate a percent change in ctDNA from baseline to on-treatment.
In some cases, a single variant is tracked (e.g., in oncogene driven cancers), and increasingly, various
measures of tumor fraction are used to measure ctDNA.67° Some studies have shown that results
are similar regardless of whether multiple genes from a panel test are considered or just the gene of
interest.10

The following sections provide recommendations for incorporating ctDNA into prospectively
designed clinical trials. As a use case, we developed initial recommendations based on observations
from advanced non-small cell lung cancer (aNSCLC) treated with immunotherapy (10), due to the
robust data established to date and ongoing drug development in this space. The most critical
recommendations for alignment in terms of study design and data collection are prioritized, however,
additional considerations are also outlined. Robustly designed trials that have incorporated these
recommendations may support meta-analyses for validating the use of change in ctDNA levels as
an intermediate endpoint. We also outline initial thoughts for how to approach a meta-analysis to
support ctDNA as an intermediate endpoint using these prospectively collected data in the Appendix.

Criteria for a Molecular Response Measurement

A key aspect of each of the following sections is considering which data should be collected and
reported for inclusion in a meta-analysis. In addition to outlining these data throughout the following
sections, Table 1 provides recommendations for which datapoints should be reported.
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INNOVATIVE DRUG DEVELOPMENT: ADVANCING EARLY ENDPOINTS AND NOVEL EVIDENCE PATHWAYS
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Assay Characteristics

Measuring ctDNA involves assays that assess various genes or other somatic features from a liquid
biopsy (here we focus on plasma, but cerebral spinal fluid, urine, and saliva are other examples). The
poolability of molecular data in a meta-analysis will depend on the similarity of assays with respect
to performance metrics. As feasible, we recommend that an appropriate set of reference materials
is used to demonstrate comparability across multiple assays. When selecting an assay for a clinical
trial, sponsors should consider sensitivity and specificity at a particular limit of detection (LoD) and
clinical cut-off, as well as other assay performance measures, the number and types of genes or
somatic features assessed, and approaches to clonal hematopoiesis (CH) variant removal. There are
many assays currently in use that detect and quantify ctDNA and technology continues to evolve.

Table 2 outlines proposed minimum requirements for assays to ensure there is transparency in how
the diagnostic is used and below we discuss some key technical considerations.

Minimum Requirements for Assay Analytical Validation

Various factors can influence assay performance including pre-analytical variables (e.g., the volume
of plasma collected), the bioinformatics pipeline, and inter-assay variability (e.g., depth and breadth
of genomic coverage). When selecting a ctDNA assay, it is critical that the assay follows current
recommendations for analytical and clinical validation. BLOODPAC proposed a set of analytical and
pre-analytical validation protocols for assessing NGS ctDNA platforms. 2 We recommend
diagnostic developers use these or similar protocols to ensure analytical and clinical accuracy and
reliability and that clinical trial sponsors report the approach used. We also recommend the cut-off
is pre-specified, and the same assay and algorithm be used for the entire trial, including the
associated cutoffs.

Considerations Regarding CH Removall

CH variants are somatic mutations that originate from expansions in hematopoietic progenitor
cells.’® 4 ctDNA is measured as a part of total circulating free DNA (cfDNA), which includes CH
variants that can pose a challenge when trying to identify tumor related content or quantify ctDNA
levels. It is critically important to be accurate when removing CH variants as they may alter
interpretation of changes in ctDNA levels. To account for CH-related mutations, diagnostic
developers currently employ one of three main approaches for their assays:'®

1. An algorithmic approach to removing CH variants that is part of the bioinformatic pipeline,
which involves removing genetic mutations commonly found in hematopoietic cells and may
leverage other information available from the assay. A challenge with this approach is the
possibility of removing variants of interest or not appropriately removing the CH variants
given that alterations in some genes (i.e., TP53, ATM) may be CH or tumor-derived leading to
incorrect CH calls.

2. Tumor informed or bespoke approaches consider the variants found in the sequenced tumor
tissue to distinguish ctDNA variants in cfDNA. Apart from limited tissue availability, a
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challenge with this approach is that it requires tumor tissue to not only be accessible and
removed surgically or through a biopsy but also requires waiting for tumor sequencing to
select the appropriate ctDNA variants for measuring/tracking, which may or may not be
available in real-time. The analysis is limited to variants present in the tumor tissue specimen
at baseline, which comes from a single lesion that may not be representative of genetic
alterations at other sites.

3. Peripheral blood mononuclear cells (PBMC) removal approaches use PBMCs collected from
blood samples to filter out CH or germline variants. Challenges with this approach include
the cost of running the samples twice and sensitivity limitations.

We recommend diagnostic companies explicitly state how they identify and/or exclude CH in their
assay and specifically report CH-specific false positive rate. Reporting the probability of detection
based on sample-level and allele-level coverage is important for all variants, tumor-derived and CH.

Assay Sensitivity

In cancer, it is assumed that patients with a sizeable, proliferative tumor have c¢tDNA in their
bloodstream prior to any therapy, reflecting the burden of disease, However, ctDNA detection is
impacted by both biological factors, such as tumor location, vascularization and aggressiveness, as
well as technical factors, especially assay sensitivity and plasma collection volume.

For prospective trials assessing aNSCLC treated with 10, assays should be sufficiently sensitive such
that most patients in the planned trial will have ‘detected’ ctDNA at baseline. Approximately 70-85%
of patients with aNSCLC have detected baseline ctDNA when using an assay with a LoD ~0.1% VAF
(1000 ppm),’® 7 a range that should be considered when selecting an appropriate assay for use.
This approximation of detection is a lower range, as more sensitive assays would result in a greater
number of patients with detected ctDNA. We recommend that sponsors report their predetermined
ctDNA detection level cutoff and the rate of ctDNA detection at baseline.

ctMoniTR findings in patients with aNSCLC treated with anti-PD(L)1 demonstrate that when using
an assay with a LoD of as low as 0.3% VAF (3000 ppm), a 50% or 90% decrease in ctDNA is associated
with improved OS. Additional data are emerging and will determine the level of sensitivity for other
treatment types and settings, including early-stage disease.

Emerging Technology

To date, much of the work assessing associations between change in ctDNA levels and OS has
focused on measuring ctDNA levels by assessing tumor-derived variants (i.e., changes to the
genome sequence). There are a variety of emerging approaches for quantifying ctDNA that do not
rely only on sequence variants, including assessing changes in cfDNA methylation and cfDNA
fragment size distributions as well as physical properties of cfDNA fragments (i.e., the cell free DNA
fragmentome). As appropriate, characteristics included herein should be reported for these
emerging technologies so that their potential utility relative to currently established approaches can
be understood.

<ININdOT3IN3A 9NAA FAILVAONNI

>
v}
<
>
4
Y
4
@
m
>
A
-
<
m
4
O
o
o
4
-
()
>
4
O
4
o
<
m
-
m
=
O
m
4
(2}
m
o
>
-
=
2
>
<
()

117



saullapinb paysi|gel1ss
MO[|0} P|NOYS SIUBLUSSISSE [BONNA|EUB-BId
B1EP |BOLIOISIY UO PASE( BUII9SE] 1B YN0
pa10810p, 9ARY |BLI pauue(d syl ul s1uaed
1SOW 1BY1 2INSUS P|NOYS AlIAIIISUSS ABSSY e

Bulpuey pue ‘buissasold ‘abelois

"U01109|00 3|dWEeS 104 s|000104d pazipiepuels
POMO||0} alom sauljppinb

yoiym Buipnjoul ‘yoeoidde |eonAjeue-aid
A1101J109ds pue AllAnisuas Aessy

Aoeinooy

uolIsIoald

(807) >ue|g 8yl Jo Wi

Ble(] 90UBWIOJISd

19
e1ep 01}10ads |ell} sy} 0} (S1010e) BUIPUNOIUOD
9SJOM JO) 3SI0U ppe pINod yolym Abojopoyiawl
AesSSE JO 1}14p-dWI} PIOAEB 0} U013|dwo9 |el}

18 SABSSE ||B 10NpU0D 0] 9S00YD AeW SI0SUOS e

VYNJ10 Pa10919p-UOU "SA Pa1091ap aulwia1ap

01 yoeoidde pue (}}0-1n0) pjoysaly} uolos1a(
saweu auab

pue painsesw suolelalje pue sauab Jo JaquuinN
(aW} JoA0 suoedlIpOW

[elualod J0j 1UN0d2. 01) UOISIaA Aessy

sonsilaoeley) Aessy

Salule1Jaoun Jo suonelwi| 1iodas AjJes|o
pinoys sAesse ay1 ‘|erowal oiwyiiobje buisn §| e
palajald ale
sayoeoldde pawilojul Jowny 10 [BAOWSL DINGd ®

[9A3] 1UBIIBA PUEB |[9A3)
a|dwes ay1 1e a1kl aAlIsod as|e} o14108ds-H)
|[eAOWI paseq-sisAleue-gNgd  ©
pawJojul Jown] ©
[EAOWIDI
paseq -Buluies| aulyorw,/wWyiobly o
‘SiueleA H) Buianowal 01 yoeouddy

yoeouddy |eaoway H)

Puriojdxs
yriom aq Aew sAesse AlIANISUSS JaybiH
19MO| 10 4¥A %E°0 99 p|noys Jadojaasp

Kesse ay1 Aq parlodal se Aesse ayl JO O]9yl e

go7 ay1 buiuljap 01 yoeoiddy

@07 MO|aq sanjen 1oy abuel a|qerioday
§6007 10 05007 SI SIY} Jayraym Hoday
Auedw oo sonsoubelp ayl Agq parlodal se qo

(QoT) uonvL1Ep JO W

Suollepusuiluoday

panodal aq p|noys 1ByM

olslis108IBY)

'sIsA|pun-p19W 8y3 Ul Alljigpnjood Bulpipnbel suolpispisuod 1joddns pup pesn
sl onsoubnip eyl moy ul Aousiondsupll sI 81ayl 8insus 01 SADSSD J0) s1uswWalinbal Buniodal WNWIUIN Z |1goL

FRIENDS OF CANCER RESEARCH 2024 SCIENTIFIC REPORT



Timing of Sample Collection for ctDNA Assessment

One of the most critical areas for alignment regarding the ability to combine data from various
prospectively designed clinical trials is the timing of blood sample collection for ctDNA analysis.
Table 3 prioritizes recommendations for timing of sample collection.

