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Introduction
In our 25th year, Friends of Cancer Research (Friends) continues to serve as a catalyst for
generating innovative science, policy, and regulatory proposals to facilitate meaningful
improvements in oncology drug development, legislative and regulatory policy, and patient care.
Friends unites scientists, experts, advocates, and patients throughout the year to generate
collaborative solutions developed through working groups, roundtables, and scientific conferences.
Several recently launched research partnerships enable Friends to lead change by supporting
the development of evidence-based solutions to current challenges. These research partnerships
include projects that identify clinically useful endpoints in real-world data (RWE Pilot), investigate
the use of circulating tumor DNA (ctDNA) as an endpoint to measure treatment response
(ctMoniTR project), and harmonize complex biomarkers to optimize test reliability and accuracy
(HRD Harmonization). This year also saw the completion of the TMB Harmonization Project,
highlighted below in the Project Spotlight. Outputs from these research partnerships, in addition
to our working groups, roundtables, and scientific conferences, are captured in this scientific report.
The 2021 Scientific Report contains the full text of our 2021 white papers and publications to
serve as a resource for those in the drug development and regulatory space and can be found
online using the QR code on the front cover.

2021 Key Themes
1 PATIENT-FOCUSED DRUG DEVELOPMENT : Maximizing participation and
representativeness in clinical trials
2 REAL-WORLD EVIDENCE : Characterizing endpoints for real world data capture and
supporting rapid learning
3 INNOVATIVE DRUG DEVELOPMENT: Modernizing clinical trials and regulatory review
4 COMPLEX BIOMARKERS : Harmonizing use to support implementation
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Patient-Focused Drug Development:
Maximizing participation and
representativeness
Clinical trial eligibility criteria are carefully designed to establish
an appropriate patient population that matches the intended
use population of the new therapy. Overly restrictive criteria
may unnecessarily exclude patients from participating in clinical
trials leading to slower trial enrollment, barriers to promoting
equity in research, and a potentially limited generalizability of
trial results.
In 2017, Friends partnered with the American Society of
Clinical Oncology (ASCO) to develop recommendations for
broadening eligibility criteria frequently used in cancer clinical
trials. These guidelines were implemented by the National
Cancer Institute (NCI) to modernize the Cancer Therapy
Evaluation Program (CTEP) protocol and were used to inform
FDA guidance eligibility criteria for cancer clinical trials. Building
on this momentum, in 2021 Friends and ASCO reconvened to
evaluate the impact of the 2017 guidelines, identify additional
opportunities for modernization, and develop recommendations
for broadening other commonly restrictive eligibility criteria.
In a proof of principle study, implementing guidelines for
broadened eligibility criteria relating to brain metastases, organ
function, primary/concurrent malignancies, HIV status, and
age demonstrated the potential to double the number of
advanced non-small cell lung cancer patients eligible to
participate in clinical trials.
• Several eligibility criteria commonly used in cancer clinical
trials unnecessarily restrict patients from participating in
research, and broadening these criteria provides access to
more patients

Broadening
common
eligibility
criteria has
potential
to double
the number
of eligible
lung cancer
patients for
participation
in clinical
trials

-21%
17
patients
are unable to
enroll in trials
due to restrictive
eligibility criteria

SOURCE: CLIN CANCER RES. 2021;27(9):2394-2399
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Real-World Evidence: Characterizing
endpoints for real world data capture and
supporting rapid learning
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released
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142
regulatory
submissions
contained
RWD in
2011-2020

Clinical trials are often composed of homogenous patient populations
that are not always reflective of the broader patient population
eligible to receive the drug. Real-world data (RWD), which is data
relating to patient health status and/or the delivery of health care
routinely collected from a variety of sources, can be used to generate
real-world evidence (RWE) to help evaluate the effectiveness of
therapies in broader patient populations. FDA released four guidance
documents in 2021 related to the use of RWD and RWE in regulatory
decision-making, however, alignment in how this information is
collected and analyzed is needed to fully realize its potential.
To aid alignment on the use of RWD, Friends established multi-stakeholder partnerships to determine how RWD can be leveraged to
support drug development. Our recent publications demonstrate the
ability to align on measures of real-world endpoints to capture critical
information on patient outcomes from RWD sources. Work from our
RWE Pilot 2.0 highlights alignment on a methodological framework
for rw-endpoints allowing for the evaluation of treatment outcomes
in patients with advanced non-small cell lung cancer. Friends was
able to quickly apply this knowledge as part of a multi-stakeholder
collaboration to assess the effectiveness of certain treatments for
COVID-19 patients in the real-world setting. These findings will
advance future use of RWD to generate meaningful evidence and
inform future policy decisions.
• Use of a common methodological framework among data
partners allows for generation of high-quality RWE to support
robust assessment of patient outcomes
• Diverse RWD sets can be harmonized to achieve harmonized
measures of rw-endpoints that correlate with endpoints
commonly used in clinical trials

SOURCE: BLOOD. 2021;138(SUPPLEMENT 1):5037
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Representativeness
of clinical trials
supporting oncology
approvals in 2020 –
50% of all
participants were
women, 73% were
White, 5% were Black
or African American,
14% were Asian,
6% were Hispanic,
44% were 65 years
and older, and
41% were
from sites in the
United States

SOURCE: FDA. 2020 DRUG TRIALS SNAPSHOTS: SUMMARY REPORT

Innovative Drug Development: Modernizing clinical trials
and regulatory review
The landscape of oncology therapies continues to evolve with emerging targets and novel
technologies. While these innovations help to improve patient outcomes, they can be coupled
with increased complexity in drug development and potential novel toxicities. In 2021, Friends
hosted several roundtable discussions with key stakeholders to develop consensus
recommendations that address some of these emerging challenges.
In the US, FDA reviews drug applications to determine if the benefits of the therapy for a specific
indication outweigh the risks. Once reviewed and approved, the drug can be made available to the
public. Drug development is a time-consuming process, but expedited programs like Breakthrough
Therapy Designation (BTD) can help get promising treatments to patients faster. An analysis by
Friends demonstrated that BTD has shortened the time to approval for new oncology products by
a median of 2.8 years compared to those approved without a BTD since its inception in 2012. An
understanding of the value of this pathway and how it can be improved supports continued
benefit to patients.
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approval

SOURCE: FRIENDS OF CANCER RESEARCH
DRUG DEVELOPMENT DASHBOARD
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In addition to supporting pathways that allow for innovative
drugs to be approved more quickly, in 2021 Friends supported
work that helps modernize clinical trials. Novel therapies may
be accompanied by toxicities that are not well characterized.
Cytokine release syndrome (CRS), which is an emerging
toxicity associated with CAR-T therapies, was used as a
case study to support efforts to align definitions and data
capture to support management strategies and clinical
guideline development. Another opportunity with new
drug development is optimizing drug dosing to minimize or
prevent unnecessary side effects. Historically, the Maximum
Tolerated Dose (MTD), or the highest dose that has tolerable
side effects, has been considered the optimal dose. With the
advent of targeted therapy, a lower dose may be optimal for
patients and may have fewer side effects.
• Clarifying the data necessary to receive BTD and increasing
coordination within and between various departments at
FDA and the sponsor’s organization may facilitate more
optimal use of the pathway
• To support the evolving understanding and more effective
evidence-based risk monitoring and patient care, there should
be consistency in evaluating and reporting novel toxicities,
such as CRS
• Opportunities and strategies for improving dose-finding
studies in oncology will improve patient outcomes

expedited
pathways

3.9

years
sooner

traditional
10.1 years to
approval

expedited
6.2 years to
approval

Complex Biomarkers: Harmonizing use to support implementation
Increasingly in oncology, diagnostic tests are used to improve patient care. Many innovative
therapies focus on specific targets, which often require the use of a diagnostic test to identify
the appropriate patient population who may benefit from use. Other diagnostic tests are used to
track patient response to treatment and treatment outcomes. However, diagnostic tests often use
different technologies, definitions, and methodological approaches for measuring biomarkers,
which can lead to inconsistent results and negatively impact patient care.
Friends works to ensure diagnostic tests are harmonized for effective implementation and optimal
use in drug development and clinical care. In 2021, Friends published the results of the final phase
of the Tumor Mutational Burden (TMB) Harmonization Project (see project spotlight, pg. 10),
calling attention to the variability across assays measuring TMB and identifying solutions for
harmonization, including the development of a calibration tool to help optimize development of
TMB assays. In 2021, Friends also convened a working group to discuss strategies to support
current and future use of circulating tumor DNA (ctDNA) as a drug development tool for regulatory
decision making in early stage cancer.
• Harmonization of biomarkers is critical for drug development and regulatory decision-making to
support improved patient care

Number of Clinical Trials that Included ctDNA Evaluation

30
2
2012

37

11
2015

2018

2021

Year Registered to ClinicalTrials.gov
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Project Spotlight: Friends TMB Harmonization Project
The TMB Harmonization Project is a collaborative effort that establishes an approach for harmonizing
diagnostic tests to provide consistent identification of patients who are likely to respond to certain therapies.
Background
Tumors with a high number of mutations are more sensitive to immunotherapy (IO): the higher the number
of tumor mutations, the better the patient’s outcome. Therefore, measuring the tumor mutational burden
(TMB) helps to identify which patients may benefit from treatment with IO. However, different methods and
technologies are used to determine TMB, which can result in variability TMB measurements and reporting. To
optimize the use of TMB assays and ensure patients and providers receive accurate and reliable information
to make appropriate treatment decisions, identifying sources of discordance and developing best practices to
support assay alignment is critical.
Approach
Friends initiated a unique collaboration with key stakeholders including pharmaceutical companies,
diagnostics developers, FDA, and academics in September 2017 to discuss variability in how TMB is defined,
analyzed, and used in clinical practice, and the need for establishing industry standards. Over the next six
months, Friends hosted discussions with project participants to develop consensus on a methodological
approach to compare TMB assays, to develop a calibration tool to promote reproducibility and comparability
across assays, and to provide recommendations for a clinical cutoff to support evaluation of TMB for clinical
trial enrollment using a common strategy. Throughout the duration of the project, the group presented
findings through public workshops, conferences, and manuscripts.
Findings
Diagnostic developers used data from The Cancer Genome Atlas (TCGA), matched normal-tumor cell lines,
and tumor samples to calculate TMB in each sample using their own analysis pipeline. An agreed upon
method for estimating TMB was established as the “gold-standard”, which enabled comparisons across
assays and to the gold standard. The analysis showed that as TMB values increased, so did variability
between TMB assays. The group developed a publicly available calibration tool that can assist with assay
development, reduce variability, and facilitate interpreting data from across different studies. Additionally,
the group agreed on a lower bound cutoff of 10 mutations/megabase should be considered when evaluating
TMB for clinical trial enrollment in a pan-tumor indication.
Next Steps
The findings from the TMB Harmonization Project demonstrate the power of a multi-stakeholder project
to support assay harmonization. As more complex biomarkers become more routine in oncology care, the
non-systematic approach to biomarker development can lead to challenges for regulators, payors, patients,
and physicians. This work set the foundation for an ongoing Friends’ project, the Homologous Recombination
Deficiency (HRD) Harmonization Project and provides a foundation to support efforts to modernize
diagnostic regulations at the FDA.
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TMB Development and Milestones Timeline

DECEMBER 2014 – First clinical report
of TMB effect on response to IO
(melanoma) in the literature

2014

APRIL 2015 – Clinical report on TMB
effect on response to IO in NSCLC

2015

2016

KEY
Clinical Use of TMB
TMB Harmonization Project

MAY 2016 – Clinical report on TMB effect
on response to IO in bladder cancer

APRIL 2017 – Chalmers report of
100,000 genomes characterizing
TMB across tumor types
2017
SEPTEMBER 2017 – Friends Hosts
Expert Workshop on TMB

NOVEMBER 2017 – FDA approval of two gene
panels to detect genetic cancer mutations
(MSK IMPACT and FoundationOne CDx)

FEBRUARY 2018 – Clinical report on TMB
effects on response to IO in solid tumors
MAY 2018 – Friends TMB Harmonization
Project Kickoff

2018
NOVEMBER 2018 – Initial In Silico
Data Presented at SITC

JANUARY 2019 – Overview of TMB
Harmonization Effort Published

2019

JUNE 2019 – Initial Cell Line Data
Presented at ASCO

DECEMBER 2019 – Proposal of a
Common Development Strategy
for Tissue Agnostic Clinical Trials

FEBRUARY 2020 – TMB Harmonization
in Silico Data Published in Journal
for ImmunoTherapy of Cancer

JULY 2020 - Public Meeting Reporting
Findings from the Project
(Day 1 Overview, Day 2 Overview)

SEPTEMBER 2017 – First reports on TMB
assay validation in NSCLC

APRIL 2020 – Initial Clinical Sample
Data Presented at AACR

2020

JUNE 2020 – First FDA Approval of an IO
based on TMB, 4th approval based on the
presence of a biomarker rather than the
primary site of origin

JULY 2020 – TMB Harmonization Project
highlighted in NCI release about
TMB based FDA approval
2021

SEPTEMBER 2021 – Cell Line and
Clinical Sample Data Published in
Annals of Oncology
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Continuing to Broaden Eligibility Criteria to Make Clinical
Trials More Representative and Inclusive: ASCO–Friends
of Cancer Research Joint Research Statement
Edward S. Kim1, Thomas S. Uldrick2, Caroline Schenkel3, Suanna S. Bruinooge3, R. Donald Harvey4,
Allison Magnuson5, Alexander Spira6, James L. Wade7, Mark D. Stewart8, Diana Merino Vega8,
Julia A. Beaver9, Andrea M. Denicoff10, Gwynn Ison9, S. Percy Ivy10, Suzanne George11, Raymond P. Perez12,
Patricia A. Spears13, William D. Tap14, and Richard L. Schilsky3

ABSTRACT
◥

Purpose: Restrictive clinical trial eligibility criteria (EC) limit the
number of patients who can enroll and potentially beneﬁt from
protocol-driven, investigational treatment plans and reduce the
generalizability of trial results to the broader population. Following
publication of expert stakeholder recommendations for broadening
EC in 2017, the American Society of Clinical Oncology (ASCO) and
Friends of Cancer Research (Friends) convened working groups to
produce additional recommendations and analyze the potential
impact on clinical trials using real-world data.
Experimental Design: Multistakeholder working groups were
appointed by an ASCO-Friends leadership group to propose recommendations for more inclusive EC related to: washout periods,
concomitant medications, prior therapies, laboratory reference
ranges and test intervals, and performance status.

Introduction
Accelerating advances in cancer treatment requires efﬁcient clinical
trials that produce clinically meaningful outcomes and generalizable
knowledge. Clinical trials are not possible without patients, whose
eligibility to participate is determined by inclusion and exclusion
criteria. Trial eligibility criteria (EC) are designed to protect participant
safety and deﬁne an appropriate study population. Following approval,
patient safety may be compromised if a trial generates insufﬁcient
evidence to inform care for speciﬁc patient groups, for example, those
underrepresented among trial participants. Furthermore, restrictive
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Results: The four working groups, ASCO Board of Directors, and
Friends leadership support the recommendations included in this
statement to modernize EC related to washout periods, concomitant
medications, prior therapies, laboratory references ranges and test
intervals, and performance status to make trial populations more
inclusive and representative of cancer patient populations.
Conclusions: Implementation of the recommendations is
intended to result in greater ease of determining patient eligibility.
Increased opportunities for patient participation in research will
help address longstanding underrepresentation of certain groups in
clinical trials and produce evidence that is more informative for a
broader patient population. More patients eligible will also likely
speed clinical trial accrual.
See related commentary by Giantonio, p. 2369

EC limit clinical treatment options for patients who weigh the potential
risks, beneﬁts, and alternatives of a protocol-driven investigational
treatment plan and opt to participate in studies.
Exclusion of certain patient populations or disease characteristics is
common in oncology clinical trials and is often not founded on current
evidence-based scientiﬁc justiﬁcation. This leads to underrepresentation of older adults (1), racial/ethnic (2–4) and sexual/gender
minorities (5–7), and patients with well-managed comorbidities (8).
An estimated 17%–21% of patients are not able to enroll on clinical
trials due to restrictive EC, among other reasons (9, 10). In the era of
biomarker-driven therapies where the pool of potential study participants may be very low due to low biomarker prevalence, the negative
impact of excessively restrictive EC is magniﬁed (11).
The desire to mitigate safety concerns and ensure trial integrity is
paramount, but EC are often replicated from earlier trials and may date
back to concerns about cytotoxic chemotherapy. A 2017 review by the
FDA concluded that clinical trial EC can be expanded without
compromising patient safety (12). To ensure that only criteria relevant
to safety concerns about the speciﬁc agent are included and extraneous
EC are excluded, scientiﬁc rationale should be included to justify any
exclusion criteria.

ASCO-Friends Eligibility Criteria
Initiative
Eliminating overly restrictive EC is a priority for the American
Society of Clinical Oncology (ASCO) and Friends of Cancer Research
(Friends), as well as many other patient groups (such as the American
Cancer Society Cancer Action Network), researchers, sponsors, regulators, and the National Academy of Medicine (9, 13–18). Enacting

Reprinted from Kim ES, 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 May 1;27(9):2394-2399. doi: 10.1158/1078-0432.CCR20-3852. Epub 2021 Feb 9. PMID: 33563632 with permission from AACR.
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Translational Relevance
Cancer clinical trials are critical for developing safety and
efﬁcacy evidence to advance cancer care. Narrow clinical trial
eligibility criteria can compromise the relevance of results to the
broader population of patients with the disease. Studies should
employ the principles of distributive justice to help ensure appropriate inclusion of underrepresented groups in research, where
safety permits. Equitable access to research will also help ensure
external validity of results. ASCO and Friends of Cancer Research
worked with stakeholders throughout the cancer research community to develop evidence-based, consensus recommendations
that are focused on expanding eligibility criteria to make trial
populations more reﬂective of the general cancer population.
Implementation of the recommendations is intended to result in
greater efﬁciency of trial conduct and quicker clinical trial accrual,
and will provide increased opportunities for patient participation
and more informative evidence to guide appropriate uses of new
therapies.

changes will optimize trial enrollment and ensure that beneﬁts to
patients and the broader scientiﬁc community are maximized. In
addition, broadening EC is desirable to improve accrual and prevent
trial delays and failures, which are a signiﬁcant strain on human and
ﬁnancial resources during development of new therapies (19–21).
Through this work, ASCO and Friends propose a new cancer clinical
trial paradigm, in which:
(i) Patients are eligible for a trial by default and excluded only when
there is scientiﬁc rationale and/or evidence demonstrating that
enrollment would compromise the patient’s safety.
(ii) In all cases, protocol development begins with informed consent
as the only eligibility criteria. Any inclusion/exclusion criteria
are tailored to the scientiﬁc objectives of the study, based on the
investigational treatment and study population, and address
only substantiated participant risks.
(iii) Trial participants more closely resemble the population intended
to receive the therapy and no group is excluded without scientiﬁc
justiﬁcation based on current evidence.
ASCO, Friends, and FDA ﬁrst formed a collaboration to address
overly restrictive cancer clinical trial EC in 2016, which led to
publication of recommendations for more inclusive EC for brain
metastases, minimum age for enrollment, human immunodeﬁciency
virus (HIV) status, organ dysfunction, and prior or concurrent
malignancies (13–17).
In 2019, project leadership consulted with stakeholder experts,
including ASCO’s Cancer Research and Health Equity Committees,
to select additional categories of common EC that pose signiﬁcant
barriers to clinical trial enrollment. These topics were selected with an
eye for how many patients they impact and how they affect special
populations, as well as their potential impact on evaluation of safety
and efﬁcacy if relaxed.
Representatives from academic and community research sites,
regulatory agencies (FDA and NCI), patient advocacy groups, NCI
Network Groups, and the pharma-biotech industry were invited to
join the project work groups. The work groups ﬁnalized their consensus recommendations after convening with additional patient and
industry representatives to discuss their draft recommendations.

ASCO and Friends herein recommend broadening approaches to
clinical trial enrollment related to the following ﬁve EC:
(i)
(ii)
(iii)
(iv)
(v)

Washout periods
Concomitant medications
Prior therapies
Laboratory reference ranges and test intervals
Performance status (PS)

ASCO-Friends Recommendations
This statement provides a high-level summary of additional ASCOFriends recommendations for more inclusive clinical trial EC (Table 1).
Detailed discussion of each recommendation and supporting rationale
is presented in separate manuscripts.
There are three common themes across these recommendations.
First, clinical trial designers should launch every trial with a goal of
inclusion and should add exclusions only where safety concerns
warrant exclusion of patients with certain characteristics. Protocols
should be living documents; that is, over the course of new agent
development from ﬁrst-in-human through phase III studies, EC
should be examined critically and revised to allow for the enrollment
of patients who may have previously been excluded because of safety
concerns, but for whom new information provides sufﬁcient evidence
to support their inclusion.
Second, inclusion of all populations who are anticipated to beneﬁt
from the therapy based on the mechanism of action early in clinical
development is both equitable and necessary. This will ensure that
patients who may ultimately beneﬁt from the treatment being studied
are not excluded because of lack of safety data for that population. If
representative populations are not included, dose, tolerance, risk of
adverse events, and therapeutic beneﬁt remain unknown. The inclusion of exploratory cohorts with broader eligibility in early-phase trials
will help to inform and enable revisions to the protocol EC based on
these earlier risk-beneﬁt analyses. These exploratory cohorts should
help sponsors strike a balance between more rapid patient accrual with
broader criteria, time associated with enacting protocol amendments
later in development, and number of postmarketing requirements and
commitments to expedite trial completion and submission of more
complete study ﬁndings to regulatory agencies, ultimately leading to
broader knowledge in clinical use. At minimum, participants in trials
leading to marketing authorization should be inclusive of the patients
in the intended use population.
Finally, study design should consider both internal and external
validation. In phase I studies, safety is paramount and EC are based on
existing knowledge. More stringent EC may also be appropriate in
early-phase studies conducted to establish principles of management
or to explore a biological question. Including an exploratory cohort in
early-phase trials through broadened EC will provide safety information to expand participation in the next phase of study. Registration
trials can include participants that resemble the entire population of
patients who may use the therapy after approval more closely, that is,
improving external validity. Including broader populations also helps
fulﬁll the principle of distributive justice, ensuring appropriate representation of groups who are underrepresented in research, where
safety permits.
Washout periods
A washout period is a time between most recent treatment and trial
enrollment that is intended to prevent confounding the interpretation of
the effect of a new treatment by a persistent effect of an immediately prior
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Table 1. Summary of Work Group Recommendations.
Eligibility criteria category

Recommendation

Washout periods

1.

Concomitant medications
Prior therapies

Laboratory reference ranges and
test intervals

Performance status

Time-based washout periods should be removed from protocol eligibility criteria in most cases. Any inclusion of timebased washout periods should be scientiﬁcally justiﬁed and clearly speciﬁed.
2. Relevant clinical and laboratory parameters should be used in place of time-based washout periods to address safety
considerations.
3. Potential trial participants should have recovered from clinically signiﬁcant adverse events of their most recent
therapy/intervention prior to enrollment.
1. Concomitant medications use should only exclude patients from trial participation when clinically relevant known or
predicted drug–drug interactions or potential overlapping toxicities will impact safety or efﬁcacy.
1. Patients are eligible for clinical trials regardless of the number or type of prior therapies and without a requirement to
have received a speciﬁc therapy prior to enrollment unless a scientiﬁc or clinically based rationale is provided as
justiﬁcation.
2. Prior therapy (either limits on the number and type of prior therapies or requirements for speciﬁc therapies before
enrollment) could be used to determine eligibility in the following cases:
a. If the agents being studied target a speciﬁc mechanism or pathway that could potentially interact with a prior
therapy.
b. If the study design requires that all patients begin protocol-speciﬁed treatment at the same point in the disease
trajectory.
c. In randomized clinical studies, if the therapy in the control arm is not appropriate for the patient due to previous
therapies received.
3. Trial designers should consider conducting evaluation separately from the primary endpoint analysis for participants
who have received prior therapies.
1. Laboratory test results should only be used as exclusion criteria when scientiﬁcally justiﬁed and when abnormal test
results confer safety concerns.
2. Laboratory reference values should account for potential normal variations due to race, ethnicity, age, sex, and gender
identity (i.e., due to surgical and/or hormonal changes).
3. Routine reassessment of laboratory test-based exclusion criteria should be conducted during the course of clinical
research and drug development as investigational agents progress from earlier- to later-phase clinical trials.
4. Increasing the intervals between protocol-speciﬁed tests should be considered to help reduce patient burden and
increase ability to rely on routine clinical testing, especially in later cycles of treatment and over the evolution of the
protocol from earlier- to later-phase clinical trials.
1. Patients with reduced PS (e.g., ECOG PS 2) should be included unless there is a scientiﬁc and/or clinical rationale for
exclusion justiﬁed by established safety considerations.
a. ECOG PS eligibility criteria should be based on the patient population in which the intervention is expected to be
used in clinical practice.
b. PS eligibility criteria should be continually reevaluated and modiﬁed throughout the clinical development process
to reﬂect accumulated safety data of the investigational treatment. Decisions about PS eligibility criteria should be
based on early clinical safety and efﬁcacy data about the speciﬁc investigational agent or based on known data
from other drugs in the same class with similar mechanism of action. Later-phase trials (e.g., phase II/III) should
generally mirror the intended use population and ECOG PS 2 patients should be included, unless safety concerns
have manifested in earlier-phase trials. The rationale for exclusion should be justiﬁed and stated explicitly.
c. Incorporating the rationale for inclusion of a broader population into the protocol could help encourage
investigators to enroll these patients.
d. Performance status data should still be collected for use as a stratiﬁcation factor, regardless of how it is
incorporated into eligibility criteria.
2. Consider alternate trial designs, such as prespeciﬁed cohorts with lower PS that are exempt from the primary analysis,
to encourage inclusion of these patients. These cohorts would generally be small in size and exploratory in nature and
could be enrolled in an incremental way to enable an early stopping rule based upon safety data. Consideration of the
data analysis approach for the broader eligibility cohort and subgroup analysis should be determined during the study
design phase. Early discussion with FDA about enrollment of a broader population may have implications for marketing
and post-marketing research requirements.
3. Additional assessments of functional status should be considered to better characterize the functional status of ECOG
PS 2 patients and patients ages ≥65, such as activities of daily living (ADLs) and instrumental ADLs.

treatment. Washout/waiting time periods prior to enrollment are
common for all modalities of cancer treatment. In many cases,
washout periods are associated with theoretical concerns (e.g.,
prevention of untoward adverse events, drug interactions, and
incorrect adverse event attribution) that lack scientiﬁc rationale
and/or are clinically irrelevant.
Concomitant medications
On average, patients with cancer take ﬁve chronic noncancer
medications, in addition to drugs that manage adverse effects of
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their cancer treatment (22). Exclusion of concomitant medications
during trials is intended to prevent adverse drug interactions that
may affect pharmacokinetic assessment or patient safety, reduce the
risk of drug-related adverse events, and, rarely, prevent the use of
drugs that are known or predicted to antagonize the anticancer
efﬁcacy of investigational therapies. While some medications may
be necessarily prohibited early in the development of an investigational agent while knowledge is gained, persistent prohibition
reduces the applicability of a therapy to a broader population of
patients both in trials and following approval.