Baseline Sample Collection

Itis critical that sponsors collect a baseline ctDNA measurement before treatment initiation. Ideally,
this collection should occur on the same day as the first cycle of therapy (i.e., cycle 1 day 1; C1D1)
before infusion. However, some flexibility may be warranted as some patients may visit the
healthcare system for laboratory work before their first treatment. When considering appropriate
flexibility, sponsors should avoid using the ctDNA assessment from the screening assessment as
the baseline because there may be differences in these values.’® The aligned approach from
ctMoniTR was to consider samples collected up to 14 days before treatment initiation as the
baseline sample.™®

On-treatment Sample Collection

For the on-treatment sample collections, many studies collect samples 3-12 weeks after treatment
initiation.® The ctMoniTR project assessed on-treatment ctDNA up to 10 weeks from treatment
initiation as the 1st on treatment measurement. The project combined data from multiple collection
time points within that time window and saw associations with outcomes, suggesting there could
be some flexibility on which specific week the samples are collected early in treatment. Ideally,
samples would be collected when the patient is present for other reasons such as labs, scans, or
infusions. To continue building evidence to compare and contrast radiographic response, sample
collections near scans for radiographic response assessment could be helpful. Since many 10
infusions occur on similar schedules (i.e., once every 3 or 4 weeks), we highly recommend sample
collections for ctDNA assessment occur prior to drug administration on infusion day. Along with this,
we recommend ensuring that at least one on-treatment measurement occurs between 2-10 weeks
post treatment initiation.

Frequency of Sample Collection

Whether a “confirmation of response” is necessary for molecular response assessment is a question
of interest for which we do not currently have sufficient data. A confirmation is required for
radiographic imaging progression in RECIST guidelines?® and is recommended for biochemical
disease progression using prostate specific antigen (PSA) where the 'confirmed' category requires
two consecutive measurements to agree on response or non-response. Few studies have assessed
plasma during multiple on-treatment timepoints, which makes it challenging to provide
recommendations on the dynamics of ctDNA. Clinical trialists are challenged to simplify trials and
patients may have clinical progression or toxicity due to treatment, so while collecting samples over
continued cycles is ideal, it may not be feasible or practical. To support identifying the most
appropriate timing for ctDNA collection, we highly recommend at least 3 subsequent on-treatment
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samples are collected (i.e., C2D1, C3D1, and C4D1). This would ideally be on or around the same
time as radiological assessment, as is feasible.

Durability of Response

While demonstrating early associations of change in ctDNA levels with outcomes would be the
primary goal of a meta-analysis (Appendix), understanding the durability of the molecular response,
or how long a decrease in ctDNA or clearance of ctDNA lasts, is also important. It is likely unfeasible
for clinical trialists to collect samples for ctDNA assessment every cycle for the entire trial, rather, a
single aligned timepoint later in the trial may be more beneficial, for example, using 6-, 9-, or 12-
months post-treatment initiation, similar to what was considered when establishing MRD as an
intermediate endpoint in multiple myeloma.?’ We recommend sponsors prioritize including a 6-
month post-baseline sample collection, as some literature has shown durability of response and this
measurement aligns with when PFS6 is assessed, an endpoint often used in studies focused on
aNSCLC treated with 10.22 If feasible, consider also including a T1-year assessment?® and a
measurement at the time of progression.

Table 3. Prioritized recommendations for timing of sample collection for ctDNA

assessment.
ctDNA Sample | Definition High priority Lower priority
Baseline Sample measurements Collect baseline ctDNA Measurements up to 14
before treatment on C1D1 before infusion | days before C1D1 can be
initiation considered
Molecular Samples collected after | Collect samples at the Continue collecting
Response treatment initiation but same time as infusions samples every infusion
Assessment before progression for the subsequent 3 through progression
cycles (i.e., C2D1, C3DT,
and C4D1)
Durability Samples collected after | Collect a 6-month post- | Collect a sample at
a period of time to treatment initiation progression and at 1-
assess durability of sample year post treatment
response initiation

Patient Inclusion Considerations

When performing the meta-analysis, there may be baseline characteristics (e.g., specific clinical
prognostic factors) that should be included in the analysis to assess their impact on the predictive
nature of ctDNA. Sometimes, patients with non-measurable disease at baseline by radiographic
assessment using RECIST guidelines are excluded from clinical trials. A parallel scenario is non-
detected ctDNA at baseline, which may be due to either the limited sensitivity of the assay or true
non-detectable ctDNA in the plasma sample. Either way, various reports demonstrate that non-
detected ctDNA at baseline is a prognostic biomarker.817.24.25 |n the ctMoniTR Project, most patients
with non-detected ctDNA at baseline also have non-detected ctDNA on treatment, which makes it
challenging to know whether the resulting associations with outcomes are related to the patient’s
response to treatment. The serial non-detection can also be due to assay limitations (i.e., the
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patient’s tumor does not have a mutation in the gene panel), the assay’s LoD may not support the
detection of the mutation, or the volume of plasma was too low (i.e. by chance, insufficient tumor
DNA fragments were in the small sample).

Many prospective clinical trials currently under development will consider ctDNA as an exploratory
endpoint and inclusion/ exclusion criteria will be tailored to evaluating the primary endpoint (e.g.,
measurable disease by RECIST assessment). Excluding patients with non-detected ctDNA at
baseline could lead to bias and there may be patients who go on to have detected ctDNA on
treatment. Additionally, the time it takes for ctDNA results to return may be too long for many
patients to wait to start a trial if detected baseline ctDNA were an inclusion criterion. As such, we
recommend including patients with non-detected ctDNA in the clinical trial. The meta-analysis plan
should include an approach to how these patients’ data will be considered (e.g., as a stratification
factor).

Prior anti-cancer therapies may impact baseline ctDNA values. When describing patients’ baseline
measures, it is important to report the history of prior therapy and the time since previous line of
therapy. A minimum washout period before ctDNA analysis is unclear but should be accounted for
and has the potential to be analyzed in meta-analyses.

Calculating Molecular Response

Approaches to defining molecular response are evolving and will be finalized prior to undertaking the
formal validation meta-analysis. As such, several characteristics might be required for defining
response and sponsors will be asked to ensure all necessary data are prospectively collected.

While it is agreed that change in ctDNA from a baseline to on-treatment should define a molecular
response, the approach to calculating change is yet to be determined. Most commonly, a change is
calculated as a percent change, which in the context of an aggregate analysis, accounts for assay
differences making it more poolable. Currently, a greater than 50% or 90% decrease in ctDNA levels
or ctDNA clearance is used to determine a molecular responder.® 26 27 One concern with this
approach is that patients with small VAFs at baseline (i.e., <1.0%) may have large percent changes
as VAF values become exponentially smaller, but these changes may not translate to biologically or
clinically relevant differences. Another potential concern is with the reliability of the numerical results
at low VAF. As such, a proposed method for calculating molecular response is to use absolute
change—though it is unclear how to apply this strategy in the context of an aggregate analysis
without comparability across assays. A third proposed method is to consider clearance of ctDNA
(i.e., ctDNA that becomes non-detected on treatment). Again, assay differences, including variations
in sensitivity, may influence results and contribute to differences in detection levels and this may
overly limit the population of patients who qualify as molecular responders.

We recommend that sponsors use a percent change for studies that assess aNSCLC treated with 10
given past work, but if a considerable number of patients have ctDNA clearance on treatment, a
clearance cutoff could be considered in the context of a clearly documented assay LoD. The meta-
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analysis should consider >50% decrease, >90% decrease, and clearance as three approaches to
calculate a molecular responder. The primary endpoint for validation will be defined prior to
conducting the meta-analysis. For each patient, it is important to record the precise volume of input
plasma used for cfDNA extraction, the total cfDNA extracted from the plasma, the tumor fraction
estimate, a measure of the error range/ confidence interval around the estimate, and the amount of
cfDNA input into DNA sequencing library preparation. These values can support recalculation of
ctDNA output and ctDNA change metrics as needed to ensure consistency.

Comparing Treatment Groups Using Molecular Response

While there is robust evidence demonstrating associations between change in ctDNA levels and
outcomes, few studies focused on comparing two trial arms to determine superiority using ctDNA
data. While this is something that can be further explored in meta-analyses, it is important to
consider what data should be collected in prospective analyses to ensure meaningful results.

There are two main approaches for determining whether one group has a better molecular response
over another: 1) defining a cutoff (e.g., >50% decrease) as a ‘molecular responder” then calculating
a molecular response rate (i.e., percentage of patients who are molecular responders) and/or 2)
determining the depth of response and comparing whether one arm has a “deeper” response
compared to another (i.e., greater reduction in ctDNA levels). Duration of response is another
important element for evaluating molecular response, which measures how long ctDNA levels
remain reduced. While FDA does not consider durable clinical benefit a meaningful endpoint on its
own, it remains a key component of RECIST-based evaluations. Therefore, we recommend the
definition of molecular response focus on change in ctDNA at earlier timepoints; however,
understanding the length of response is important and, as described above, collecting later blood
measurements (i.e., 6 months) as well as at progression is recommended. Considered as a package,
this enables both the primary goal of the validation of an early endpoint based molecular response
and the additional secondary goal of assessment of the evolution of ctDNA mid- to long-term post
initiation of treatment.

Conclusions

We have outlined a variety of considerations for data collection in prospective clinical trials
assessing aNSCLC treated with 10 and incorporating ctDNA. The most critical recommendations for
alignment of study design and data collection are:

e Collect a baseline ctDNA measurement before treatment initiation, preferably on C1D1 before
infusion.

e Collect four on treatment measurements: three during subsequent treatment cycles (i.e.,
C2D1, C3D1, and C4D1) and one at 6-months post-treatment initiation; align with RECIST
measurements as is feasible.

e Use an assay that is sensitive enough to detect ctDNA in at least 70% of patients at baseline.
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e Report all relevant information as outlined in Table 1.