Prior therapies
Many cancer trial protocols disallow patients based upon receipt of
previous cancer-directed therapies. This may take the form of blanket
EC (e.g., any history of prior therapy excluded) or conditional criteria
(e.g., speciﬁc treatments or a speciﬁed number or type of prior
treatment lines excluded). In other situations, particularly earlier in
drug development, clinical trials commonly exclude patients if they
have not received a speciﬁc therapy prior to enrollment. Improved
molecularly driven therapies and immunotherapies may alter the
risk-beneﬁt consideration of study participation in relation to treatment with standard therapies with low efﬁcacy or high toxicity, and in
some cases participation in a clinical trial without a requisite receipt of
prior standard-of-care therapy may be warranted with appropriate
informed consent. As with any other EC, clinical trial designers and
sponsors should rigorously justify any restrictions based on prior
therapies.
Laboratory reference ranges and test intervals
Laboratory tests that predict and assess toxicity are critical for
determining whether a patient can safely enroll on a clinical trial.
However, some laboratory reference ranges and test intervals that are
included as trial EC are arbitrary, with minimal justiﬁcation for their
use, particularly for investigations of targeted therapies and immunotherapies that may have more favorable or unique toxicity proﬁles.
Reference ranges or intervals that lack scientiﬁc rationale and/or differ
from routine clinical care often result in biased clinical trial outcomes
(as healthier, more homogeneous trial participants may not represent
the patients actually treated with a drug once it is approved) and may
hinder clinical trial accrual. In addition, nonroutine testing, requirements for central testing, and/or strict adherence to time intervals
often increase trial expenses for participants, sponsors, and research
sites, and may increase risks associated with certain tests and biopsies (23). Because each clinical trial has distinct therapies with differing
toxicity and pharmacokinetic considerations, it is not feasible to
provide speciﬁc laboratory test value thresholds for broad applicability.
Nevertheless, incorporation of principles in Table 2 may help ensure
safety, while minimizing unnecessary participant exclusions.
PS
PS is one of the most common EC utilized in oncology, with
many trials limited to patients with good PS [i.e., Eastern Cooperative Oncology Group (ECOG) PS 0 or 1; ref. 13]. This practice
restricts therapeutic options for a signiﬁcant proportion of
patients (12), contributes to the pervasive age disparity observed
in oncology clinical trials (24), and limits the generalizability of
research results in clinical practice. PS as an eligibility criterion
should be reconsidered to be more inclusive while maintaining
patient safety and study integrity.

Discussion
ASCO and Friends are engaged in additional activities to maximize
the likelihood that these recommendations are implemented and
representative participant populations are accrued to trials.
Our strategies involve four primary elements:
(i) Dissemination—Stakeholders are aware of the EC recommendations and endorse the new cancer clinical trial paradigm
outlined above.
(ii) Implementation—More inclusive EC are incorporated into cancer clinical trial protocols.

(iii) Equity—Investigators discuss clinical trial participation with
all patients who would qualify and seek to enroll all eligible
participants.
(iv) Evaluation—Clinical trial sponsors and investigators monitor
the impact of implementing the recommendations, continuously
assess accrual during clinical trial conduct to address any
challenges that may delay efﬁcient enrollment and completion,
and identify additional opportunities to broaden EC to ensure
that cancer clinical trial populations mirror the entire population
who will be prescribed the treatment.
In efforts to broaden EC, ASCO and Friends gathered feedback,
reviewed evidence, and conducted analysis of the most common and
restrictive criteria. An analysis of 21 Southwest Oncology Group
studies showed that 60% of EC are related to comorbidities (including
prior treatment exclusions, prior malignancy exclusions, PS, organ
function status, HIV status, and brain metastases, among other
criteria; ref. 25). Recommendations in this statement and the previous
ASCO-Friends statement address all of these EC (13).
Research suggests that adoption of the 2017 ASCO-Friends recommendations could lead to more inclusive protocols. Data presented at
the 2019 ASCO annual meeting demonstrated in a cohort of 10,500
patients with advanced non–small cell lung cancer that implementation of ASCO-Friends recommendations could avoid exclusion of
nearly half the cohort due to broadened inclusion criteria for brain
metastases, prior/concurrent malignancies, and/or reduced kidney
function (26).
Publication of these recommendations and analysis of their potential impact will accomplish little if protocols are not updated and
investigators do not enroll representative participant populations.
Support from trial sponsors, physician investigators, institutional
review boards, contract research organizations, and research staff is
essential to ensuring that broadened EC are applied appropriately.
Eligibility for clinical trials should be recognized as a distributive
justice issue for individual patients and for vulnerable populations (27).
To the fullest extent possible, FDA, NCI, NIH, and other regulatory
bodies, and sponsors should leverage the incentives for broader
enrollment that they can offer.
ASCO and Friends have partnered with various stakeholders to
disseminate and encourage implementation, including working closely with FDA, NCI, and NCI Network Groups. FDA ﬁnalized four
guidance documents in July 2020 to encourage sponsors to apply the
2017 ASCO-Friends recommendations (28–31). NCI revised its protocol template to incorporate the recommendations, including implementation in active protocols and future NCI-funded trials (32).
The general EC in ASCO’s TAPUR (Targeted Agent and Proﬁling
Utilization Registry) study mirrors ASCO-Friends recommendations
by not excluding patients who: are 12 years and older; have new or
progressive brain metastases or previously treated or untreated brain
metastases, if they are clinically stable; have a prior malignancy; are
HIVþ; and/or are ECOG PS 0–2. For biomarker-selected therapies,
the biomarker driving the cancer should be the primary inclusion
criteria, as these therapies often do not pose the same risks as cytotoxic
chemotherapy.

Conclusions
EC for washout periods, concomitant medications, prior therapies,
laboratory references ranges and test intervals, and PS can and should be
modernized to be inclusive of broader, more representative patient
populations. These considerations, along with previously proposed
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Table 2. Beneﬁts and risks/challenges of expanded eligibility criteria (Adapted from Kim and colleagues, 2017).
Beneﬁt and
risk/challenge
Beneﬁts

Risks/
challenges

Patients

Physicians

Ability to generalize to real-world patients
Earlier access to investigational agents and More complete safety data, which can
and potentially reduce postmarketing
expanded trial and treatment options
inform clinical use and enable safe
requirements; efﬁcacy in traditionally
delivery if investigational agent becomes
understudied population(s) could
commercially available
potentially result in expanded marketing
claims and provide a differentiating factor
between drugs of same class
Increased conﬁdence in treatment decision- Availability of efﬁcacy and safety data
Quicker accrual, fewer trial delays and
making due to availability of efﬁcacy and
informs weighing of available treatment
failures, and more patients may be
safety (i.e., side effect) data from a
options across a broader array of patients
eligible at each site. All these factors may
representative group of trial participants
and increases conﬁdence in therapy
also reduce cost and time of clinical trial
selection
conduct.
If early trial data in expanded populations Earlier identiﬁcation of drugs that may not Identiﬁcation of potential safety issues
earlier during closely monitored clinical
be efﬁcacious in a speciﬁc patient
demonstrates concerns with efﬁcacy or
trials may facilitate earlier development
population or that may cause more harm
safety, future patients will have better
of mitigation strategies, enabling broader
than good or earlier knowledge about
information to avoid more toxic or less
uptake after approval, and avoidance of
dose modiﬁcation of an investigational
efﬁcacious therapies or know how to
post-marketing harms in a larger number
therapy to improve efﬁcacy or safety/
modify therapy delivery to avoid
of patients due to length of time required
tolerability
toxicities.
for the passive, postmarketing safety
surveillance system to identify safety
concerns
Patients with comorbidities may have a
Limited data from small cohorts enrolled
More variability in outcomes may require
potentially higher risk of experiencing an
with broadened criteria may not be
larger sample sizes and inferences may
adverse event as a result of the
adequate for clinical decision-making
not be as precise
investigational drug or their disease
Additional procedures for increased safety Additional procedures for increased safety Potential safety concerns may require
monitoring in some situations may incur
monitoring in some situations may incur
separate cohorts or analysis plans and
additional costs to patients
additional costs and increased
early stopping rules for excess toxicity
complexity of patient care
Additional resources may be required to
May complicate attribution of adverse
ensure staff are able to manage safety
events
monitoring
Increased costs associated with additional
cohorts, statistical requirements,
additional testing, additional data for
analysis, or special expertise to manage
speciﬁc patient needs

modiﬁcations, may result in greater efﬁciency of trial conduct and faster
clinical trial accrual. Implementation will increase opportunities for
patient participation and generation of generalizable evidence to better
inform use of new therapies in populations encountered in clinical
practice.
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ABSTRACT
◥

Purpose: In clinical research, eligibility criteria promote patient
safety and optimize the evidence generated from clinical trials.
However, overly stringent eligibility criteria, including laboratory
requirements, may limit enrollment, resulting in delayed trial
completion and potentially limiting applicability of trial results to
a general practice population.
Experimental Design: Starting in 2018, a working group consisting of experts in direct patient care, the FDA, industry, and
patient advocacy developed recommendations to guide the optimal
use of laboratory reference ranges and testing intervals in clinical
trial eligibility criteria and study procedures. The working group
evaluated current eligibility criteria across different clinical trial
phases and performed a literature review to evaluate the impact of
and justiﬁcation for laboratory test eligibility requirements and

Introduction
Clinical trial enrollment has become more challenging over the
years, in part, due to increasing number and complexity of eligibility
criteria and study requirements. From 2001 to 2015, trial endpoints,
eligibility criteria, and procedures steadily increased (1, 2). An evaluation of Eastern Cooperative Oncology Group lung cancer protocols
revealed a median increase in number and complexity of eligibility
criteria from 17 in 1986–1995 to 27 in 2006–2016 (3). Appropriate and
relevant eligibility criteria are necessary to ensure the safety of patients
participating in a clinical study and to allow for interpretability of the
clinical study results (4). However, overly stringent eligibility criteria
1
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testing intervals in clinical trials. Recommendations were developed
on the basis of the goals of promoting safety and optimizing the
evidence generated, while also expanding eligibility and applicability, and minimizing excess burden of trial participation.
Results: In general, we found little variation over time and trial
phase in laboratory test requirements, suggesting that these eligibility criteria are not reﬁned according to ongoing clinical experience. We propose recommendations to optimize the use of laboratory tests when considering eligibility criteria.
Conclusions: Tailoring the use of laboratory test requirements
and testing intervals may increase the number and diversity of
patients in clinical trials and provide clinical data that more closely
represent the general practice populations.
See related commentary by Giantonio, p. 2369
may unnecessarily limit enrollment, resulting in delayed trial completion, and limiting generalizability of the research results to a broader
practice population. Eligibility for clinical trials should be recognized
as a distributive justice issue for individual patients and for vulnerable
populations (5). Balancing the need for modernized eligibility criteria
with patient safety requires careful review and planning of clinical trial
protocols and eligibility criteria.
In 2016, the American Society of Clinical Oncology (ASCO) and
Friends of Cancer Research (Friends) initiated a joint project to
evaluate eligibility criteria in oncology clinical trials and to investigate
potential strategies that could expand trial eligibility while maintaining
patient safety (6). This initial effort resulted in the development of key
recommendations that catalyzed efforts to improve the applicability
and accessibility of clinical studies to patients with brain metastases,
human immunodeﬁciency virus infection, younger age, organ dysfunction, and prior/concurrent malignancies (6–10). However, additional barriers and opportunities remain. Follow-up activities were
conducted to identify and prioritize additional criteria that may hinder
the rate of trial accrual and unnecessarily restrict patient access to
investigational therapies.
Laboratory tests represent one of the most commonly employed
categories of eligibility criteria in clinical trials. For instance, minimum
renal and hepatic function may be required for therapies that are either
metabolized by or pose toxicity to these organ systems. Similarly,
threshold blood counts provide a margin of safety for myelosuppressive treatments. Despite this clear rationale, there is obvious potential
for unintended consequences. For instance, in oncology, the majority
of patients are older, a population in which some degree of organ
dysfunction is quite common, but rarely has clinical consequences. It
follows that a recent study found that strict renal and hepatic function

Reprinted from Spira AI, et al. Modernizing Clinical Trial Eligibility Criteria: Recommendations of the ASCO-Friends of Cancer Research Laboratory Reference Ranges and Testing Intervals Work Group. Clin Cancer Res. 2021 May 1;27(9):2416-2423. doi: 10.1158/10780432.CCR-20-3853. Epub 2021 Feb 9. PMID: 33563636; PMCID: PMC8102342 with permission from AACR.
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Translational Relevance
Stringent eligibility criteria, including laboratory test thresholds,
may restrict clinical trial enrollment and limit the relevance of
study results. The American Society of Clinical Oncology and
Friends of Cancer Research worked with stakeholders throughout
the cancer research community to develop evidence-based, consensus recommendations to modernize the use of clinical trial
laboratory test–related eligibility and intervals. These recommendations may help to facilitate accrual and render trial populations
more representative of the disease population, improving the
generalizability of the research results.

requirements were one of the most common reasons for excluding
potential patients from clinical trials (11). While not every patient will
be a candidate for a clinical trial, the exclusion of patients for what can
often be arbitrary reasons, thereby diminishes the desire for those
involved to enroll on clinical trials. Laboratory abnormalities may also
represent reversible manifestations of the underlying malignancy.
ASCO and Friends established a working group to understand current
practices related to clinical trial laboratory test requirements and
intervals. The group also assessed whether reasonable changes could
be recommended while preserving patient safety and study scientiﬁc
integrity. The scope of work did not encompass tumor tissue requirements or biomarker testing for clinical trial enrollment, as they require
additional considerations beyond the use of laboratory tests as eligibility criteria (3, 12).

Process
To inform our recommendations related to laboratory test requirements and testing intervals, we reviewed eligibility criteria from a
sampling of recently submitted or active cancer clinical trial protocols
from diverse sources. Speciﬁcally, we included protocols from (i) a
clinical practice setting (Sarah Cannon Research Institute, Nashville,
TN; industry-sponsored trials activated January 2018–May 2019; N ¼
97), (ii) an industry sponsor (AstraZeneca; late-phase oncology trials
active in 2018; N ¼ 13), and (iii) a regulatory authority (FDA;
applications submitted May 2018–May 2019; N ¼ 13). The following
information was collected and summarized: disease under study; trial
phase; class of therapy (targeted/small molecule, immunotherapy,
chemotherapy, or combination therapy); eligibility thresholds for bone
marrow, renal, and hepatic function; requirements for transfusionand growth factor–free periods; and coagulation parameters.
Separately, we reviewed 2019 oncology FDA approvals and identiﬁed 26 approvals on the basis of randomized phase III clinical trials.
Published articles supporting 23 of the 26 approvals were retrieved (as
of March 2020) and the eligibility criteria speciﬁcs for each trial were
extracted from the article supplementary material (Supplementary
Table S1).

Findings
Evaluation of eligibility criteria in clinical trial protocols
Table 1 broadly describes the characteristics of the clinical trials
included in our assessment of laboratory test criteria. More than a 100
industry-sponsored trials were represented in the trial review and 13%
of the trials only enrolled patients with a hematologic malignancy.