As sponsors plan and execute clinical trials assessing aNSCLC treated with 10, there is an
opportunity to prospectively incorporate ctDNA with an aligned approach. We focused on aNSCLC
treated with 10, however, principles outlined here could be considered for other advanced cancer
types and treatment modalities. Trials focused on aNSCLC treated with 10, if using an aligned
approach, can support the development and implementation of a meta-analysis plan that can assess
how change in ctDNA levels associate with OS in an aggregate trial-level manner. These analyses
can lay the groundwork for using ctDNA as an intermediate endpoint to ensure more rapid availability
of safe and effective drugs to patients with cancer.
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Appendix: Proposed Meta-Analysis Strategy for Validation of
CtDNA as an Intermediate Endpoint in aNSCLC Treated with
Immunotherapy and Summary of Additional Substudies to
Consider

Background

As we develop recommendations for data collection in prospectively designed trials, it is critical that
the approach to conduct the meta-analysis be considered concurrently. Although a fully detailed
meta-analysis protocol is outside of the scope of this white paper, we felt it was important to provide
considerations. Finalizing the analysis plan will require extensive feedback from different
statisticians, including statisticians from FDA's Center for Drug Evaluation and Research and from
regulators to ensure that the results would be sufficient for the validation of ctDNA as an
intermediate endpoint. Herein, we provide considerations for a meta-analysis that could be used to
aggregate randomized controlled trials that assess immunotherapy treatment in aNSCLC based on
ctDNA incorporated to future trials following the recommendations provided in the white paper.

This concept analysis plan provides considerations for potential statistical methods for trial- and
patient-level metanalyses to validate change in ctDNA levels as an intermediate endpoint. The
proposal serves to validate the trial design considerations discussed in the white paper, as well as
identify the key considerations to establish an analysis plan. As a guiding principle for the primary
goal, we consider the adoption of the simplest binary scenario for molecular response (MR). The
primary analysis in this concept analysis plan would use a percent change cutoff at a single early
timepoint for assessing associations with overall survival. The collaboration participants and
regulators will agree on both the cutoff and the timepoint prior to conducting the analysis. Secondary
objectives will include other cutoffs and timepoints. An initial list of sensitivity analyses is listed and
will be prioritized as part of the final analysis plan. Additional substudies are also provided in
summary form. These may be promoted to secondary analyses as part of the finalization process.

Trials to consider for the meta-analysis must be randomized controlled trials that meet assay and
clinical specifications described throughout the white paper. Studies should be included whether or
not they show a treatment effect on overall survival. Trial selection should be transparent and
unbiased (i.e., based on trial quality, relevance, and consistency rather than outcome driven).

Criteria to Establish for Study Inclusion in the Analysis

e Minimum number of patients per arm

e Minimum number of patients per arm have a MR

¢ Minimum number of pairwise comparisons to support the study level analysis

e |If survival follow-up is ongoing at the time of data cut-off, determine a minimum degree of
maturity
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Data Collection
CtDNA Timing

Baseline measurement (relative to treatment initiation, days)

Each on-treatment measurement (relative to treatment initiation, days)

Patient Characteristics

Age

Sex

Race

Smoking status

Stage (advanced stave IV vs else)
ECOG Performance Status
Number of prior lines of therapy
Histology

PD-L1 expression

Others to be pre-defined

Clinical Characteristics

Overall survival
Progression free survival
Confirmed (Yes/No)
BICR used (Yes/No)

Radiographic measurements throughout the study (i.e., RECIST categories, sum of diameter
calculations, timing for RECIST measurements relative to treatment initiation in days)

Assay Characteristics

Limit of detection (LoD)
Percent of patients with detected baseline ctDNA
Clonal hematopoiesis (CH) removal approach
Sample volume

o Serum at blood draw

o Input volume for ctDNA assay
Performance Parameters

o Limit of the blank (if applicable)
Precision
Accuracy
Sensitivity/ Specificity
Pre-analytical approach including guidelines followed

o O O O

FRIENDS OF CANCER RESEARCH 2024 SCIENTIFIC REPORT



Descriptive Analyses
Various tabular and graphical summaries to describe:

e Study design features: sample size, arms under study, patient characteristics, median
duration of follow up
e Assay description
o Limit of detection
o Percent of patients with detected baseline ctDNA
o Sample volume
o CtDNA data completeness
e CtDNA distribution at baseline and primary timepoint
e 0S summary statistics
e PFSand RECIST summary statistics

Primnary Endpoints for Evaluation of ctDNA as an Intermediate Endpoint

0S is the clinical outcome of interest analyzed as a time to event variable. KM estimate at 2 or 3
years will be a secondary or sensitivity analysis. Molecular response will be defined prior to the
conduct of the analysis as described above and is denoted as MR below.

Primnary Analysis for Individual Patient Level Assessment

Degree of separation between MR and nMR relative to OS in a Cox Proportional hazard model
accounting for all relevant patient-level covariates, MR (y/n), treatment, treatment by MR interactions
(depending on the treatments included in the studies) and a stratification term for study. The primary
endpoint will be the HR for MR relative to nMR, the confidence interval and the p-value serve to
assess the strength of evidence. A specific threshold should be developed ahead of time (e.g., HR at
least 0.7 or better and 95% Cl excludes 1).

Secondary Analyses for Individual Patient Level Assessment

Secondary analyses will explore the relationship between various cutpoints and time points of
molecular response and overall survival, while sensitivity analyses will assess the robustness of
these findings by evaluating different patient subgroups, assay types, and MR thresholds.

Primary Analysis for Trial Level Assessment

Weighted linear regression model of log HR OS (test treatment vs. control in each study) vs. Log
odds ratio of MR to nMR

HR OS based on proportional Cox hazard with adjustment for covariates as described above.
The regression will be weighted by the inverse variances of the log odds ratio for log OR MR.

The linear regression may include additional terms for covariates such as study and paired types of
treatment-control pairs.
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Study-level association metrics of R? and associated confidence interval will be calculated. Criteria
will be pre-specified (e.g., R? at least 0.7 and the lower end of the confidence interval is above 0.5).

Secondary Analyses for Trial Level Assessment

Secondary analyses will explore the relationship between various definitions and time points of
molecular response and overall survival, while sensitivity analyses will assess the robustness of
these findings by additional statistical model (e.g., weighting by study size) and as above, evaluating
different patient subgroups, assay types, and variant allele frequency thresholds.

Substudies

Additional substudies may be valuable as part of a supportive package for the main
analysis to validate ctDNA as an intermediate endpoint. An initial list is provided

below:
Aspect Evaluated Description
Baseline ctDNA as a prognostic factor Include assessment of stratification in tertiles or

quintiles of outcomes by baseline values of ctDNA.

Time course of ctDNA: depth and duration Enables evaluation of response over time, which
of response may be key to future development of more refined
tools/definition in aNSCLC and in other settings.

If sufficient data are provided, we can further
evaluate any 'lead time' in ctDNA to identify when
molecular progression occurs.

Reproduce the validation for PFS to OS Serves as context setting for the results achieved
assessment and/or an earlier RECIST with ctDNA.
based assessment of response

Value of ctDNA beyond other intermediate | Addresses how ctDNA can be positioned alongside
endpoints such as PFS or ORR other intermediate endpoints (e.g., Is molecular
response more or less predictive than PFS or other
definitions of RECIST relative to 0S? Does MR have
a role in further stratifying patients with stable
disease?).
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Abstract: Circulating tumor DNA (ctDNA) holds promise as a biomarker for predicting clinical
responses to therapy in solid tumors, and multiple ctDNA assays are in development. However,
the heterogeneity in ctDNA levels prior to treatment (baseline) across different cancer types and
stages and across ctDNA assays has not been widely studied. Friends of Cancer Research formed a
collaboration across multiple commercial ctDNA assay developers to assess baseline ctDNA levels
across five cancer types in early- and late-stage disease. This retrospective study included eight
commercial ctDNA assay developers providing summary-level de-identified data for patients with
non-small cell lung cancer (NSCLC), bladder, breast, prostate, and head and neck squamous cell
carcinoma following a common analysis protocol. Baseline ctDNA levels across late-stage cancer
types were similarly detected, highlighting the potential use of ctDNA as a biomarker in these cancer
types. Variability was observed in ctDNA levels across assays in early-stage NSCLC, indicative
of the contribution of assay analytical performance and methodology on variability. We identified
key data elements, including assay characteristics and clinicopathological metadata, that need to
be standardized for future meta-analyses across multiple assays. This work facilitates evidence
generation opportunities to support the use of ctDNA as a biomarker for clinical response.

Keywords: ctDNA; cancer; biomarker

1. Introduction

The measurement of circulating tumor DNA (ctDNA) has emerged as a promising
surrogate for disease burden and, by extension, a research tool to rapidly evaluate clinical
response across a myriad of therapeutic interventions. Emerging data continue to build
momentum around the various clinical and regulatory applications of ctDNA in oncology,
including predicting a patient’s response to therapy [1-5]. The use of ctDNA to predict
clinical response could enable faster identification and development of more effective drugs
and, importantly, support regulatory decision-making as an early endpoint predicting
long-term clinical outcomes [6-9]. Early endpoints that are “reasonably likely to predict
a clinical benefit” are increasingly important in oncology drug development to shorten
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development timelines and get effective drugs to patients faster [10]. The U.S. Food and
Drug Administration’s (FDA) Draft Guidance on the Use of Circulating Tumor DNA for
Early-Stage Solid Tumor Drug Development highlights the use of ctDNA as an early
endpoint in clinical trials; however, it also states that further data are needed to support its
use [11].

Although advancements in technologies are leading to more sensitive and precise
tools for detecting and measuring ctDNA, all technologies have inherent limitations and
variability [12]. Further, tDNA may not be detected at sufficient levels to allow informative
analysis across all cancer types and stages. Thus, it is important to understand the extent
to which heterogeneity in ctDNA levels across different cancer types and stages stems
from tumor-specific factors, such as tumor shed rates, and technical factors, such as the
dynamic range of the assay for interpreting ctDNA measurement. Several efforts have
assessed the landscape of ctDNA detection across cancer types in large real-world evidence
cohorts [13-15]. However, these data are specific to a single technology, laboratory, or assay
and are focused largely in the advanced or metastatic setting where tumor biology may
be fundamentally different from earlier-stage cancer in which the application of ctDNA
as an early endpoint may be especially valuable. To evaluate the technical and biological
variability across cancer types and assays, a multi-assay study was conducted to investigate
baseline ctDNA levels (ctDNA levels prior to current cancer treatment) in multiple cancer
types and stages. We generated descriptive statistics to compare trends in baseline ctDNA
levels across assays by cancer type and stage through a collaborative effort with multiple
commercial assay developers. While informative, our findings identified key considerations
required to support broad data harmonization efforts to generate evidence for the use of
ctDNA as an early endpoint across assays and clinical settings.