Table 1. Oncology clinical trial distribution by trial phase and
therapy.

Trial characteristic
Trial phase
I
I/II
II
III
Therapy category
Targeted/small
molecule
Immunotherapies
Chemotherapy
Combination

Solid cancer
trials, n (%)
(n ¼ 107)

Hematology–
oncology trials, n (%)
(n ¼ 16)

71 (66%)
19 (18%)
8 (8%)
9 (8%)

11 (69%)
4 (25%)
1 (6%)
0 (0%)

37 (35%)

5 (31%)

46 (44%)
14 (13%)
8 (8%)

7 (44%)
1 (6%)
3 (19%)

Figure 1 displays the laboratory test–based eligibility criteria for the
107 solid tumor trials included in our analysis. In general, we observed
the greatest heterogeneity for renal function, even within a single-drug
class. For instance, among immune checkpoint inhibitor trials, creatinine clearance (CrCl) requirements were almost equally distributed
among 30, 40, 50, and 60 mL/minute. The justiﬁcation for such
variation is not readily clear, as these drugs tend to undergo similar
metabolism and excretion and have similar rates of nephrotoxicity. It is
also noteworthy that the most common minimum platelet count
requirement was 100,000/mL for all three drug classes, even though
thrombocytopenia occurs almost universally with cytotoxic chemotherapy, but in well under 5% of patients treated with immune
checkpoint inhibitors. Similarly, hemoglobin eligibility requirement
was 9 g/dL for almost all trials, with anemia a common toxicity with
cytotoxic agents, but a rare event with immunotherapy.
Hepatic function exceptions for patients with suspected Gilbert
syndrome and liver metastases were employed for most clinical trials
(66% and 71%, respectively). The guidelines for patients with Gilbert
syndrome ranged widely: some trials allowing for a total bilirubin of up
to 3� to 5� upper limit of normal (ULN) and a direct bilirubin up to
1.5� ULN; in some cases, no threshold was speciﬁed. In addition, the
existence of such exceptions raises the question whether laboratory test
thresholds could be relaxed more broadly. That is, whether a therapy is
considered safe in a patient with elevated hepatic transaminase levels
due to liver metastases, might it also be safe in a patient with liver
dysfunction due to another reason? As expected, we found that bone
marrow function (i.e., minimum blood counts) criteria have different
thresholds, if included in hematology malignancy trials (Fig. 2).
Importantly, our ﬁndings are almost identical to earlier reviews by
the FDA and by the ASCO and Friends working group (13). This lack
of variation over time suggests the possibility that laboratory test–
based eligibility criteria template language may be carried forward
despite the accumulation of additional clinical experience, on trials or
after approval. We noted a similar phenomenon when tracking clinical
development across trial phases. Our review of published material
(Supplementary Table S1) of 23 of the 26 oncology drugs approved by
FDA on the basis of randomized phase III trials in 2019 demonstrated a
lack of variation in laboratory test requirements between early-phase
and later phase clinical trials of the same agent. Again, this observation
may suggest that these eligibility criteria remain static, not taking into
account new or developing knowledge.
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Figure 1.
Frequency of laboratory value requirements according to therapy type for 107 oncology clinical trial protocols for solid tumors. Protocol-speciﬁed accepted
laboratory test values and number of protocols with each requirement for ANC (A), platelet count (B), hemoglobin (C), serum creatinine (D), CrCl or glomerular
ﬁltration rate (GFR; E), total bilirubin (F), and aspartate aminotransferase (AST) and ALT (G).

Implications of laboratory eligibility criteria
How do laboratory eligibility criteria impact clinical trial
enrollment? A recent study examining 10,500 electronic health records
of patients with advanced non–small cell lung cancer (NSCLC) found
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that expanded criteria that would allow patients with advanced NSCLC
and brain metastases, previous or concurrent cancers, and limited
kidney function to enroll in clinical trials would nearly double the
percentage of patients potentially eligible to enroll in clinical trials (14).

Instances may still exist where strict eligibility criteria are required for
patient safety. For example, a drug that causes hemolytic anemia or risk
of bleeding may require patients to have a higher hemoglobin criteria
for entry; however, a drug without any known effect on this parameter
may not require this and could be adequately managed expectantly
according to best oncologic care.
Differences between and within drug classes
Laboratory-based criteria should reﬂect treatment considerations, including organ function adequate for drug metabolism and
elimination, and provide a sufﬁcient margin in the event of hepatic
or renal toxicity of investigational treatments. Therapies that may
be hepatically metabolized or renally excreted would be expected to
have more narrow enrollment criteria than those which are eliminated via other means.
Among medical therapies, substantial differences in metabolism/
excretion and toxicity proﬁles render broad recommendations challenging. In some instances, multiple drugs in a class would be expected
to have comparable proﬁles, as is the case for PD-1/PD-L1 immune
checkpoint inhibitors. Minor pharmacologic differences within the
class, such as IgG subtype (IgG1 vs. IgG4) or antibody species (human
vs. humanized), do not translate into meaningful variation in laboratory requirements. In contrast, ALK inhibitors approved for ALKpositive lung cancer differ substantially in pharmacodynamics properties, resulting in truly distinct metabolic and toxicity proﬁles (17).
With this in mind, there will need to be some variability, but data and
experience from similar in-class molecules should be used to inform
selection of laboratory requirements for eligibility criteria. Furthermore, as investigational therapies advance from early-phase to latephase development, those criteria should be adjusted on the basis of
earlier experience and observations. The current “cut and paste”
approach should be challenged and clinical trial protocols continuously reevaluated as recommended in FDA guidance (18).
Laboratory test value variability
Importantly, laboratory test values may differ substantially between
testing facilities and among populations. For instance, the lower limit
of normal for hemoglobin is 9.6 g/dL in Black women, which falls
below the eligibility threshold for some clinical trials (19). In addition,
study criteria that use absolute neutrophil count (ANC) > 1,500/mL can
contribute to signiﬁcant racial disparities in studies as a result of benign
ethnic neutropenia (20). Lowering the ANC cutoff level could increase
the number of eligible minority patients that may have benign ethnic
neutropenia. Across populations, among 38 standard laboratory tests
analyzed among more than 3,000 healthy individuals in the National
Health and Nutrition Examination Survey, only ﬁve (glucose, phosphorus, potassium, total bilirubin, and uric acid) did not show
signiﬁcant racial/ethnic difference in distribution (20). For instance,
the normal range of serum creatinine for White females was 0.50–
1.10 mg/dL, but 0.43–0.88 mg/dL for Asian females. Furthermore,
formulas used to assess CrCl often vary widely (21). Black participants
had signiﬁcantly higher normal ranges in CPK, globulin, and total
protein, and lower normal ranges in hematocrit, hemoglobin, total
cholesterol, triglycerides, and white blood cell than Whites. There are
also differences according to gender. For alanine aminotransferase
(ALT), upper reference ranges vary from 35 to 79 U/L for men, and 31
to 55 U/L for women (22). Other laboratory tests with signiﬁcant
differences between males and females include total bilirubin, cholesterol, bicarbonate, calcium, and total protein (20). To the best of our
knowledge, we cannot identify the rationale for one of the most

common liver dysfunction criteria, transaminases of 2�–2.5� ULN
for most patients, and sometimes up to 5� with liver metastases.
The number of patients this excludes from studies is unknown, but
is felt to represent a signiﬁcant burden especially in patients who
may have adequate synthetic and clearance function, but have
elevated transaminases because of liver metastases. Current FDA
guidance suggests that patients with transaminase elevation up to
20� ULN may have similar tolerance to therapies as those with
normal levels (18, 23).
Advanced age also represents a key consideration in laboratory test
interpretation, as many patients with common cancers are elderly.
Alkaline phosphatase increases by 20% between the 3rd and 8th
decade. CrCl increases by 10 mL/minute/1.73 m2 per decade. Postprandial glucose increases by 30–40 mg/dL per decade after age
40 years (24). Between the 6th and 8th decades, platelet count decreases
by approximately 20,000/mcl (25).
Laboratory test results in cancer populations
Across cancer types, laboratory abnormalities are more common in
oncology populations. Anemia, when deﬁned as hemoglobin < 11 g/dL,
occurs in up to 40%–60% of patients with common malignancies (26).
This is especially true in patients who have already received several
treatments for their malignancy, and can be supported easily
with transfusions or other care. In terms of renal function, 50% of
patients with cancer have CrCl < 90 mL/minute and 20% have CrCl <
60 mL/minute (27). For drugs that are known not to be renally
metabolized, this may not be relevant, and only reﬂect the general
performance status of the patient. Furthermore, the formulas used to
estimate glomerular ﬁltration rate (e.g., Cockcroft–Gault) often underestimate true CrCl, especially in females and in those that are older with
less body mass. More direct measures (e.g., 24-hour urine CrCl) should
often be used. Furthermore, the prevalence of laboratory abnormalities
is greatest in patients with more advanced cancer, which tend to
represent the cases for which a clinical trial may be most appropriate
and potentially most beneﬁcial (28, 29).

Recommendations
The group concluded that laboratory tests should be used as
exclusionary criteria only when clearly necessary due to safety or
efﬁcacy concerns. As demonstrated previously, laboratory-based eligibility criteria are frequently carried forward from earlier protocols to
new trials, without critical scientiﬁc evaluation of the need and impact
of these decisions. Because each clinical trial focuses on speciﬁc patient
populations and studies speciﬁc therapies with differing toxicity and
pharmacokinetics considerations, it is not feasible to provide speciﬁc
laboratory test value thresholds for broad applicability. Nevertheless,
the incorporation of the key principles (Table 2) may help ensure
safety and optimize efﬁcacy, while minimizing unnecessary patient
exclusions.

Conclusion
Overall, this working group found that laboratory test–related
eligibility criteria (i) may account for exclusion of a meaningful
proportion of patients from clinical trials, (ii) rarely change over time
or over the course of a therapeutic agent’s clinical development, (iii) are
highly similar between drug classes that have substantially different
pharmacologic and toxicity proﬁles, and (iv) may have varying impact
on patients according to age, gender, and race/ethnicity. We have
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Table 2. Recommendations for broadening laboratory reference ranges and testing intervals.
1. Laboratory tests should only be used as exclusionary criteria when scientiﬁcally justiﬁed and when abnormal test results confer safety concerns.
Laboratory test requirements should be customized to the therapy/therapies under investigation. Ultimately, laboratory test requirements should
reﬂect study therapy pharmacokinetics and pharmacodynamics and anticipated toxicities. For instance, if a therapy does not undergo hepatic
metabolism and is not expected to cause hepatic toxicity, strict hepatic function eligibility criteria may not be necessary, or at a minimum, there should
be very broad entry criteria. Wherever data are available from similar agents and previous experience should be used as a guide. For example, in some
instances (e.g., PD-1/PD-L1 checkpoint inhibitors), pharmacology and toxicity proﬁles are similar across agents, allowing use of comparable laboratoryrelated eligibility criteria. In other instances (e.g., ALK inhibitors), each individual drug may have different requirements depending on its individual
pharmacokinetic/pharmacodynamic proﬁle. Importantly, restrictions from earlier clinical trials should not be carried forward automatically, but should
be modiﬁed to reﬂect the experiences of patients in earlier trials and in postmarket use.
Laboratory test–related eligibility criteria should not be used as a surrogate for performance status or the presence of comorbidities. Because of the
older age of most patients with cancer and the likelihood of identifying laboratory anomalies of no clinical signiﬁcance, the use of laboratory tests to
identify sufﬁciently healthy individuals is likely to result in unnecessary exclusion of potential patients. Instead, clinical trial protocols should specify
functional status and comorbidity requirements in line with previous recommendations, as appropriate (10).
Consider adjusting laboratory-based eligibility criteria broadly rather than in speciﬁc clinical scenarios. A frequent clinical trial practice is to relax
laboratory-related eligibility criteria in populations more likely to have baseline laboratory abnormalities (e.g., allowing lower levels of renal function in
patients with genitourinary malignancies, or allowing greater degrees of hepatic dysfunction in patients with primary or metastatic liver cancer). If these
population subgroups can be treated effectively and safely, consideration should be given to applying similar laboratory-related eligibility criteria more
broadly.
Laboratory-based eligibility criteria should be limited to the clinical concern. As an example, in clinical trials of therapies that may prolong the QTc
interval, low levels of electrolytes, such as potassium, calcium, and magnesium, may increase risk of cardiac arrhythmias. A common response to this
concern is to require levels of these electrolytes to be within normal limits. This results in unnecessary exclusion of patients whose electrolyte levels are
slightly above the normal range, even though there is no increased risk of QTc prolongation. In these cases, precise protocol writing (e.g., requirements
for laboratory tests to be above the lower limit of normal rather than within normal limits) with an understanding of the intent of the criteria and the
normal variations among people as outlined above is of utmost importance. Furthermore, opportunities to allow for correction to the near-normal range
should be allowed. While safety is of utmost concern, protocols should reﬂect the intended use population for the treatment being evaluated and not
situations where the trial data cannot realistically be applied to post-approval scenarios.
Interlaboratory variation should be accounted for when selecting laboratory-based eligibility criteria. It is important to consider thresholds rather
than speciﬁc normal values. ULN's can vary across laboratories, and criteria should reﬂect multiples of ULN, rather than absolute numbers (akin to NCI
CTCAE criteria). Across academic medical centers, there are substantial differences in serum creatinine determination, with laboratory site accounting
for 50% and time of assay performance accounting for another 15% of this variation (23). CrCl should be accounted for by accurate measurements, and
options for direct measurements (24-hour urine CrCl) be allowed, rather than formulas that simply estimate the clearance (e.g., Cockcroft–Gault).
2. Laboratory reference values should account for potential normal variations due to race, ethnicity, age, sex, and gender identity (i.e., due to surgical
and hormonal changes).
The impact on trial eligibility, enrollment, and relevance should be assessed when selecting laboratory-based eligibility criteria. Laboratory
abnormalities occur frequently without clinical signiﬁcance. Reference intervals generally include 95% of test results obtained from a presumably
healthy population. The chance that a healthy person has a test result falling outside this range is 5% for a single test, but rises to 64% for 20 tests (e.g.,
complete blood count and metabolic panel; ref. 30). As noted previously, the likelihood of test results outside reference ranges is far greater among
individuals with cancer and may not be of clinical signiﬁcance with respect to the treatment being studied.
Demographic differences in laboratory test results, and their implication across populations, should be understood. Given the differences among
ethnicities, those criteria that are included should be sufﬁciently broad to allow for these natural variations (20, 26). It should be noted that persons who
have undergone surgery or take medications to align with their gender identity may have altered “normal” laboratory values despite being
healthy (31, 32).
3. Routine reassessment of laboratory test–based exclusion criteria should be conducted during the course of clinical research and drug development
as investigational agents progress from earlier to later phase clinical trials.
Eligibility criteria should be expanded on the basis of earlier clinical experience and in the absence of safety concerns. Phase I, ﬁrst-in-human trials
should incorporate strict laboratory-related eligibility criteria as a precautionary measure, as the clinical pharmacology and toxicity proﬁle of the novel
therapy are not known. However, once these characteristics have been established, laboratory-related eligibility criteria should be adjusted to reﬂect
this experience, enabling appropriate access to therapies under investigation. Currently, the initial criteria are often carried forward to phase II and phase
III trials, resulting in unnecessarily strict requirements and exclusion of potential patients, and limiting applicability of results. Similarly, criteria and
experience from drugs of a similar class may be used to formulate eligibility entry criteria.
Broadening eligibility criteria by employing less stringent requirements for laboratory eligibility requirements should be accounted for when
assessing on-treatment abnormal laboratory values. In addition to grading of laboratory abnormalities using CTCAE, which accounts for the most
severe laboratory value aberration, interpretation of results should take into account CTCAE attribution. If patients have baseline laboratory anomalies
prior to starting treatment, they may have more frequent and more severe laboratory abnormalities after initiating therapy. To account for this
possibility, one approach is to focus on the degree of change in laboratory values, as conveyed by shift tables (33). Shift tables display baseline
laboratory values and the shift at postdose, which helps determine the potential impact of the investigational therapy on these results.
(Continued on the following page)
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Table 2. Recommendations for broadening laboratory reference ranges and testing intervals. (Cont'd )
4. Increasing the intervals between protocol-speciﬁc tests should be considered to help reduce patient burden and increase ability to rely on routine
clinical testing, especially in later cycles of treatment and over the evolution of protocols from earlier to later phase clinical trials.
Restrictive test intervals could result in reduced interest in and commitment to clinical trials among patients, clinicians, and investigators. Oncology
patients, in general, are spending an inordinate amount of time for treatment of their cancer. The average informed consent form for oncology trials is
more than 4,000 words and describes hundreds of procedures (34). Unnecessary testing and procedures can lead to more patients choosing not to
participate in trials or dropping out over the course of a study. Minimizing testing frequency to reﬂect what is truly needed to assess safety and efﬁcacy
may improve interest, enrollment, and adherence on clinical trials.
Abbreviation: CTCAE, Common Terminology Criteria for Adverse Events.

outlined a number of areas in which modifying current clinical trial
eligibility and following the principles of distributive justice may
optimize trial participation and efﬁciency, and applicability of study
results to better inform appropriate uses of new therapies. Recommendations outlined in this article can help guide appropriate use of
laboratory tests and testing intervals as exclusionary criteria in protocols. This would enable increased clinical trial accrual and provide
more relevant data that better mirror the oncology patient populations
that ultimately will be treated with these agents. While it is reasonable
to establish some minimum criteria for safety, they should be appropriately broad without compromising safety. This will allow oncologists to have more evidence-based discussions with patients and
caregivers regarding the potential risks and beneﬁts, ultimately
improving shared decision-making in cancer care.
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ABSTRACT
◥

Purpose: Restrictive eligibility criteria induce differences between
clinical trial and “real-world” treatment populations. Restrictions
based on prior therapies are common; minimizing them when
appropriate may increase patient participation in clinical trials.
Experimental Design: A multi-stakeholder working group
developed a conceptual framework to guide evaluation of prevailing
practices with respect to using prior treatment as selection criteria
for clinical trials. The working group made recommendations to
minimize restrictions based on prior therapies within the boundaries of scientiﬁc validity, patient centeredness, distributive justice,
and beneﬁcence.
Recommendations: (i) Patients are eligible for clinical trials
regardless of the number or type of prior therapies and without
requiring a speciﬁc therapy prior to enrollment unless a scientiﬁc or
clinically based rationale is provided as justiﬁcation. (ii) Prior

Introduction
An expanding number of innovative approaches to cancer treatment, such as targeted anticancer therapies, are reframing our
approach to patient selection for the evaluation of experimental agents
in clinical trials (1). For example, targeted anticancer therapies are
efﬁcacious in molecularly deﬁned patient subsets, irrespective of
previous exposure to other types of treatment; they also tend to have
more favorable side effect proﬁles than traditional cytotoxic chemotherapeutic agents, thus patients treated with targeted agents are often
physically well enough to receive subsequent therapies (2–8). With
ever-increasing understanding of drug interactions and novel toxicity
proﬁles of innovative therapies, it is important to rethink the use of
prior therapy as eligibility criteria for patient exclusion or inclusion
into controlled studies.
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therapy (either limits on number and type of prior therapies or
requirements for speciﬁc therapies before enrollment) could be used
to determine eligibility in the following cases: a) the agents being
studied target a speciﬁc mechanism or pathway that could potentially interact with a prior therapy; b) the study design requires that
all patients begin protocol-speciﬁed treatment at the same point in
the disease trajectory; and c) in randomized clinical studies, if the
therapy in the control arm is not appropriate for the patient due to
previous therapies received. (iii) Trial designers should consider
conducting evaluation separately from the primary endpoint analysis for participants who have received prior therapies.
Conclusions: Clinical trial sponsors and regulators should
thoughtfully reexamine the use of prior therapy exposure as selection criteria to maximize clinical trial participation.
See related commentary by Giantonio, p. 2369
The prior therapy selection criteria are a key aspect of clinical
trial design and vary substantially, depending on the goals of
the study. Updating their use would promote patient access to
experimental drugs, improve patient participation, clinical trials
accrual, and increase the applicability of trial results to a more
general population of patients. The rationale for broadening eligibility criteria to make clinical trial participants more representative of the general population has been described previously in a
joint effort by the American Society of Clinical Oncology (ASCO)
and Friends of Cancer Research (Friends; ref. 9). Key recommendations to modernize clinical trial eligibility criteria associated with
minimum age (10), organ dysfunction, prior or concurrent malignancies (11), brain metastases (12), and human immunodeﬁciency
virus infection (13) have been published and led to new guidance
documents development by the FDA (14–17).
Building on the success of this initial effort, ASCO and Friends
convened a multi-stakeholder working group of experts from multiple
disciplines to evaluate the current practice of using prior therapy as
entry criteria for clinical trials, and developed recommendations to
support the design and conduct of clinical trials.

Process
The ASCO-Friends Prior Therapies Working Group included
clinical investigators, clinical pharmacologists, patient advocates,
and regulatory and industry representatives. The working group
developed a framework for eliminating barriers to participation
in clinical trials based on restrictive criteria on the types and timing
of prior cancer therapy, to maximize inclusivity in clinical trials.
All working group members acknowledged that the use of
prior therapies as a criterion for eligibility is deeply tied to clinical

Reprinted from Osarogiagbon RU, et al. Modernizing Clinical Trial Eligibility Criteria: Recommendations of the ASCO-Friends of
Cancer Research Prior Therapies Work Group. Clin Cancer Res. 2021 May 1;27(9):2408-2415. doi: 10.1158/1078-0432.CCR-20-3854. Epub
2021 Feb 9. PMID: 33563637; PMCID: PMC8170959 with permission from AACR.
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Translational Relevance
With rapid-cycle discovery of new drugs with well-characterized
targets and mechanisms of action, the therapeutic index and
efﬁcacy of new candidate cancer drugs are signiﬁcantly better than
in the past, reconﬁguring the safety and efﬁcacy calculus in using
prior therapy exposure to select patients for clinical trials. Concurrently, there is growing awareness that cancer drugs approved in
restrictive clinical trials are often used in real-world practice for
groups of patients ineligible for such trials, even without evidence
for their safety or efﬁcacy. Using a patient-centered conceptual
model that considers safety, efﬁcacy, and the ethical principles of
distributive justice and beneﬁcence, a multi-stakeholder working
group has proposed three recommendations to promote more
thoughtful consideration of the use of prior therapy as a selection
criterion for oncology trials. The overarching objective is to
minimize this potential barrier to clinical trial access for willing
patients.

trial design. For example, a trial may require patients to be
treatment na€�ve if investigating an agent as ﬁrst-line therapy, while
another trial may require patients to have received a speciﬁc prior
therapy or a limited number of prior therapies if investigating an

agent as a later line of therapy, or if a prior therapy is known to
interact with the investigational agent.
The working group, thus, developed a conceptual framework with
which to guide subsequent discussions; and reviewed a sample of the
most recently registered, ongoing clinical trials in ﬁve disease areas
selected from the ClinicalTrials.gov website to examine how prior
therapies are being used as eligibility criteria. The working group used
these insights to guide subsequent discussions that led to the ﬁnal
proposed recommendations.
Conceptual framework
We developed a conceptual framework for evaluating the
advantages and limitations of using prior therapy as eligibility
criteria in clinical trials (Fig. 1). This framework considers both
information about the potential or known toxicity of the experimental agent and its efﬁcacy in relation to existing treatments,
to determine the appropriateness of restricting clinical trial
participation based on previous treatments. By deconstructing the
decision-making process into its basic elements of safety and
efﬁcacy, the working group was able to develop recommendations
within the context of patient centeredness, keeping with the ethical
principles of distributive justice and beneﬁcence (18, 19). These
considerations guided the thought process behind the ClinicalTrials.gov exercise and the recommendations proposed by this
working group.

Figure 1.
Conceptual framework to guide the use of prior therapy as selection criteria in clinical trials. We encourage the use of this conceptual framework early in the process of
clinical trial design, to minimize the barrier to entry. We encourage shared decision-making between the patient and the health care provider in selecting treatment
options, including treatment within a clinical trial. In general, clinical trials should be designed with the aim of achieving greater inclusivity with minimal restrictions
placed on trial entry. Decisions regarding whether exposure to existing therapy should be required prior to administering an investigational therapy should consider
the risks (i.e., known or unknown safety proﬁle) and the efﬁcacy of the therapy, and the availability of alternative treatments. In a clinical setting, wherein the
standard-of-care treatment provides a high likelihood of cure, such as may be the case for some in an adjuvant setting or for some advanced lymphomas or pediatric
cancers, it may be appropriate to restrict access to experimental therapy until after disease progression, relapse, or intolerance of such existing treatments. However,
in the noncurative setting, a requirement for receipt of such “standard” options is not recommended unless there is sound scientiﬁc or clinical rationale to support the
restriction. Rx, therapy.
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Current use of prior therapies as eligibility criteria, ClinicalTrials.
gov assessment
To better understand the scope of the problem, we used the
ClinicalTrials.gov website to assess the extent to which prior therapy
is currently used as eligibility criteria (20). In July 2019, we accessed the
ClinicalTrials.gov website to select the 11–12 most recently registered
phase I–III clinical trials in breast cancer, colon cancer, lung cancer,
malignant melanoma, and multiple myeloma, for close evaluation of
how prior therapy requirements were being used as eligibility criteria.
The working group deﬁned inclusion and exclusion criteria based
on prior therapies as those criteria that did not have a speciﬁed
washout period. Any criteria based on prior therapies that included
a washout period were categorized as “washout period criteria” and
not assessed in this study. Trials were categorized by cancer type,
clinical trial phase (with phase I/phase II trials considered phase I
due to their emphasis on the exploration of safety endpoints), and
by drug class (including immunotherapy, alone or in combination,
chemotherapy only, and other).

Findings
The working group reviewed a total of 57 trials to assess whether
there were requirements based on prior therapies, specifying whether
these were inclusion or exclusion criteria (Fig. 2; Supplementary
Table S1). Thirty-three clinical trials corresponded to phase I
(58%), 15 trials to phase II (26%), and nine to phase III (16%). More
than 90% of clinical trials investigated immunotherapies (91%; 52/57),
either alone or in combination with other agents or treatment modalities, such as chemotherapy and radiotherapy. Of the remaining ﬁve
clinical trials (9%), four investigated other therapies, such as retinoid X
receptor and hyperbaric oxygen, and one investigated a chemotherapy

agent only (Supplementary Table S1). The breakdown of clinical trials
by cancer type was 12 trials in breast cancer, 11 in colon cancer, 11 in
lung cancer, 11 in melanoma, and 12 in multiple myeloma.
Two-thirds (38/57) of the trials included prior therapy as an
eligibility criterion and 19 trials (33%) did not specify prior therapy
as an eligibility criterion. Among 38 trials, 19 (50%) speciﬁed prior
therapy as an exclusion criterion only, 14 (37%) speciﬁed prior therapy
as both an inclusion and exclusion criterion, and ﬁve (13%) speciﬁed
prior therapy as an inclusion criterion only. When categorized by
clinical trial phase, 58% (19/33) of phase I trials speciﬁed either an
inclusion or exclusion criterion based on prior therapies, while 42%
(14/33) did not. Of the 15 phase II trials, 10 (67%) speciﬁed either an
inclusion or exclusion criterion based on prior therapies, compared
with ﬁve (33%), which did not. Finally, all nine phase III trials speciﬁed
either an inclusion or exclusion criterion based on prior therapies, with
exclusion criterion only speciﬁed in six trials (67%), and both inclusion
and exclusion criteria based on prior therapies speciﬁed in three trials
(33%; Fig. 2).
The pattern of use of prior therapies as eligibility criteria in trials
categorized by drug class and tumor type is shown in Fig. 2. Use was
most prevalent in lung cancer trials (82%; 9/11) and least prevalent in
melanoma trials (45%; 5/11). The predominance of immunotherapy
trials in the survey, which may be indicative of the predominance of
immunotherapy trials in recent ClinicalTrials.gov registrations, may
limit the extrapolation of our ﬁndings to nonimmunotherapy trials.