2. Materials and Methods

Each assay developer retrospectively aggregated data from their database follow-
ing a common data analysis protocol, which specified data elements and analyses to
generate summary-level statistics across five cancer types (see Supplementary Materials,
Tables S1-53), with each assay dataset defined as a cohort. Patients included in this analysis
were adult patients, aged 18 or older at the date of ctDNA sample collection, diagnosed
with cancer, and had either not yet initiated anti-cancer therapy or had not received anti-
cancer therapy at the time of baseline sampling (see Supplementary Materials, Section S3).
Non-small cell lung cancer (NSCLC), bladder, breast, prostate, and head and neck squa-
mous cell carcinoma (HNSCC) cancers were analyzed due to the availability of baseline
ctDNA data from at least two assay developers. Patients were included if they had known
early- or late-stage cancer at the time of baseline sampling. Summary-level clinical and
demographic characteristics were reported for each cohort if known.

The pre-analytic cell free DNA (cfDNA) minimal technical data elements (MTDEs) [16]
proposed by the Blood Profiling Atlas in Cancer (BloodPAC) Consortium were used to
ensure that pre-analytical variability was similarly controlled across cohorts to reduce the
impact of pre-analytical factors. Assay characteristics were reported and aggregated across
developers. No patient-level identifiers and, thus, no protected health information were
revealed or exchanged in this process.

Summary-level data on baseline ctDNA levels for specific cancer types and stages
were reported by cohort. Following the ctDNA to Monitor Treatment Response (ctMoniTR)
project [9], summary-level statistics of sample size, median, mean, standard deviation (SD),
Interquartile Range (IQR), minimum and maximum for each of the median variant allele
frequency (VAF), maximum VAF, and mean VAF were reported for baseline ctDNA levels.
Descriptive statistics were used.
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3. Results
3.1. Assay Characteristics

Eight commercial assays measuring baseline ctDNA were blinded and included in the
analysis (labeled Cohort A-I). Five assays (62.5%) were tumor-informed (i.e., mutations
identified in the primary tumor tissue that are tracked in the plasma), and three (37.5%)
were tumor-naive (i.e., mutations were detected de novo from the plasma). All but one
assay (87.5%) used next-generation sequencing (NGS); the remaining assay used droplet
digital PCR (ddPCR). Half (4/8) of the assays did not conduct clonal hematopoiesis of
indeterminate potential (CHIP) filtering, three (37.5%) used bioinformatic methods, and
one (12.5%) used germline sequencing methods to filter for CHIP variants. All assays
assessed single nucleotide variants (SNVs) with a median limit of detection (LOD) of 0.2%
VAF (range, 0.0011-0.5%).

3.2. Sample Characteristics

Across the eight cohorts, data from early- and late-stage samples were provided for
NSCLC, with 2357 early-stage and 62,994 late-stage samples and 87,209 total samples across
all five late-stage cancer types (Table 1). Most cohorts did not have data available for AJCC
staging, prior anti-cancer treatments, recurrence or progression status, and the type of
recurrence. The timing of ctDNA sampling relative to diagnosis varied across cohorts, with
long durations observed in late-stage cancers.
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3.3. Baseline ctDNA Levels

In comparing early- versus late-stage NSCLC, the frequency of ctDNA detection
varied across cohorts, with late-stage NSCLC having a higher proportion of samples with
detected ctDNA than early-stage in data from assays that had both early- and late-stage data
available (Table 1, Figure 1). For those samples with detected ctDNA, late-stage NSCLC
samples generally appeared to have higher levels as compared to early-stage samples, with
cohort variability observed. Across the late-stage cancer types evaluated, baseline ctDNA
was similarly detected across most samples across cohorts (Table 1, Figure 2). For the three
assays with data available across all five late-stage cancer types, baseline ctDNA levels
were similar across cancer types and assays.

1°+4l +*+Ml

0.01

Baseline Median VAF (%)
Logscale

0.001

0.0001

’ i A B D E | A B C D F G

Proportion of Overal = . = o s o o S 5 i o

Cohort with Detected CtDNA 232% 31% 89.7% 51.3% 85.5% 37.6% 7.9% 92.4% 92.4% 77.3% 99.6%
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Figure 1. NSCLC baseline ctDNA levels for samples with detected ctDNA. Median VAF (IQR) ctDNA
levels for samples with detected ctDNA by cohort, with the proportion of total cohort samples
with detected ctDNA shown below the graph. Cohorts in red are tumor-informed assays, and
cohorts in black are tumor-naive assays. Median VAF—the median of VAF values from all somatic
tumor-derived variants.

10

Baseline Median VAF
Log scale

0.1

2105N
1spalg
Jeppwlg
2101S0.d
DOSNH
210SN
1spalg
Ieppwlg
9}031S01d
DOSNH
O10SN
1spalg
Jeppolg
391031S0.d
DOSNH

0
o
@

Cohort :,riff gr;'g’;f;ﬁ,o;g',;’ﬂ 92.4% 89.6% 93% 84.5%88.3% 92.4% 921% 90.1% 86.3% 87.5% 99.6% 99.5% 99.3% 99.6% 99.4%
Figure 2. Late-Stage baseline ctDNA levels for samples with detected ctDNA. Median (IQR) VAF
ctDNA levels for samples with detected ctDNA by cohort, with the proportion of total cohort samples
with detected ctDNA shown below the graph. Colored points highlight the different cancer types.
Cohorts in red are tumor-informed assays, and cohorts in black are tumor-naive assays. Median
VAF—the median of VAF values from all somatic tumor-derived variants.
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4. Discussion

This collaborative effort evaluated baseline ctDNA levels by cancer type and stage
across different assays to identify overall trends and considerations to support future data
harmonization efforts to generate evidence for the use of ctDNA as an early endpoint.
Overall, baseline ctDNA levels across late-stage NSCLC, breast, bladder, prostate, and
HNSCC cancers were similarly detected, suggesting the potential opportunity to use ctDNA
as a clinical biomarker in these cancer types. Conversely, more variability in ctDNA levels
across assays was observed in early-stage NSCLC than in late-stage disease, highlighting
the critical need to consider factors such as assay analytical performance and methodology
for evaluating ctDNA in this setting [17].

Assay characteristics, including the intended use, features assessed, and analytical
performance, were variable, leading to difficulties in interpreting aggregated data. The
development of common data standards could help allow more robust comparisons across
assay datasets [18]. The heterogeneity in approaches to identifying SNVs (e.g., tumor-
informed or naive) and CHIP filtering can cause variability between assays for samples
determined to have detected ctDNA. For example, our study explored mean, median, and
maximum VAF (median reported herein) and observed biases in mean and maximum
VAF values in some cohorts due to conflation by high VAF values derived from suspected
germline variants. However, median VAF may also misrepresent data when ctDNA levels
are low (e.g., in the stochastic range) and bias against the lower range of detection. There-
fore, setting standards for how ctDNA levels are reported across assays as well as a clear
understanding of the methodology for obtaining ctDNA values are critical.

Real-world data are a valuable source of data for analyses but provide challenges
in meta-analyses due to data missingness and heterogeneity [19]. The availability of
clinicopathological data was generally lacking across cohorts in this study. Each developer
could confidently categorize their samples as either early- or late-stage disease. Many
could not provide the AJCC clinical staging, which may impact observed ctDNA levels
given differences in tumor shedding by stage, and data on prior anti-cancer treatments
and recurrence or progression status were mostly unknown. The lack of available clinical
data was not surprising given that assay developers included in this analysis were clinical
laboratories providing testing as a service to health systems and may not have routine
access to comprehensive clinical data for each sample tested. However, an understanding
of prior treatment is critical to define baselines, as samples may be included from patients
who are treatment-naive, as well as patients who have received prior anti-cancer treatment
and subsequently recurred or progressed. Due to unknown clinicopathological factors,
treatment or surgical intervention status, and sample collection timing from diagnosis,
significant cohort heterogeneity may complicate comparisons across cohorts.

The timing from diagnosis to sampling was heterogeneous, especially in late-stage
cancers, which could be affected by the intended use of the test when ctDNA analysis
is conducted during the patient journey. This variability, along with other anti-cancer
treatments or modalities that could impact ctDNA levels, highlights the importance of
defining minimal criteria for the length of time between diagnosis and sampling. This
may potentially avoid variability surrounding long timeframes. As a result, it is important
to identify and standardize key data elements, including assay characteristics and clini-
copathological data, to facilitate robust evidence generation to support the use of ctDNA
as an early endpoint, leading to more harmonized and effective use of ctDNA in future
clinical research and care.

5. Conclusions

To support the future use of ctDNA as an early endpoint, meta-analyses across assays,
supported by appropriate clinicopathological metadata, are needed for multiple cancer
types and stages. This collaborative effort has enabled the evaluation of baseline ctDNA
levels by cancer type and stage across different assays to identify overall trends and
considerations. This effort supports future data harmonization efforts to validate the use
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of ctDNA as an early endpoint, highlighting the potential opportunity to use ctDNA as
a clinical biomarker in late-stage NSCLC, breast, bladder, prostate, and HNSCC cancers
due to the similar detection of baseline ctDNA levels across these cancer types. However,
more variability in ctDNA levels across assays was observed in early-stage NSCLC than in
late-stage types, underscoring the importance of evaluating factors such as assay analytical
performance and methodology in this setting.

Given the heterogeneity of data from real-world sources, routine collection and analy-
sis of ctDNA from patients in oncology clinical trials may provide more comprehensive
and standardized clinical data and assure within-cohort control over technical variability.
The development of common data standards and an understanding of assay technological
features and key performance characteristics can improve the poolability of data gener-
ated using different assays. The learnings from this study, such as the need to address
the heterogeneity in approaches to identifying SNVs and the challenges posed by assay
characteristic variability, underscore the complexity of interpreting aggregated data and the
importance of developing methodological approaches to combine data from different trials
and assays. These highlighted data needs can facilitate future pooled analyses to generate
robust evidence to support the use of ctDNA as a biomarker and early endpoint, setting
the stage for a more harmonized and effective approach to oncology drug development
and patient care.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390/diagnostics14090912/s1: Supplementary Protocol: Introduction, Ob-
jective, Study Cohort, Data Collection, Statistical Considerations, Data Dictionary and Table S1: Study
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Author Contributions: Conceptualization, B.AM., HS.A,, M.D.S. and ].D.A.; methodology, B.A.M.,
HS.A,ELB,JC,CRE, DF, VG, CG,]G,G]J, XL,MSN, MRP,GAP,MS, AS,N.Z,
Z.Z.,M.DS. and ].D.A; formal analysis, B.A.M., HS.A. and M.D.S; resources, M.D.S. and ].D.A.;
data curation, B.A.M. and M.D.S.; writing—original draft preparation, B.A.M.; writing—review and
editing, B.AM., HS.A,ELB, J.C, CRE, DFE, VG, CG,]G,G]J,XL,MSN,MRP,GAP,MS,
AS.,N.Z,Z7.,MDS. and ].D.A ; visualization, B.AM., HS.A.,, ELB, ]J.C.,, CRE,DFE, VG, CG,,
J.G,GJ,XL,MSN, MRP,GAP,MS,, AS,N.Z,ZZ,MD.S. and ].D.A.; project administration,
B.A.M. and M.D.S; funding acquisition, J.D.A. All authors have read and agreed to the published
version of the manuscript.

Funding: This research was funded by Friends of Cancer Research.

Institutional Review Board Statement: This study involved the secondary use of de-identified data,
which did not include any patient-level identifiers or protected health information. Accordingly, this
research did not involve human subjects as defined under applicable regulations and, thus, was not
subject to IRB review.

Informed Consent Statement: Patient consent was either waived or not required under 45 CFR
46.104(d)(4)(ii) which defines use of biospecimens in such a manner that the identity of the human
subjects cannot readily be ascertained.

Data Availability Statement: The patient-level datasets presented in this article are not readily
available due to patient privacy and legal restrictions.

Conflicts of Interest: FL.B. is an employee of Exact Sciences; J.C. is an employee of Tempus Al, Inc.;
C.R.E. is an employee and stockholder with Guardant Health; D.F. is an employee of Foundation
Medicine; V.G. is an employee of Predicine; ].G. is an employee of Tempus Al Inc.; G.J. is an employee
and stockholder with NeoGenomics; X.L. is an employee of Burning Rock; M.N. is employee and
shareholder of NeoGenomics; G.A.P. is an employee and holds equity in Biodesix, Inc.; M.S. is
an employee of Personal Genome Diagnostics (Labcorp) and holds equity in Labcorp; A.S. is an
employee of Tempus Al Inc.; N.Z. is an employee of Guardant Health; Z.Z. is an employee of Burning
Rock; and all other authors report no conflicts of interest.

FRIENDS OF CANCER RESEARCH 2024 SCIENTIFIC REPORT



References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Medina, J.E.; Dracopoli, N.C.; Bach, P.B.; Lau, A.; Scharpf, R.B.; Meijer, G.A.; Andersen, C.L.; Velculescu, V.E. Cell-free DNA
approaches for cancer early detection and interception. |. Immunother. Cancer 2023, 11, €006013. [CrossRef] [PubMed]
Semenkovich, N.P; Szymanski, ].J.; Earland, N.; Chauhan, P.S.; Pellini, B.; Chaudhuri, A.A. Genomic approaches to cancer and
minimal residual disease detection using circulating tumor DNA. J. Immunother. Cancer 2023, 11, e006284. [CrossRef] [PubMed]
Vellanki, PJ.; Ghosh, S.; Pathak, A.; Fusco, M.].; Bloomquist, E.W.; Tang, S.; Singh, H.; Philip, R.; Pazdur, R.; Beaver, ].A. Regulatory
implications of ctDNA in immuno-oncology for solid tumors. . Immunother. Cancer 2023, 11, €005344. [CrossRef] [PubMed]
Sivapalan, L.; Murray, ].C.; Canzoniero, ].V.; Landon, B.; Jackson, J.; Scott, S.; Lam, V.; Levy, B.P.; Sausen, M.; Anagnostou, V.
Liquid biopsy approaches to capture tumor evolution and clinical outcomes during cancer immunotherapy. J. Immunother. Cancer
2023, 11, €005924. [CrossRef] [PubMed]

Pantel, K.; Alix-Panabieres, C. Crucial roles of circulating tumor cells in the metastatic cascade and tumor immune escape: Biology
and clinical translation. J. Immunother. Cancer 2022, 10, €005615. [CrossRef] [PubMed]

Ricciuti, B.; Jones, G.; Severgnini, M.; Alessi, ].V.; Recondo, G.; Lawrence, M.; Forshew, T.; Lydon, C.; Nishino, M.; Cheng, M.; et al.
Early plasma circulating tumor DNA (ctDNA) changes predict response to first-line pembrolizumab-based therapy in non-small
cell lung cancer (NSCLC). J. Immunother. Cancer 2021, 9, €001504. [CrossRef] [PubMed]

Seremet, T ; Jansen, Y.; Planken, S.; Njimi, H.; Delaunoy, M.; El Housni, H.; Awada, G.; Schwarze, ].K.; Keyaerts, M.; Everaert, H.;
et al. Undetectable circulating tumor DNA (ctDNA) levels correlate with favorable outcome in metastatic melanoma patients
treated with anti-PD1 therapy. ]. Transl. Med. 2019, 17, 303. [CrossRef] [PubMed]

Nabet, B.Y.; Esfahani, M.S.; Moding, E.J.; Hamilton, E.G.; Chabon, ].].; Rizvi, H.; Steen, C.B.; Chaudhuri, A.A; Liu, C.L.; Hui, A.B;
et al. Noninvasive Early Identification of Therapeutic Benefit from Immune Checkpoint Inhibition. Cell 2020, 183, 363-376.e13.
[CrossRef] [PubMed]

Vega, D.M.; Nishimura, K K,; Zariffa, N.; Thompson, ].C.; Hoering, A.; Cilento, V.; Rosenthal, A.; Anagnostou, V.; Baden, J.; Beaver,
J.A.; et al. Changes in Circulating Tumor DNA Reflect Clinical Benefit Across Multiple Studies of Patients with Non-Small-Cell
Lung Cancer Treated with Immune Checkpoint Inhibitors. JCO Precis. Oncol. 2022, 6, €2100372. [CrossRef] [PubMed]

Beaver, ].A.; Howie, L.J.; Pelosof, L.; Kim, T,; Liu, J.; Goldberg, K.B.; Sridhara, R.; Blumenthal, G.M.; Farrell, A.T.; Keegan, P;
et al. A 25-Year Experience of US Food and Drug Administration Accelerated Approval of Malignant Hematology and Oncology
Drugs and Biologics. JAMA Oncol. 2018, 4, 849-856. [CrossRef] [PubMed]

Use of Circulating Tumor DNA for Early-Stage Solid Tumor Drug Development Guidance for Industry DRAFT GUIDANCE.
Available online: https:/ /www.fda.gov /vaccines-blood-biologics /guidance (accessed on 19 October 2023).

Desai, A.; Lovly, C.M. Challenges in the implementation of ultrasensitive liquid biopsy approaches in precision oncology.
J. Immunother. Cancer 2023, 11, 006793. [CrossRef] [PubMed]

Zhang, Y.; Yao, Y;; Xu, Y.; Li, L.; Gong, Y.; Zhang, K.; Zhang, M.; Guan, Y.; Chang, L.; Xia, X,; et al. Pan-cancer circulating tumor
DNA detection in over 10,000 Chinese patients. Nat. Commun. 2021, 12, 11. [CrossRef] [PubMed]

Zill, O.A.; Banks, K.C.; Fairclough, S.R.; Mortimer, S.A.; Vowles, ].V.; Mokhtari, R.; Gandara, D.R.; Mack, P.C.; Odegaard, J.L;
Nagy, R.J; et al. The landscape of actionable genomic alterations in cell-free circulating tumor DNA from 21,807 advanced cancer
patients. Clin. Cancer Res. 2018, 24, 3528-3538. [CrossRef] [PubMed]

Bettegowda, C.; Sausen, M.; Leary, R].; Kinde, I.; Wang, Y.; Agrawal, N.; Bartlett, B.R.; Wang, H.; Luber, B.; Alani, RM.; et al.
Detection of circulating tumor DNA in early- and late-stage human malignancies. Sci. Transl. Med. 2014, 6, 224. [CrossRef]
Febbo, P.G.; Martin, A.; Scher, H.I.; Barrett, J.C.; Beaver, J.A.; Beresford, PJ.; Blumenthal, G.M.; Bramlett, K.; Compton, C.;
Dittamore, R.; et al. Minimum Technical Data Elements for Liquid Biopsy Data Submitted to Public Databases. Clin. Pharmacol.
Ther. 2020, 107, 730-734. [CrossRef] [PubMed]

Pennell, N.A; Mutebi, A.; Zhou, Z.-Y.; Ricculli, M.L.; Tang, W.; Wang, H.; Guerin, A.; Arnhart, T.; Dalal, A.; Sasane, M.; et al.
Economic Impact of Next-Generation Sequencing Versus Single-Gene Testing to Detect Genomic Alterations in Metastatic
Non-Small-Cell Lung Cancer Using a Decision Analytic Model. JCO Precis. Oncol. 2019, 3, 1-9. [CrossRef] [PubMed]
Henriksen, T.V.; Reinert, T.; Christensen, E.; Sethi, H.; Birkenkamp-Demtroder, K.; Gogenur, M.; Gégenur, I.; Zimmermann, B.G.;
Dyrskjet, L.; Andersen, C.L.; et al. The effect of surgical trauma on circulating free DNA levels in cancer patients—Implications
for studies of circulating tumor DNA. Mol. Oncol. 2020, 14, 1670-1679. [CrossRef] [PubMed]

Lerro, C.C.; Bradley, M.C.; Forshee, R.A.; Rivera, D.R. The Bar Is High: Evaluating Fit-for-Use Oncology Real-World Data for
Regulatory Decision Making. JCO Clin. Cancer Inform. 2024, 8, €2300261. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

<ININdOT3IN3A 9NAA FAILVAONNI

>
v}
<
>
4
Y
4
@
m
>
A
-
<
m
4
O
o
o
4
-
()
>
4
O
4
o
<
m
-
m
=
O
m
4
(2}
m
o
>
-
=
2
>
<
()

139






Complex Biomarkers

Harmonizing Measurement and Al Applications




Analysis of 20 Independently Performed Assays to Measure
Homologous Recombination Deficiency (HRD) in Ovarian
Cancer: Findings From the Friends’ HRD
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PURPOSE Homologous recombination deficiency (HRD) assays measure DNA damage
repair dysfunction to identify patients with high-grade serous ovarian cancer
(HGSOC) who may benefit from poly ADP-ribose polymerase inhibitors
(PARPis). Numerous assays are available, but only two have undergone pro-
spective clinical validation. Assay variability can affect patient and provider
treatment choices; however, the level of assay variability across laboratory
developed tests is unknown.
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METHODS Friends of Cancer Research initiated a research partnership, inviting HRD assay clniea Bncalogy
developers to participate in two blinded analyses. In the first, 11 assay developers
reported HRD status for the Cancer Genome Atlas HGSOC data set (In Silico; n =
348) and then 17 assay developers reported HRD status for nucleic acids freshly
extracted from archival specimens (n = 90) from patients with advanced

HGSOC (clinical). HRD status was compared for each analysis.