Recommendations
Taking all available evidence into consideration, the working group
proposed the recommendations outlined in Table 1, on the basis of the
key principles of preserving patient safety, facilitating the assessment

Figure 2.
Frequency of the use of prior therapies as inclusion and/or exclusion criteria in clinical trials as part of the ClinicalTrials.gov exercise categorized by phase, drug class,
and tumor type. ClinicalTrials.gov was accessed on July 23, 2019. Trials with any component of phase I trials (e.g., phase I/II) were categorized as phase I trials. The
working group deﬁned inclusion and exclusion criteria based on prior therapies as those criteria that did not have a speciﬁed washout period. Any criteria based on
prior therapies that included a washout period was categorized as “washout period criteria” and not evaluated in this assessment.
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Table 1. Recommendations for the modernization of eligibility criteria based on prior therapies.
Recommendation

Comment

(i) Patients are eligible for clinical trials regardless of
the number or type of prior therapies and without
a requirement to have received a speciﬁc therapy
prior to enrollment unless a scientiﬁc or clinical
rationale is provided as justiﬁcation.

There needs to be a balance between the desire to conduct a tightly controlled experiment with
high internal validity and the reality that patients with much broader demographic and disease
characteristics than those patients evaluated in clinical trials are prescribed the approved
drugs (22).
Clinical trials are the most controlled mechanism for evaluation of the safety and efﬁcacy of
investigational agents in a carefully selected patient population. However, arbitrary exclusion
of populations of patients who may desire access to clinical trials, and may derive beneﬁt from
them, runs counter to the principles of patient autonomy and beneﬁcence. The opportunity
cost of such arbitrary restrictions to sponsors and designers of clinical trials may also be largely
underrecognized.
Overly complex eligibility criteria may, in part, increase the burden on research staff, slow down
clinical trial accrual, increase the risk of failure to complete clinical trials, and raise the audit and
regulatory stakes for enrolling sites and their staff. Indeed, the Pharmaceutical Research and
Manufacturers Association reported that 80% of clinical trials do not ﬁnish on time, 20% are
delayed 6 months or more, and up to two thirds of clinical trials fail to meet their original patient
enrollment goals (39). Reducing barriers that hinder recruitment, such as broadening eligibility
criteria, would be beneﬁcial.
To promote greater clinical trial inclusivity in trials, minimally restrictive criteria should be used,
with patient safety and autonomy as the primary considerations. However, there may be some
speciﬁc scenarios in which these criteria may be justiﬁable and necessary to maintain patient
safety and ensure treatment efﬁcacy. In these cases, when entry into a trial is contingent upon
exposure to a prior therapy (or lack thereof), scientiﬁc and/or clinically sound rationale should
be provided.

(ii) Prior therapy (either limits on the number and
type of prior therapies or requirements for
speciﬁc therapies before enrollment) could be
used to determine eligibility in the following
cases:

a. If the agents being studied target a speciﬁc
mechanism or pathway that could potentially
interact with a prior therapy.
b. If the study design requires that all patients begin
protocol-speciﬁed treatment at the same point in
the disease trajectory.
c. In randomized clinical studies, if the therapy in the
control arm is not appropriate for the patient due
to previous therapies received.
(iii) Trial designers should consider conducting
evaluation separately from the primary endpoint
analysis for participants who have received prior
therapies.
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The working group identiﬁed three cases in which prior therapy could be used to determine
patient eligibility, and additional speciﬁc scenarios are listed in Table 2.
With evolving evidence that investigational agents with known mechanisms of action, which
effectively target speciﬁc biologic pathways, are highly effective irrespective of the point in the
disease trajectory (2–5, 32–36, 38, 43), trial designers are encouraged to continuously
reevaluate the use of prior therapies as eligibility criteria.

There may be concerns that enrolling a subset of patients who may be considered higher risk due
to their exposure or lack of exposure to prior therapies might jeopardize drug development by
reducing apparent treatment efﬁcacy and/or increasing the risk of severe adverse events in
such high-risk patients. To preserve methodologic rigor in clinical trials while maintaining the
desire for minimal barriers to entry, multiple strategies can be considered for data analysis and
interpretation. Some of these approaches have been suggested in prior publications in this
series (9, 22).
These concerns can be addressed at the time of trial design by prespecifying how data from this
subset of higher risk patients will be handled in executing the trial and the statistical analyses.
For example, in early-phase trials, an expanded cohort with perceived high risk due to prior
therapy history can be recruited and closely monitored for safety signals, which can be used to
prompt closure of that subset without jeopardizing the whole program (9–12). The information
generated from this expansion cohort can then be used to inform the criteria for later-phase
trials. In addition, patient enrollment into the arms of randomized clinical trials can be stratiﬁed
on the basis of prior therapy history, with all patients included in the intention-to-treat analysis,
but with prespeciﬁed analyses restricted to a “modiﬁed intention-to-treatment” subset. As
suggested by Jin and colleagues, in hierarchical testing, the primary analysis could be
restricted to the lower-risk modiﬁed intention-to-treat population, with subsequent analyses
to include the whole population (22).
Another alternative would be to enroll a parallel cohort of patients who do not meet the prior
therapy restriction, which would not be part of the intention-to-treat population, but whose
data, analyzed separately, would still provide descriptive safety and efﬁcacy information. This
alternative, however, might be considered less desirable because toxicity data from such a trial
design would be difﬁcult to interpret due to the absence of a control group (22) and because of
the time still required to accrue the intention-to-treat population.
The rapidly evolving development of adaptive clinical trial designs and statistical analysis
methodologies may accommodate the goal of expanding clinical trial participation irrespective
of prior therapy history.

Table 2. Scenarios in which selection criteria based on prior exposure to therapy may be applied, rationale, pros, and cons.
Scenario

Rationale

Limitation to treatmentna€�ve patients (i.e., ﬁrstline treatment trials)

Comparison with standard
ﬁrst-line treatment
Typically, drug registration
trials

Pros
*

*

*

*

Limitation to previously
treated patients (“salvage
therapy” trials)

Assurance of prior exposure
to standard of care.
Possibly, drug registration
trial

*

*

*

Cons

Need clearly deﬁned target treatment
population
High risk of poor efﬁcacy or greater
toxicity when pretreated patients are
included
Minimize expense of including patients
deemed higher risk for failure
Need to establish a market niche
Secure means of testing promising new
agents in the face of existing, highly
curative standard treatments
Establishment of market niche
Potentially enable comparison with
historically treated population outcomes

*

*

*

*

*

Strict limitation of the
number of allowed prior
therapies (typically one or
two)

Assurance of prior exposure
to standard of care. Often,
drug registration trials

*

*

*

*

Patients typically still are good
candidates for treatment despite prior
therapy.
Clearly deﬁned population with relative
homogeneity in terms of disease
refractoriness and susceptibility to
toxicity
Establishment of market niche for
registration
Enable comparison of outcomes in a
noncomparative trial with historically
treated populations

*

*

*

*

*

*

Exclusion based on prior
exposures to speciﬁc
treatments

Concerns about interference
with action of trial agent
(effectiveness and/or
toxicity)

*

Typically, exclusion of exposure to drugs
of the same class, with similar mechanism
of action and, therefore, likelihood of
adverse interaction with effectiveness or
safety of trial agent

of drug efﬁcacy, and promoting patient centeredness. The recommendations reﬂect the general position that as a default, minimal eligibility
restrictions based on prior therapy should be implemented. The
working group encourages critical thinking about the appropriate use
of eligibility criteria based on prior therapies by considering the need to
balance the goals of scientiﬁc rigor, and trial efﬁciency, with the goal of
broader clinical trial inclusivity.

*

*

Exclusion of healthy individuals, often
long-term beneﬁciaries of prior therapy
with recent disease progression (e.g.,
long-term cancer survivors with
subsequent disease)
Progression to metastatic disease after
prior systemic adjuvant therapy is a
common scenario with arbitrary time
interval rules for inclusion/exclusion
Risks of requiring prior therapy in the face
of potentially more effective or safer
novel treatment, especially in rare or
clinically aggressive disease, when
available standard treatment is modestly
effective or highly toxic
Violation of patient autonomy/threat to
principle of beneﬁcence
Comparisons across clinical trials and
over different time frames and
populations, even of ostensibly similar
groups, is rife with unknown bias, is
statistically unsound, and should be
discouraged. Furthermore, restricting
access to clinical trials in relatively
uncommon diseases is particularly
wasteful
“Indication creep” occurs in real-world
practice, creating exposures with
unknown safety or efﬁcacy
Optimal time to identify adverse safety
and/or efﬁcacy signals is under the
auspices of a clinical trial with greater
standardized data collection and
evaluation than in routine practice
Potential missed opportunity to detect
new efﬁcacy signals that can expand
market share
Expansion of eligible cohorts promotes
accrual, timely trial completion, with
associated cost savings
Given greater success rates and less
toxicity of drugs with well-deﬁned
mechanisms of action, ethical dilemma
created with potential loss of opportunity
for access to beneﬁcial treatment, in
violation of patient autonomy and the
principle of beneﬁcence
Comparisons with historical populations
spurious and invalid
Potential missed opportunity for
detection of differential activity
Increasing population of long-term
survivors who have had remote prior
exposure and no residual effects from
prior therapy

Discussion
Traditionally, clinical trials specify prior therapies that are either
required for inclusion or exclusion of patients from participation.
Tightly controlled eligibility criteria are thought to optimize conditions to test the safety and efﬁcacy of an investigational therapy (21, 22).
The working group characterized scenarios under which the use of
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prior therapies as exclusion criteria (i.e., no prior therapy or no prior
therapy of a certain type allowed) or as inclusion criteria (i.e., a deﬁned
number and/or type of prior therapies required for eligibility), may be
appropriate. We further outlined the rationale for, and the pros and
cons of, these scenarios (Table 2). We avoided scenarios in which prior
therapies might be speciﬁed to exclude overlapping exposure to prior
and new therapy (i.e., washout periods), deferring to the ASCOFriends Working Group on Washout Periods and Concomitant
Medications, which was charged with the task of addressing this
important topic.
For example, to “optimize for safety,” prevailing practice may be
to specify a maximum number of prior therapy exposures, to
minimize the risk that heavily pretreated patients may be more
likely to experience excessive toxicity. Another common practice
may be to limit prior exposure to speciﬁc types of prior therapies
whose toxicities potentially overlap those of the experimental
therapy, such as would be the case for potentially irreversible
toxicities, like bone marrow toxicity, neuropathy, or cardiotoxicity.
However, the concerns for excess toxicity may be more appropriately addressed by requiring resolution or improvement in the
toxicities of concern, rather than by implementing broad exclusions
based upon exposure to prior therapies.
Eligibility criteria may also be designed to “optimize for efﬁcacy” by
deﬁning a study population that is comparable with historical trials to
permit an evaluation of improvements in outcomes with the new
therapeutic in noncomparative trials. Trial designers may seek to
deﬁne a study population that is most likely to respond to the treatment
being studied. For example, positioning a second-generation agent
targeting resistance mutations where either relapse after a ﬁrstgeneration compound has selected for the acquired resistance mutation or designing upfront treatment for an ab origin mutation (23, 24),
or limiting the number of prior treatments to minimize the risk that
heavily pretreated patients with refractory disease will bias trial results
against treatment response (25, 26). This raises the fundamental
question whether restricting patients from enrollment in a clinical
trial solely based on prior therapy is justiﬁable to show the best
outcome of the trial treatment for a speciﬁed patient population or
whether it is more advantageous to open up patient eligibility to enable
quantiﬁcation of outcomes across the spectrum of potential clinical use
scenarios (22, 27).
In addition to safety and efﬁcacy considerations, the intent of the
trial is an important consideration. A trial designed to evaluate safety
and effectiveness of an investigational agent for the purposes of gaining
marketing licensure may seek to enroll patients with an unmet medical
need, for example, patients with advanced refractory disease who have
exhausted currently available treatment options, for whom clinical
trials may be the only potential treatment option (28, 29). A trial
may be designed to compare a new investigational agent against a
standard-of-care treatment in a particular treatment setting, such as
a speciﬁc line of therapy or treatment with a particular class of
drugs (30, 31). In this case, trial designers often insist that a study
population be na€�ve to any treatment or restricted to a population
that has received a minimum or maximum number, or certain
speciﬁc types, of prior therapies.
Advances in the understanding of the biological underpinnings of
cancer have facilitated the development of therapies that are based on
key tumor characteristics, such as gene and protein expression proﬁles,
have relatively well-understood mechanisms of action, are often effective irrespective of prior drug exposures, and have a wider therapeutic
index (2–5, 32–38). This has mostly rendered obsolete the clinical
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rationale for eligibility criteria that specify requirements for prior
therapy, simultaneously raising the ethical dilemma of the opportunity
cost to the patient, of arbitrary patient selection criteria based on prior
therapy (18, 19, 39). Patients increasingly seek access to promising
drugs in development, particularly those that treat rare or clinically
aggressive cancers. Mandating prior exposure to marginally effective or
excessively toxic treatments, in theory, may delay or prevent access to
potentially more beneﬁcial novel treatment. Conversely, blanket exclusion of patients who have received any prior treatment may prevent
otherwise healthy patients with disease progression from gaining access
to potentially health-preserving new treatments.
Finally, the implementation of prior therapy criteria in the absence
of scientiﬁc or clinical rationale may unnecessarily restrict the postapproval target population and delay evaluation of a new drug’s
efﬁcacy and safety in the wider population that may ultimately receive
the drug once it is approved (40). Limiting patient access to clinical
trials based either on exposure to prior therapies or the requirement for
patients to have progressed after speciﬁc therapies limits patient access
to clinical trials and may signiﬁcantly slow trial accrual or compromise
completion of these trials.
Conclusion
The discovery of highly effective anticancer treatments, and
the technologies that enable the selection of patients with targetable
genomic alterations, has resulted in the traditional line-of-treatment
demarcations becoming increasingly blurred. Ultimately, the inclination to conduct clinical trials in homogeneous populations for more
robust comparisons (internal validity) must be ﬁnely balanced against
the pragmatic need to test novel therapies in the “real-world” populations that will eventually be exposed to approved treatments (external
validity; ref. 40), as well as the concept of patient centeredness, and the
ethical principles of distributive justice and beneﬁcence. The Institute
of Medicine, now National Academy of Medicine, deﬁned patient
centeredness as “responsiveness to the needs, values, and expressed
preferences of the individual patient” (41). In 2010, the same body
recommended that the NCI, Cooperative Groups, and physicians
should take steps to increase the speed, volume, and diversity of
patient accrual and to ensure high-quality performance at all sites
participating in cooperative group trials. As an example, they recommended that they should “encourage patient eligibility criteria that
allow the broadest participation possible” (42).
Clinical trial designers and sponsors should clearly justify any
restrictions based on prior therapies. The working group’s overarching
consideration in making these recommendations was to promote
patient-centered clinical trials with the minimum entry criteria needed
to ensure participant safety and broad access. We hope these recommendations will be widely adopted by key stakeholders, especially
designers, sponsors, and regulators of clinical trials.
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ABSTRACT
◥