RESULTS The median (IQR) pairwise positive percent agreement (PPA) for the in silico
analysis was 74% (51%-89%) and 81% (64%-92%) for pairwise negative percent
agreement (NPA); for the clinical analysis PPA was 83% (70%-91%) and NPA was
80% (62%-91%). There was higher positive agreement on HRD status calls
among those with a BRCA1 or BRCA2 mutation and a higher negative agreement in
CCNE1-amplified cases. Sample characteristics like tissue block age were not
observed to be associated with agreement. A subgroup of tumors largely called
HRD across assays with no BRCA1 or BRCA2 mutations was associated with better
outcomes on standard platinum-based therapy compared with not HRD; how-
ever, the subgroup was small, and further research is warranted.

CONCLUSION This analysis demonstrates how results from 20 HRD assays compare when

assessing HGSOC. The results set the stage to improve alignment and establish

; Creative C Attributi
standards for acceptable levels of agreement moving forward. reative Lommons ALTbution

Non-Commercial No Derivatives
4.0 License

INTRODUCTION

Poly ADP-ribose polymerase (PARP) inhibitors (PARPis)
treat a range of malignancies and exert their effects
through synthetic lethality, where the accumulation of
single-stranded DNA breaks and PARPi trapping is lethal
in the context of homologous recombination deficiency
(HRD).* 3 Patients with high-grade serous ovarian cancer

FRIENDS OF CANCER RESEARCH 2024 SCIENTIFIC REPORT

(HGSOC) whose tumors are HRD have better outcomes
when treated with PARPi maintenance therapy.*7 Nearly
half of patients with HGSOC have HRD, and approximately
half of patients with HRD or about 20% of all patients with
HGSOC have a deleterious or potentially deleterious
mutation in BRCA1 or BRCA2 (BRCA1/2),”"*° which are
integral to the homologous recombination repair (HRR)
pathway.



CONTEXT

Key Objective
To determine whether homologous recombination deficiency (HRD) status reporting differs across HRD assays assessing
ovarian cancer and what contributes to variability.

Knowledge Generated

Level of HRD status agreement across 20 assays was established, without consensus on acceptable level of agreement.
Characteristics that influenced HRD status agreement in the study included presence of a BRCAT or BRCA2 mutation or a
CCNET amplification, whereas those not observed to influence agreement included tumor content and DNA integrity.

SYINAVINOIG XI1dWOD

Relevance (S. Halabi)

This study has significant implications for clinical care, particularly in the management of high grade serous ovarian cancer.
The observed variability across different HRD assays underscores the need for standardization, as inconsistencies in assay
results can influence treatment decisions for both patients and providers. These findings highlight the importance of using
clinically validated assays to ensure reliable HRD status reporting, enabling more informed treatment choices and po-
tentially improving patient outcomes.*

Plain Language Summary (M. Lewis)
Whether or not 20 different tests of ovarian cancer agreed in their measurement of HRD (a condition in which cells cannot
repair their DNA properly) was most determined by the presence of a BRCAT or BRCA2 mutation or a CCNET amplification.”

*Relevance section written by JCO Oncology Advances Associate Editor Susan Halabi, PhD, FASCO.
'Plain Language Summary written by JCO Oncology Advances Associate Editor Mark Lewis, MD.

Much of the PARPi research and development, including
use of HRD assays, focuses on HGSOC." In 2012, three
seminal papers described genomic measures including
genomic loss of heterozygosity (gLOH),” telomeric-allelic
imbalance (TAI),> and large-scale transitions (LSTs)®
that correlate with what was then described as BRCAness,
which is now known as HRD. Since then, these measures
have been key for diagnostic assays used to define and
assess HRD.

HRD assays measure genotypic and/or phenotypic changes
reflecting impairment of genes in the HRR pathway (causes)
and genomic scarring/instability (ie, gLOH, TAI, LST, or
consequences).> Each assay aggregates selected features,
most often into a continuous score to which predetermined
assay-specific cutoffs are applied to define the HRD status
(ie, HRD or not HRD). Two HRD assays have been pro-
spectively validated in phase III clinical trials for selecting
patients with HGSOC who are more likely to benefit from
PARPis, and many other assays are available as laboratory-
developed tests.’>*5

Assay developers use different methods to assess HRD and
different terminology to describe HRD versus not HRD,
which may lead to variability in interpreting and reporting
HRD. Discordance in assay outputs may create challenges for
assay interoperability in oncology drug development, bio-
marker selected trial design, and clinical decision-making.
Evaluating concordance across assays and identifying

potential sources of discordance is an important first step to
address these challenges.

The value of multiassay comparisons to promote alignment
has been shown for tumor mutational burden'® and PDL1."7
Friends of Cancer Research (Friends) established a consor-
tium to assess agreement and identify potential sources of
discordance in HRD status interpretation from multiple HRD
assay developers assessing two different sets of ovarian
cancer samples. Insights gleaned from these analyses may
inform development, regulatory review, and clinical use of
HRD assays and provide meaningful information for other
oncology biomarker assay developments in the future.

METHODS
Overall Approach

Friends convened a working group inviting representatives
from commercial and academic HRD assay developers, aca-
demia, pharmaceutical companies, National Cancer Institute
(NCI), and the US Food and Drug Administration. HRD assay
developers were surveyed regarding factors incorporated into
their algorithms. Assay developers analyzed (1) the Cancer
Genome Atlas (TCGA) ovarian cancer data (in silico; n = 348
patients)® and/or (2) freshly extracted nucleic acids from
archival ovarian cancer samples (clinical; n = 90 patients) to
determine HRD status (Table 1). The results from assay de-
velopers were blinded and deidentified. Before analysis, the
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TABLE 1. Patient Characteristics

Characteristic No. (%)
In silico samples (n = 348)
BRCAT/2 mutation 83 (24)
Clinical samples (n = 90)
BRCAT/2 mutation 23 (26)
CCNET amplification 14 (16)
Race
White 66 (73)
Black 23 (26)
Other 1(1)
Stage
1A 9 (10)
1B 7 (8)
e 68 (76)
IVA 2 (2)
VB 44
Surgical treatment
Primary debulking
RO/NRD 18 (20)
Optimal 36 (40)
Suboptimal 9 (10)
Unknown 6 (7)
Interval debulking
RO/NRD 14 (16)
Optimal 6 (7)
Suboptimal 1(1)
Maintenance therapy
Primary debulking
No maintenance® 54 (60)
Avastin 4(4)
PARPI® 11 (12)
Interval debulking
No maintenance 15(17)
Avastin 2(2)
PARP® 4 (4)
Platinum status
Refractory/resistant 14 (16)
Sensitive 72 (80)
Missing 4 (4)
Age at diagnosis
<65 year 52 (58)
>65 year 38 (42)
Year of diagnosis
20122017 40 (44)
2018-2022 50 (56)

Abbreviations: RO/NRD, no residual disease; PARPI, poly ADP-ribose
polymerase inhibitors.

20ne patient included in the no maintenance category was reported to
have letrozole as maintenance therapy.

PPARPi was either niraparib or olaparib.

FRIENDS OF CANCER RESEARCH 2024 SCIENTIFIC REPORT

working group agreed on key variables for reporting (Sup-
plementary Methods; Data Supplement, Fig S1).

Assay Factors Analysis

The 20 assay developers identified factors used to determine
HRD, including whether the assay evaluated gLOH, TAI, LST,
BRCA1/2 mutations, and methylation and/or mutations in
HRR pathway genes other than BRCA1/2 (including number
of HRR genes assessed). Assays included in the clinical
analysis were also qualified as research use only (RUO) or
used in clinical settings (ie, clinical use assays). This in-
formation was reported to demonstrate the variability in
assay approaches and was used to assess associations with
concordance. Results reported herein use the terminology
HRD versus not HRD (homologous recombination profi-
ciency [HRP] is the biological scenario where cells effectively
repair DNA damage by HRR and HRD assays do not con-
sistently identify HRP.'%:9).

In Silico Samples

Assay developers measured and reported HRD status and the
contributing factor(s) for each sample. In silico analysis
participants (n = 11) accessed deidentified segmented files,>
MAF files, and BRCA1/2 germline mutation files** for 348
TCGA ovarian cancer samples.’® Some of the assay developers
modified their pipelines to allow for use of TCGA inputs.
Samples with BRCA1/2 mutations were defined as samples
identified in the TCGA germline mutation file and samples in
which any assay developer identified a pathogenic somatic
BRCA1/2 mutation (Table 1).

Clinical Samples

Institutional review board approval from the University of
Alabama at Birmingham (UAB) was obtained for use of
deidentified biospecimens accompanied by clinical infor-
mation. Archival formalin-fixed paraffin-embedded (FFPE)
ovarian cancer specimens from patients with stage III or IV
HGSOC newly diagnosed at UAB between 2011 and 2022 were
identified (n = 386). Patients included in the analyses were
chemotherapy-naive at tissue collection (n = 142).

Tissue curls (n = 99) were shipped to the Molecular Char-
acterization Laboratory (MoCha) at the NCI Frederick Na-
tional Laboratory for DNA and RNA extraction using the
AllPrep FFPE Nucleic acid Extraction kit and the QIAcube
automated platform (QIAGEN, Germantown, MD) as pre-
viously described.’® The method of extraction did not nec-
essarily align with each assay developers’ standard methods.
MoCha shipped identical aliquots of DNA and/or RNA from
samples passing quality control to each assay developer for
independent sequencing and HRD measurement (n = 90
cases/17 assays developers; Fig 1). Digitized H&E-stained
slides were used to calculate tumor content for associa-
tions with concordance (Supplementary Methods).



Statistical Analyses

Statisticians from the NCI Biometric Research Program
analyzed HRD status calls to assess the level of agreement
between assays and considered specific factors measured by
each assay to identify potential sources of variation. Data
from the in silico and clinical analyses were assessed con-
secutively, and the results were not directly compared, as not
all assay developers participated in both studies. HRD pos-
itivity was defined as the percentage of samples called HRD
per assay developer. Indeterminate and failed cases were
excluded from both the numerator and denominator for
calculation of each assay’s percent HRD.

Statistical tests to compare agreement measures between
different groups of samples (eg, those harboring BRCA1/2
mutations versus wild type [WT]) were performed using a
nonparametric bootstrapping procedure, resampling pa-
tients but treating assays as fixed. Two-sided P values were
computed. P values <.05 were reported as significant, but no
correction for multiplicity was applied so the results should
be interpreted as descriptive.

Additional details about definitions of agreement metrics
and statistical approaches are provided in the Supplemen-
tary Methods.

RESULTS

Assay Factors

Assay developers volunteered to participate in the clinical
analysis only (n = 9), the in silico analysis only (n = 3), or

both analyses (n = 8). All participating assay developers
assessed alterations in BRCA1 and BRCA2 when defining HRD
status. Sixty percent of the assays considered mutations
(median of 22 putative HRR genes, range, 14-46) beyond
BRCA1 and BRCA2. For consequences, 60% of the assays
included assessment of gLOH, 45% included TAI, and 45%
included LST or some combination thereof. Some stake-
holders incorporated artificial intelligence (AI) on broad
copy number features into their algorithms to determine
HRD status without directly assessing recognized measures
of gLOH, TAI, or LST.

The approach to calculating and reporting HRD status dif-
fered by assay. The range of continuous values reflecting
degree of HRD differed with developers using 0% to 100%, 0
t0100,0to1,0to 90, and —30 to +30. Among those who used
similar ranges, the cutoff value for defining HRD differed
(eg, 35, 40, 42, 50). When reporting results clinically, the
terminology to describe the findings included HRD-positive
versus HRD-negative, HRD-detected versus not detected,
HRD versus HRP, and HRD versus not HRD.

The median (range) percent HRD across assays for in silico
was 49% (9%-67%) and 52% (23%-74%) for clinical (Data
Supplement, Fig S2). For indeterminate and failed cases, 10
assays reported 0 cases, four assays reported 1-5 cases, and
three assays reported more than five cases.

HRD Concordance
Variability in HRD status across assays was observed for

both analyses (Figs 2A and 2B). Pairwise agreement per-
centages for HRD status are shown in Figure 3, with

Patients with newly diagnosed
stage Ill/lV HGSOC between 2011
and 2022 (n = 386)

Samples for Clinical Analysis

Patients who were not chemotherapy

Patients who were chemotherapy
naive at biopsy (n = 142)

naive atbiopsy (n = 244)

Samples with inadequate tissue
and/or <70% tumor cell nuclei and/or

Samples sent for nucleic acid
extraction (n = 99)

>20% necrosis as screened by
subjective pathology assessment (n = 43)

Samples with poor DNA quality and/or

Samples sent to diagnostics
developers for HRD analysis (n = 90)

low DNA yield (n = 9)

FIG 1. Identification of clinical samples for inclusion in this study. HGSOC, high-grade
serous ovarian cancer; HRD, homologous recombination deficiency.

SYINAVINOIG XI1dWOD

I
>
A
<
o
=
=
z
(0]
<
m
>
(%)
(=
A
m
<
m
4
-
>
4
O
=
>
v
)
=
0
>
=
o
z
(7]

145



In Silico Samples

@’;&sﬁmmﬁ

Assays

Clinical Samples

e

-I-I.u

Assays

b

e

o

=
o

— -
oc
2aT

I HII

Assay 9
Assay 6
Assay 7
Assay 8
Assay 10
Assay 11
Assay 2
Assay 4
Assay 5
Assay 1

Assay 3

| Emmn Percent HRD
|

BRCA1/2

Il oLoH
N
- LST

4.

Assay H
Assay J
Assay K
Assay B
Assay G
Assay M
Assay L
Assay N

. Assay Q

Assay C
Assay |

Assay E
Assay F
Assay O
Assay P
Assay A
Assay D

I . Percent HRD

BRCA1/2

HRD status

M HRD
Not HRD
NA

Percent HRD
100

50

gLOH

I Included 0
Not included BRCA1/2

B Mutated

TAI WT

W Included
Not included

LST

B Included
Not included

HRR

B Included
Not included

HRD status
W HRD

Not HRD
NA

Percent HRD
100

50

gLOH

B Included 0
Not included BRCA1/2

B Mutated
TAI WT

B 'ncluded
Not included

LST

B 'ncluded
Not included
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FIG 2. Variability in HRD status calls across assays. For both (A) the in silico analysis and (B) the clinical analysis, the tile plots
depict assays and samples ordered according to clustering by relatedness of HRD assessments. Assay factors (ie, gLOH, TAI, LST,
HRR [mutations in HRR pathway genes in addition to BRCAT and BRCAZ2]) are depicted as yes/no on the basis of whether assay
developer included the factor to determine HRD status in their assay algorithm. For HRD status, NA includes indeterminate, failed, or
not applicable samples. Percent HRD is included as a gradient depicting the percent HRD for the patient sample (ie, percentage of
assays called the sample HRD). BRCA1/2 indicates whether that sample had a BRCAT or BRCA2 mutation (mutated) or was WT. gLOH,
genomic loss of heterozygosity; HRD, homologous recombination deficiency; HRR, homologous recombination repair; LST, large-

scale transitions; TAI, telomeric-allelic imbalance; WT, wild type.

median (IQR) computed over all possible pairs. The me-
dian pairwise positive percent agreement (PPA) for the
in silico samples was 74% (IQR, 51%-89%) and for the
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clinical samples was 83% (IQR, 70%-

91%). The median

pairwise negative percent agreement (NPA) for the
in silico samples was 81% (IQR, 64%-92%) and for the



clinical samples was 80% (IQR, 62%-91%; Data Supple-
ment, Table S1).

Assessing Drivers of Variability

Assay, patient, tumor, and sample characteristics were
assessed for potential contributions to variability across
assays. Assay factors assessed to define HRD including
gLOH, TAI, LST, and HRR (ie, mutations in HRR pathway
genes) and assay use are indicated on the right on the tile
plots (Fig 2, Data Supplement, Fig S3). Similar levels of
agreement were observed when comparing RUO only assays
(n = 10) to clinical used assays (n = 7; Data Supplement,
Table S1).

For patient clinical and demographic characteristics,
agreement was similar for White and non-White patients on
most metrics; however, average pairwise negative agree-
ment (ANA; ie, on non-HRD) was better for non-White
patients with a median of 86% (IQR, 81%-89%) compared
with White patients who had a median of 70% (IQR, 55%-
80%; P < .01). Surgical debulking status did not exhibit an
association with agreement on HRD status (Data Supple-
ment, Table S1, Data Supplement, Fig S3).

Tumors with BRCA1/2 mutations were more consistently
categorized as HRD compared with cases with WT BRCA1
and BRCA2 (WT BRCA1/2) in both the in silico (n = 83) and
clinical (n = 23) analyses (Figs 2 and 3). Median PPA and
average pairwise positive agreement were higher, and NPA
and ANA lower, for tumors with BRCA1/2 mutations
compared with WT in the clinical analysis (P < .0001 for all
four agreement measures) and the in silico analysis (P <
.05 for all agreement measures except NPA where
P = .3761). CCNE1 gene amplification is associated with
non-HRD in HGSOC,?? and a greater negative (non-HRD)
agreement was observed for assessment of cases in the
clinical analysis with CCNE1 amplification (n = 14; median
NPA 91%, IQR, 73-100) compared with those without
CCNE1 amplification (n = 76; median NPA 75%, IQR, 61-
89; P < .01; Data Supplement, Table S1; Data Supplement,
Fig S3).

Clinical specimen characteristics were assessed for associ-
ations with assay agreement. The median tumor purity
as assessed by computational pathology was 78% (IQR,
66%-84%), and average concordance score of HRD status
(ACS [HRD]) was not observed to be associated with tumor
purity (Data Supplement, Fig S4A). DNA quality and the age
of the block were not observed to be associated with con-
cordance (Data Supplement, Figs S4B and S4C).

Examination of concordance of (binary) HRD status (ACS
[HRD]) in relation to continuous HRD scores revealed that
the lowest point on the blue lowess smoothing curve for
many assays was near their HRD cutoff, suggesting reduced
concordance of HRD status calls in that range (Fig 4).

Causes Versus Consequences

For the clinical analysis, assay developers reported whether
HRD status was determined by causes, consequences, or both
(Data Supplement, Fig S5). Of note, hierarchical clustering
with L1 distance and complete linkage led to visual identifi-
cation of two clusters of samples: one including more HRD
(HRD cluster; denoted in red) and one with more not HRD (not
HRD cluster; denoted in blue; Data Supplement, Fig S3). Within
the HRD cluster, most patients with a BRCA1/2 mutation were
clustered together. Among those within the HRD cluster with
WT BRCA1/2, many were defined as HRD by consequences
(Data Supplement, Fig S5). Aligning with this finding, assays J
and K, which assessed only mutations in HRR genes to define
HRD, did not call these samples HRD. Ultimately, the samples
fell into three groups: HRD cluster with mutated BRCA1/2, HRD
cluster with WT BRCA1/2, and the not HRD cluster.