Purpose: Washout periods and concomitant medication exclusions are common in cancer clinical trial protocols. These exclusion
criteria are often applied inconsistently and without evidence to
justify their use. The authors sought to determine how washout
period and concomitant medication allowances can be broadened to
speed trial enrollment and improve the generalizability of trial data
to a larger oncology practice population without compromising the
safety of trial participants.
Experimental Design: A multistakeholder working group was
convened to deﬁne problems associated with excessively long washout
periods and exclusion of patients due to concomitant medications. The
group performed a literature search and evaluated study data from the
Pancreatic Cancer Action Network (PanCAN), Emory University

Introduction
Patient access to evidence-based experimental treatments is associated with improved outcomes in the cancer population (1). Expediting enrollment into therapeutic clinical trials in cancer is dependent
on removing barriers to patient participation, such as overly restrictive
eligibility criteria. Trials that adopt criteria safely reﬂecting populations most commonly seen in daily practice are more likely to accrue
rapidly and be applicable to greater numbers of patients.
Approximately 20% of patients are ineligible for trials on the basis of
commonly employed eligibility criteria (2). This makes a strong case
for critical analysis of areas where eligibility criteria may be expanded
safely. Prior work by American Society of Clinical Oncology (ASCO)
and Friends of Cancer Research (Friends) recommended numerous
areas where expanded eligibility should be employed (3). This list was
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School of Medicine (Atlanta, GA), and the FDA to understand recent
approaches to these eligibility criteria. The group convened to develop
consensus recommendations for broadened eligibility criteria.
Results: The data analysis found that exclusion criteria based on
washout periods and concomitant medications are frequently
inconsistent and lack scientiﬁc rationale. Scientiﬁc rationale for
appropriate eligibility criteria are presented in the article; for
washout periods, rationale is presented by treatment type.
Conclusions: Arbitrary or blanket washout and concomitant
medication exclusions should be eliminated. Where there is evidence to support them, clinically relevant washout periods and
concomitant medication–related eligibility criteria may be included.
See related commentary by Giantonio, p. 2369
extensive, but a number of barriers remain. Our working group was
formed to evaluate two commonly perceived barriers: washout periods
from recent therapies/interventions and prohibited concomitant
medications.
A washout period is deﬁned as a time between treatment periods
that is intended to prevent misinterpreting observations about studyrelated treatments that were actually due to prior therapies. Generally,
washout/waiting periods prior to enrollment are employed in cancer
trials following surgery, radiation, cytotoxic chemotherapy, smallmolecule/tyrosine kinase inhibitors, monoclonal antibodies (with and
without drug conjugates), and immunotherapies.
Prohibited concomitant medications create eligibility and timing
challenges, because patients receiving anticancer therapies often have
comorbidities that require drug therapy, such as pain, diabetes, or
gastrointestinal or cardiovascular disorders. While some medications
may be necessarily prohibited early in investigational agent development, prolonged prohibition across trial phases reduces the applicability of a therapy to a broader patient population in trials and
following approval.
Current applications of washout period and concomitant medication eligibility criteria are discussed in Table 1. Reducing and/or
eliminating a need to include time-based washout periods and prohibit
concomitant medications may facilitate both clinical trial participation
and greater generalizability of the research ﬁndings to a larger oncology practice population.

Process
The multistakeholder group identiﬁed concerns regarding
washout periods and prohibited medications, with a focus on
broadening eligibility criteria as much as possible to increase

Reprinted from Harvey RD, et al. Modernizing Clinical Trial Eligibility Criteria: Recommendations of the ASCO-Friends of Cancer
Research Washout Period and Concomitant Medication Work Group. Clin Cancer Res. 2021 May 1;27(9):2400-2407. doi: 10.1158/10780432.CCR-20-3855. Epub 2021 Feb 9. PMID: 33563635; PMCID: PMC8102304 with permission from AACR.
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Translational Relevance
Washout periods for prior treatments and interventions limit
timely accrual and evidence generation and may prevent patient
enrollment without adding safety measures or preventing misinterpretation of efﬁcacy results. Exclusion of patients who require
concomitant medications for comorbidity or supportive care management prevents early understanding of investigational agent
tolerability and dosing in those likely to receive the treatment after
approval. Less restrictive requirements for prior therapy washout
periods and concomitant medication use, in many instances,
should be considered and may facilitate both clinical trial participation and greater generalizability of the research ﬁndings to a
larger oncology practice population.

efﬁciency of enrollment and potentially diversify enrolled populations to include greater numbers of patients with comorbidities
and chronic medication management needs. The group’s observations of current and ideal eligibility criteria and trial design related
to washout periods and concomitant medications are described in
Table 2.
A literature search was performed to understand the historical rationale and background of common eligibility
criteria, particularly for washout periods. Because of the relative
lack of information obtained, additional data were pursued
from three datasets: a series of trials in the Pancreatic Cancer
Action Network (PanCAN) portfolio, a sampling of trials performed at the Winship Cancer Institute of Emory University
(Atlanta, GA), and a review of new approvals in 2018 by
the FDA.

Data Analysis
PanCAN trial dataset
Eligibility criteria for industry-, institutional-, and NCI-sponsored
metastatic pancreatic adenocarcinoma treatment studies were
reviewed to evaluate the need for speciﬁc recommendations related
to washout periods and concomitant medications. Eligibility criteria
from 16 phase III (including one seamless phase II/III) trials in the
PanCAN database between 2010 and 2019 were evaluated (Table 3).
Eligibility criteria from corresponding phase I and II trials studying
treatments that advanced to phase III trials listed in PanCAN’s
database or on clinicaltrials.gov were also evaluated. In total, 34 trials
studying 15 unique investigational agents were evaluated.
Studies were evaluated for washout periods for prior radiotherapy, chemotherapy, monoclonal antibodies, immunotherapy, and
investigational agents. Washout periods for surgery, corticosteroids, blood cell stimulating drugs, antibiotics, and hormone therapy were also noted when indicated. When treatment-speciﬁc
washout periods were not available as a result of inadequate details
about entry criteria, more general exclusion criteria that would
likely include these speciﬁc treatments were included (e.g., “washout from all prior systemic treatment”).
Results showed a lack of consistency in washout periods from trial to
trial, regardless of study phase and type of therapy, with most trials not
mentioning a washout period in eligibility criteria. There was also a
lack of consistency when reviewing how washout periods for therapies
change over time as an investigational agent moves from earlier phase
to later phase trials. While the washout periods often stayed the same
for many types of therapies as an investigational agent moved to later
phase testing, in some instances the washout periods decreased,
increased, or were removed altogether. A rationale for washout periods
was rarely provided. Our review demonstrated that about 50% of
studies included time-based washout periods from 14 to 28 days.

Table 1. Deﬁnitions and applications of washout periods and prohibited concomitant medications.
Washout periods
Deﬁnition: a washout period is deﬁned as a time between treatment periods that is intended to prevent clouding of information from one intervention to
the next.
Application: washout/waiting time periods prior to enrollment are identiﬁed in protocols following surgery, radiation, cytotoxic chemotherapy, smallmolecule/tyrosine kinase inhibitors, monoclonal antibodies (with and without drug conjugates), and immunotherapies.
Historical rationale: each aspect of a protocol-required washout period may have a different historical rationale, including prevention of untoward adverse
events (e.g., wound healing after surgery and cytopenias), drug interactions (e.g., tyrosine kinase inhibitors overlapping with investigational agents),
and incorrect adverse event attribution (e.g., late effects with immunotherapies). While in many cases these may be associated with theoretical
concerns, they are often irrelevant to clinical practice.
Example: protocol-based treatment vs. clinical practice, a protocol may require a 21-day washout period from a daily oral EGFR-directed tyrosine kinase
inhibitor; whereas in practice, a patient would be rapidly transitioned to next-line therapy after knowledge of progressive disease, with the only interval
between doses being that required for insurance approval. These agents have short half-lives, and in some instances, discontinuation may be associated
with a disease ﬂare, making rapid transitions to next-line therapies critical (19, 20).
Concomitant medications
Deﬁnition: a concomitant medication is any drug or dietary supplement that a study participant uses in addition to the treatment under investigation.
Application: on average, patients with cancer take ﬁve chronic noncancer medications, not including those that may be used to manage adverse events
associated with anticancer therapy (21). As patients age, the prevalence of comorbidities and associated polypharmacy increases (22).
Historical rationale: exclusion of concomitant medications is intended to prevent adverse drug interactions that may affect pharmacokinetics assessment,
increase adverse event risks, and in rarer cases, reduce anticancer agent efﬁcacy.
Example: protocol-based treatment vs. clinical practice, protocols often prohibit patients from taking ondansetron in any dose or route due to fears of QTc
prolongation with an investigational agent; however, oral ondansetron is used widely and commonly in practice. The risk of QTc prolongation is solely
due to high-dose intravenous ondansetron use and has not been shown with the oral route (23).
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Table 2. Working group observations related to washout period- and concomitant medication–based trial design.
Current state
Real-time learning of adverse event proﬁles and pharmacology applicable to washout periods and concomitant medication prohibition is often not
reﬂected in updated protocols.
A lack of data exists regarding patients not enrolled on trials due to extensive washout periods or inability to change or discontinue a prohibited
medication.
Washout periods are essentially nonspeciﬁc surrogates for a clinical (e.g., adverse event) or laboratory (e.g., absolute neutrophil count) measurement that
are included to ensure participant safety and prevent confounding of observations (safety or efﬁcacy) on trial.
Lack of rationale for or speciﬁcity regarding washout period and concomitant medication exclusions can cause patient confusion about why they are
ineligible for certain trials.
Optimal state
Although postmarketing development of drugs occurs, it is optimal and possible to have complete data on concomitant medication allowances at
approval.
Evaluating potential safety and pharmacology interactions, such as QT interval prolongation studies and drug–drug interaction studies, early in drug
development can liberalize concomitant medication allowances during later phases of drug development.
Nonclinical tools, such as in silico modeling, should be optimized to potentially minimize exclusion of medications and/or reduce required sample sizes in
trials.

(Table 4). The majority were early-phase trials with pharmaceutical
sponsors, and primarily included investigational oral small molecules alone or in combinations. Each trial was assessed for required
washout periods for surgery, radiation, chemotherapy, monoclonal
antibodies, immunotherapy, and investigational agents. Of the 102
trials, 36 were silent for a washout period from surgery. The
remainder are listed in Table 4. Overall, washout periods varied;
however, many categories had similar proportions in the ≤14 and

In reviewing the concomitant medications data, the most commonly
excluded concomitant medications were infectious disease treatments
and anticoagulants. As with washout periods, rationale for the
exclusion of these concomitant medications was rarely provided.
Emory dataset
A series of 102 trials, across phases, was retrospectively evaluated for
both washout periods and allowance of concomitant medications

Table 3. Summary of PanCAN data review.
Washout periods as I/E criteria

Radiation
Chemotherapy
Monoclonal antibodies
Immunotherapy
Investigational agents
Surgery

14 days

21 days

28þ days

No washout period
I/E criteria

11.76%
23.53%
11.76%
14.71%
20.59%
8.82%

2.94%
5.88%
5.88%
5.88%
5.88%
14.71%

26.47%
5.88%
2.94%
2.94%
20.59%
47.06%

58.82%
64.71%
79.41%
76.47%
52.94%
29.41%

Change in washout periods with later-phase trials

Radiation
Chemotherapy
Monoclonal antibodies
Immunotherapy
Investigational agents
Surgery

Shorter

Same

Longer

Not allowed

6.67%
0.00%
0.00%
0.00%
6.67%
0.00%

33.33%
33.33%
40.00%
40.00%
13.33%
66.67%

0.00%
6.67%
0.00%
0.00%
0.00%
20.00%

40.00%
33.33%
33.33%
33.33%
26.67%
0.00%

Silent

Added

13.33%
13.33%
0.00%
6.67%
20.00%
6.67%

6.67%
13.33%
26.67%
20.00%
33.33%
6.67%

Most commonly excluded concomitant medications
Antibiotics
Other anti-infectives
Antifungals
Anticoagulants
Corticosteroids
Growth factors

35.29%
29.41%
26.47%
17.65%
2.94%
2.94%

Abbreviation: I/E, inclusion/exclusion.
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Table 4. Summary of Emory data review.
Trial characteristics (N ¼ 102)
Phase
I
I/II
II
III (2 seamless trials)
Sponsor
Pharmaceutical
National Cancer Institute (NCI)
Academic center
Performance status allowed
0–1
0–2
0–3
Investigational agent type
Small moleculea
Monoclonal antibodya
Chemotherapya
Antibody–drug conjugate

%
37%
22%
28%
13%
77%
11%
11%
42%
55%
3%
66%
21%
8%
5%

Trial washout periods for prior treatments

Radiation (n ¼ 87)
Chemotherapy (n ¼ 93)
Monoclonal antibody (non-IO; n ¼ 78)
Immunotherapy (n ¼ 75)
Investigational agent (n ¼ 88)

CYP isozyme

≤14 days

21 days

≥28 days

47%
34%
24%
30%
19%

9%
20%
7%
12%
16%

27%
37%
45%
31%
46%

Exclusions for concomitant medications
Inducers
Inhibitors

3A4/5
2D6
2C8/9
1A2
2C19

39%
2%
2%
4%
2%

40%
2%
3%
10%
3%

Substrates
9%
2%
3%
2%
1%

sample of products spanning a diverse range of molecules, novel
targets, and therapeutic areas. The FDA working group members
reviewed characteristics of registrational trials speciﬁc to concomitant medications and washouts, as outlined in the publicly available
FDA product reviews and product labeling. For washouts, the FDA
analysis included whether trials included periods for chemotherapy
agents, monoclonal antibodies, immuno-oncology agents, prior
investigational agents, and radiotherapy. For concomitant medications, the FDA analysis focused on whether CYP exclusions, drug–
drug interactions, and concomitant medication allowances were
included in registrational trial protocols.
The FDA analysis evaluated a variety of products, including therapies for solid and hematologic malignancies. A variety of types of
molecular entities were reviewed for this analysis, including
small molecules, monoclonal antibodies, radiolabeled analogues, and
enzymes. Of the 19 NMEs approved in 2018, there was a wide range
of washout periods speciﬁed in the registrational trials. Frequently,
protocols included blanket language encompassing prior chemotherapy, radiation, and surgery. The most frequently used washout period
ranged between 14 and 28 days, however, some protocols did not
specify any washout period, and the longest washout period was
3 months. Overall, there was heterogeneity in washout periods speciﬁed in registrational protocols, even among similar therapeutic classes
and diseases, and absence of rationale was common.
Prohibited concomitant medications were also speciﬁed in a heterogenous manner. Many trials of small molecules prohibited the use
of CYP3A4 substrate medications, and washout periods varied greatly.
For example, one trial used clear language regarding CYP3A4: “the
concomitant use of drugs or foods that are strong inhibitors or
inducers of CYP3A are not allowed,” whereas another protocol used
less deﬁnitive language: “coadministration with moderate/strong
CYP3A4 inhibitors was not recommended. However, such medications could be used with caution and only if considered medically
necessary. . .” As with washout periods, this analysis revealed a dearth
of rationale for prohibited concomitant medications included in these
registrational trials.

a

Includes combinations.