HRD Associations With Platinum Response Status and
Long-Term Outcomes

All patients in the clinical analysis received platinum-based
therapy with or without a taxane and/or bevacizumab. Only
15 patients (17%) received PARPi maintenance therapy,
which was too few to draw conclusions about outcome-HRD
associations. Clinical sensitivity, specificity, positive pre-
dictive value (PPV), and negative predictive value (NPV) of
each of the HRD assays for association with responsiveness
to platinum-based chemotherapy were assessed (Data
Supplement, Fig S6). Most HRD cases had platinum-
sensitive HGSOC (n = 72, 80%), and the median (IQR) PPV
across assays was 91% (IQR, 89-95), whereas median (IQR)
NPV was 24% (IQR, 22-27).

The HRD cluster was numerically associated with better
overall survival (OS; hazard ratio [HR] = 0.67); however, the
curves crossed, and there was no statistically significant
difference based on a log-rank test (Figs 5A and 5B). The
median OS for the HRD cluster and not HRD cluster were 85.9
and 91.6 months, respectively, near where the curves cross.
Similar trends were seen when segregating samples by HRD
status according to individual assay results (Data Supple-
ment, Fig S7); although, the degree of separation of the
survival curves varied across assays.

A separate analysis explored the effects of the presence of
BRCA1/2 mutation in the HRD cluster on outcomes (Figs 5C
and 5D). When comparing OS for the subgroup with a
BRCA1/2 mutation with that for the WT BRCA1/2 subgroup in
the HRD cluster, the lines on the graph overlapped, sug-
gesting that HRD in the absence of BRCA1/2 mutations
identifies patients with similar OS after platinum-based
therapy as those with BRCA1/2 mutations. Interestingly,
the median OS for the HRD cluster with WT BRCA1/2 was not
reached, whereas the median OS for those with BRCA1/2
mutations was 72.6 months. Assessments were also made
for BRCA1/2 mutated versus WT, demonstrating a similar
association with outcome as seen for HRD; patients with
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FIG 3. Pairwise positive/negative agreement varied across assays. In both (A) the in silico analysis and (B) the clinical analysis, PPA is higher
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BRCA1/2 mutations had numerically (HR = 0.78), but not
statistically significantly, better outcome compared with WT
BRCA1/2 (Data Supplement, Fig S8). However, again, median
0S was not reached for those with WT BRCA1/2, whereas it
was 85.9 months for those with BRCA1/2 mutations.

DISCUSSION

Assessing variability in assay outputs provides foundational
information to support the development of assays that
provide optimal clinical performance for predicting treat-
ment response.’®'723 A volunteer group of HRD assay de-
velopers (n = 20) participated in two blinded assessments of
variability of HRD status calls across HGSOC data sets, in-
cluding an in silico analysis (n = 348) and a clinical analysis
(n = 90). PPA and NPA were similar within each data set, and
they were also similar between in silico and clinical data sets.
Positive agreement increased, whereas negative agreement
decreased, when patients with BRCA1/2 mutations were
analyzed. Various factors that may affect concordance were
considered. Although the sample size for the clinical analysis
(n =90) was not powered to reach definitive conclusions, the
analysis enabled the identification of trends and areas for
future investigation.

Several factors including clinical, sample, and assay char-
acteristics were evaluated to determine effects on assay

FRIENDS OF CANCER RESEARCH 2024 SCIENTIFIC REPORT

agreement. Alterations in BRCA1/2 drive HRD, and all assays
assessed alterations in BRCA1/2 when determining HRD,
aligning with stronger positive agreement on HRD status
where a mutation in BRCA1/2 was present. CCNE1 amplifi-
cation tends to be mutually exclusive from HRD, and there
was better negative agreement of HRD status in CCNE1-
amplified cases. Previous work demonstrates that tissue
sample quality and intratumoral heterogeneity may influ-
ence HRD assay agreement.>* Here, sample characteristics
such as tumor purity, DNA quality, and age of the block were
not observed to be associated with agreement; however,
sample selection limited analysis to high-quality samples.
Agreement in a real-world setting with lower purity and DNA
quality is beyond the scope of this project.?5:2¢

Differences in how HRD assays determine HRD status may
influence concordance. Variable combinatorial inclusion of
gLOH, TAI, and LST made it challenging to identify any
single factor explaining differences in assay agreement.
However, patients in the HRD cluster with WT BRCA1/2 were
determined to not have HRD by assays that only assessed
mutations in HRR genes. The assays assessed a median of 22
genes; however, recent research shows that few genes be-
yond BRCA1/2 strongly associate with an HRD phenotype.>72*
In this study, patients with WT BRCA1/2 who were in the HRD
cluster were primarily identified by consequences and had
similar outcomes to those with BRCA1/2 mutations,
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by each individual assay and is intentionally not included to prevent unblinding. ACS, average concordance score; HRD, homologous re-

combination deficiency.

suggesting that patients identified to have HRD by conse-
quences may have better clinical outcomes compared with
those without HRD, but further studies are needed to con-
firm trends. Additionally, previous work demonstrated in-
consistency in HRD assay cutoff thresholds for defining
HRD,? and the assays herein had lower concordance near
cutoffs.

The current clinical use of HRD assays is to identify patients
who would benefit from PARPi treatment. Most patients in
the analysis did not receive PARPi (n = 75, 83%), and
treatment was not randomized, so the predictive value of the
assays for PARPi benefit could not be evaluated. The hazard
ratio (HR = 0.67) suggested the HRD cluster numerically
trended toward more favorable OS, consistent with other
studies,?® but the difference was not statistically significant.
The high percentage of platinum responders in this study
aligns with a high PPV in the platinum sensitivity analyses,
yet this favorable scenario might have made further re-
finement of prognosis by HRD more challenging.

The analyses did not compare to a gold standard because
there is not an agreed on gold standard for the biological
concept of HRD. The ideal gold standard to improve con-
cordance should consider biological characterization as HRD
since specific therapeutic options may change with time, but
the assays will likely continue to be used to measure HRD
status. However, for clinical decision making, a fit-for-
purpose assay should reliably, reproducibly, and accurately
address the assay’s intended clinical use.

The results reported herein quantify concordance among
assays, but the multistakeholder working group did not
reach consensus on how to define the quality of concordance,
which highlights the need to define the level of acceptable
disagreement between assays. From a clinical perspective, it
is critical that patients and providers have consistent results
when making treatment decisions and concordance closer to
100% would be ideal. However, assays are not perfect, and
even interlaboratory differences in results when running
the same assay occur.>® Pfarr et al assessed >100 samples in
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FIG 5. Survival analysis of patients in the HRD cluster (red) compared with the not HRD cluster (blue), as well as comparing patients
within the HRD cluster who had WT BRCA1/2 (BRCA WT) versus those with mutated BRCA1/2 (BRCA Mut). RFS and OS were estimated
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date of death due to any cause or censored if alive at last follow up. HR, hazard ratio; HRD, homologous recombination deficiency; NA,
not applicable; OS, overall survival; RFS, recurrence-free survival; WT, wild type.
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seven pairs of laboratories using the same assays; Pearson
correlations between paired continuous HRD scores using
the same assay in different laboratories exhibited a range of
0.62-0.98.3° Other comparisons have seen greater agree-
ment when considering fewer laboratories.>*"3> It would be
expected that concordance decreases further with more
assays. Importantly, there could be discordance between
assays, yet the assays might similarly identify patients who
benefit from treatment (eg, PARPis).

When establishing approaches for improved alignment, it is
important to consider that HRD testing continues to ad-
vance. Novel techniques like incorporating Al or circulating
tumor DNA are being employed for assay development.
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Recent successes of HER2 antibody-drug conjugates (ADCs) have expanded patient
eligibility for HER2-targeted therapy; therefore, accurate and consistent identification of
patients who may benefit from ADCs is more critical than ever. Previous studies of
agreement between pathologists highlight areas of discordance, but little is known about
the reproducibility of assessments by emerging artificial intelligence (AI) models,
particularly at low levels of HER2 expression. These models have the potential to deliver
more quantitative and reproducible HER2 assessments than visual scoring by pathologists,
but large-scale comparative evaluations to understand their variability are lacking.

Friends of Cancer Research created a research partnership to describe and evaluate the
agreement of HER2 biomarker assessment across independently developed Al models. Both
H&E and HER2 IHC whole-slide images (WSIs, N=1,124) from 733 patients diagnosed with
breast cancer in 2021 were obtained from a single laboratory (ZAS Hospital, Antwerp,
Belgium). Available pathology and specimen data include three pathologists’ HER2 readings
and details on slide processing and digitization. Ten Al models assessed HER2 status on all
cases. Blinded, independent analyses were performed by statisticians from the National
Cancer Institute.

Of the 10 Al models, seven used HER2 IHC WSIs, two used H&E WSIs, and one used both
stains as inputs to determine HER2 score and/or status. The primary analysis focused on
the seven models (6 using IHC, 1 using IHC and H&E) providing HER2 scores based on the
ASCO/CAP 2018 categories (0, 1+, 2+, 3+). Absent a defined reference standard, agreement
was evaluated for all possible pairings of models across all samples, resulting in a median
(interquartile range, IQR) pairwise overall percent agreement (OPA) of 65.1% (60.3-69.1%)
and unweighted Cohen’s kappa of 0.51 (0.45-0.55). When defining binary HER2 scores as 3+
vs. not 3+, the median (IQR) pairwise agreement measures were: OPA 97.3% (95.9-97.9%),
average positive agreement (APA) 87.3% (84.1-90.9%), average negative agreement (ANA)
98.5% (97.7-98.8%), and kappa 0.86 (0.82-0.90). Conversely, when defining HER2 scores as
0 vs. not 0, the median (IQR) pairwise measures were: OPA 85.6% (82.4-88.0%), APA91.3%
(87.4-92.6%), ANA 65.2% (59.9-69.7%), and kappa 0.57 (0.51-0.61). Ongoing analyses aim
to assess the association of between-model agreement with patient, specimen, and model
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characteristics as well as the agreement between models and pathologist readings.

These findings highlight variability in HER2 biomarker scoring across models, with the least
variability and a higher level of agreement in reporting 3+ cases and larger inter-model
variations in evaluating HER2 low tumors, similar to agreement measures between
pathologists observed in published studies. Further work is needed to understand the
variability in ascribing lower HER2 scores and to evaluate performance in the context of
clinical application, especially given the evolving treatment landscape and clinical
implications of HER2 scores. This ongoing research partnership will enable a greater
understanding of the variability in Al models and support best practices for using these
models for measuring and reporting Al driven biomarker assessments in drug development
and clinical practice. This dataset also has potential value for creating reference sets for
future model development.
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