Recommendations
≥28 day timeframes, suggesting periods were not uniformly selected
regardless of investigational agent mechanism of action (MOA).
Exclusions for concomitant medications were also evaluated,
and common classes leading to ineligibility included corticosteroids (60%), antifungal agents (36%), anticoagulants (15%), human
immunodeﬁciency virus therapy (13%), other anti-infectives
(12%), and gastrointestinal medications (11%). Drug–drug interactions leading to exclusions were also evaluated, with a focus on
agents that are metabolized by or affect the cytochrome P450
(CYP) enzyme system. Of 102 trials, 49 excluded some type of
CYP agent. The most common isozyme leading to exclusions was
CYP 3A4/3A5, with similar numbers for agents that induce and
inhibit the pathway. The frequency of this exclusion aligns with
this isozyme’s role in the metabolism of approximately 60% of
orally administered drugs (4, 5).
FDA data
The FDA analysis focused on new molecular entities (NME)
that were approved in 2018 across all therapeutic areas within the
Ofﬁce of Hematology and Oncology Products (6). The rationale for
this selection method of recently approved NMEs was to obtain a
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The consensus recommendations below are made in consideration
of the beneﬁts and risks to broadening criteria described above. These
recommendations should inform sponsors and investigators as they
draft study eligibility criteria, but are not intended as template
language for trial protocols. Eligibility criteria should be tailored to
the investigational treatment and patient population. For that reason,
the recommendations are inclusive, rather than speciﬁc and prescriptive. Recommended language such as “clinically signiﬁcant expected
adverse event” should be replaced or supported by disease- and drugspeciﬁc, evidence-based examples.
Washout periods
(i) Time-based washout periods should be removed from protocol
eligibility criteria in most cases. Any inclusion of time-based
washout periods should be scientiﬁcally justiﬁed and clearly
speciﬁed.
(ii) Relevant clinical and laboratory parameters should be used in place
of time-based washout periods to address safety considerations.
(iii) Potential trial participants should have recovered from clinically
signiﬁcant adverse events of their most recent therapy/intervention prior to enrollment.

Table 5. Historical rationale for common time-based washout period eligibility criteria and key considerations for scientiﬁcally justiﬁed
washout eligibility criteria, by treatment type: chemotherapy, small-molecule inhibitors, monoclonal antibodies, and antibody–drug
conjugates.
Treatment type
Chemotherapy

Key shortcomings of common/historical
washouts
*

*

Small-molecule inhibitors
(including, but not limited to
TKIs, serine and threonine kinase
inhibitors, cyclin-dependent kinase
inhibitors, MEK inhibitors, and
tropomyosin kinase inhibitors)

*

*

*

*

Monoclonal antibodies
(therapeutic tumor-targeted proteins
with variable fragments engineered for
epitope binding and based on IgG1 or
IgG4 backbones)

ADCs
(a subset of monoclonal antibodies
that comprise a monoclonal antibody,
a linker, and a therapeutic payload)

*

*

Many protocols include requirements for
washout periods from prior therapy, often
ranging from 14 to 28 days, yet a literature search
yielded little in the way of published rationale for
time-based washout periods from cytotoxic
chemotherapy.
Treatment delays are a risk to patients who
demonstrate radiographic progression, and
screening periods may be employed to establish
required intervals between radiographic
evaluation.
EC are not routinely updated to reﬂect differing
MOAs, elimination half-lives, and toxicity proﬁles
of targeted therapies.
Much of the trial language surrounding kinase
inhibitors is the same as cytotoxic agents,
antibodies, or other cancer treatments with
prolonged washouts without justiﬁcation.

Key considerations for scientiﬁcally justiﬁed
washouts
*

*

*

The rationale for the differences with agents with
minimal acute and chronic toxicity proﬁles is not
well elucidated.
An approach to ensure patient safety from
treatment withdrawal complications has yet to
inﬁltrate protocol design, despite extensive
documentation of effects, such as TKI withdrawal
disease ﬂare.
– For example, gastrointestinal stromal
tumors have a unique biology with rapid
disease progression when imatinib is
removed after prolonged beneﬁt (9).
Monoclonal antibody therapies have more
pharmacologic consistency than other agents
(e.g., oral therapies), allowing for more
predictable distribution and elimination, with
typical half-lives ranging from 14 to
21 days (12). Despite this consistency, washout
periods in EC are highly variable, suggesting
history rather than pharmacology-driven
timing.
Payloads utilized to date have been agents such
as maytansinoids and topoisomerase inhibitors
that are in actuality chemotherapeutic agents,
with cytopenias and other conventional acute
adverse effects. Washout periods following
these agents have varied and have often not
been speciﬁed for this class; however, their
growing use warrants discussion.

*

*

*

*

*

The typical 28-day washout period on the basis of
the anticipated time for patients to recover from
side effects of prior chemotherapy is no longer
scientiﬁcally justiﬁed in many cases.
– For example, in the era of growth factors,
3–4 weeks are not necessarily required for
myelosuppression recovery.

Many targeted agents have rapid time-to-peak
concentration, as well as abbreviated elimination
half-lives, a unique property (e.g., compared with
monoclonal antibodies).
The MOA of a given TKI on the tumor and the
effects of any speciﬁc TKI on other factors related
to the natural history of a given cancer or
anticipated clinical course of a trial participant
must be understood prior to initiation of treatment.
This is imperative for the safety of the patient not
only for treatment-related side effects, but also for
treatment withdrawal effects.
– For example, when outcomes of patients with
advanced renal cell carcinoma treated with
TKIs before and after cytoreductive
nephrectomy are compared, complication
rates are variable, but most note potential
delayed wound healing and exacerbation of
underlying medical conditions speciﬁc to
perioperative VEGF-targeting TKIs (8).
Concerns of clouding investigational therapeutic
efﬁcacy are minimal when the most recent
therapy has failed the patient.
Because of the target speciﬁcity, concrete
consideration of adverse events associated with
monoclonal antibodies and their impact on next
treatments may be determined in the absence of
an arbitrary time period.
For eligibility purposes, ADCs may be considered
for washout periods as two different drugs, the
monoclonal antibody and the payload.
The targeted component of the monoclonal
antibody portion of the ADC can be
considered for its speciﬁcity and contribution to
a potential adverse event for an investigational
agent or regimen.
Like cytotoxic chemotherapy, recovery from
toxicities following ADCs are best measured by
laboratory and clinical parameters, rather than
timeframes. Rarely will a simple time period be
justiﬁed, adequate, or necessary for ensuring
safe and clear management of patients enrolled
on trials.

Abbreviations: ADC, antibody–drug conjugate; EC, eligibility criteria; TKI, tyrosine kinase inhibitor.
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Table 6. Historical rationale for common time-based washout period eligibility criteria and key considerations for scientiﬁcally justiﬁed
washout eligibility criteria, by treatment type: radiotherapy, surgery, and immunotherapies.
Treatment type

Key shortcomings of common/historical washouts

Radiotherapy

Key considerations for scientiﬁcally justiﬁed washouts
*

*

*

Surgery

*

*

Immunotherapies

*

As noted in the PanCAN dataset, eligibility washout timeframes
following surgery vary greatly, and are often not mentioned, even
within a single cancer type (Table 1).
Differing approaches (laparoscopic vs. open), invasiveness,
anesthesia employed, and anatomic location are some of the
variables that may impact recovery from the variety of
surgeries that patients with cancer may undergo prior to
trial enrollment. This heterogeneity suggests that the
underlying rationale for including a speciﬁed number of days or
weeks, rather than more speciﬁc parameters for recovery
following a procedure, is arbitrary and should be removed from
protocols.
Trials should not default to historical washout periods based on
time or pharmacokinetic parameters (e.g., half-life), as this
approach is both impractical and may not be in the patient's best
interests, particularly since a new regimen on a trial has most likely
been selected because of cancer progression.

*

*

*

*

CNS edema postradiation: to realize all the potential beneﬁts
of enrolling patients with brain metastases and gather realworld experience of such patients, eligibility requirements
should establish a 14-day washout after stereotactic
radiotherapy or whole-brain radiotherapy for patients as a
standard (13).
Myelosuppression risk: postradiotherapy myelosuppression risk is
based on the percentage of active bone marrow irradiated, so the
percentage of total bone marrow activity by bony site is helpful in
determining the RR of marrow acute side effects from
radiotherapy (14).
Acute mucosal membrane reactions to radiation: deﬁned washout
period times following standard palliative radiotherapy to mucosal
or other surfaces are better replaced by clinical observation,
particularly because adverse events will be low-grade and selflimited in nature in most patients.
Speciﬁc clinical and medical assessment should be employed to
ensure potential trial volunteers are functionally prepared and
healed to safely receive investigational therapies.
For postsurgery treatment as with other treatments, arbitrary time
periods do not reﬂect or replace clinical judgment, are part of a
combination of EC that often overlap to ensure safety (e.g.,
laboratory values and performance status), and cannot be expected
to be broadly applicable across multiple patients and procedures.

Pharmacologically, this class of agents includes a variety of
molecules designed to modulate antitumor immune responses, and
that often have an extended period of time for onset of both clinical
activity and adverse events.
The tempo of median onset and resolution of irAEs have to be
considered when patients transition from immunotherapies on
trials or in the clinic to investigational agents.
Median time to resolution of irAEs of 12 weeks has been
generally consistent among immune checkpoint inhibitor
agents (e.g., initial reports of ipilimumab; ref. 10).
Data support rapid subsequent trial enrollment when
coupled with an initial understanding of investigational
agent adverse event proﬁles and experience in adverse
event attribution.
A recent study showed that up to 25% of patients may
experience new or worsening irAEs (most commonly
hypothyroidism) after 6 or more months of therapy, but only
2.5% will experience a deepening of response after
6 months (23).
Late occurring irAEs that may cloud attribution to a single drug
or regimen on study have to be accounted for prior to
enrollment.
A thorough history of agent(s) given, timing of treatment,
irAEs experienced, and understanding of the timing of
common late effects may assist in differentiating late effects
from prior therapies versus new effects from investigational
ones.
It may be more useful to stratify study participants based
on prior immunotherapy use and to avoid washout periods
in the absence of unresolved irAEs that threaten participant
safety.
*

*

*

*

*

*

Abbreviations: CNS, central nervous system; EC, eligibility criteria; irAE, immune-related adverse events.
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Concomitant medications
(i) Concomitant medication use should only exclude patients from
trial participation when clinically relevant known or predicted
drug–drug interactions or potential overlapping toxicities will
impact the safety of trial participants or compromise efﬁcacy.

Scientiﬁc Rationale for Washout
Periods by Treatment Type
Arbitrary time periods do not reﬂect or replace clinical judgment,
are part of a combination of eligibility criteria that often overlap to
ensure safety (e.g., laboratory values and performance status), and
cannot be expected to be broadly applicable across multiple patients
and procedures. Sponsors and investigators should provide the
scientiﬁc rationale for washout periods when developing and
implementing protocols, rather than relying on historic precedent
that may not be appropriate for the treatment or disease being
studied.
The group reviewed the rationale for common time period–based
washout eligibility criteria for seven treatment types [chemotherapy,
small-molecule inhibitors (1, 2 , 4, 5, 8, 9), immunotherapies (3, 10, 11),
monoclonal antibodies (12), antibody–drug conjugates, radiotherapy (6, 7, 13–15), and surgery], where it was available. Tables 5 and 6
outline the shortcomings of these common eligibility criteria and
present key patient responses and safety considerations (e.g., potential
risk of and recovery from clinically signiﬁcant adverse events) that
should guide clinical assessment of patient readiness for initiation of a
new treatment.

Scientiﬁc Rationale for Excluding
Certain Medications
As with washout periods, exclusion of concomitant medications
during protocol-driven treatment should be supported by scientiﬁc
rationale. Clearance and elimination of many investigational agents
are predictable based on agent type, molecular weight, and/or other
physicochemical characteristics. These more predictable agents (e.g.,
monoclonal antibodies) have known pharmacokinetic properties, and
have a very low a priori likelihood of being involved in drug interactions. Other drugs under investigation, such as many oral small
molecules, have a higher likelihood of being substrates, inducers, or
inhibitors of metabolic clearance or transporter pathways, and therefore, must be approached more conservatively when considering
which concomitant medications should be allowed. Although the
preclinical ability to predict interactions has improved over time, no
model or approach has sufﬁciently replaced dedicated studies in
patients (16). Another consideration is actual oral bioavailability of
a novel formulation and the effects of coadministration of agents that
affect gastric pH (antacids, H2 antagonists, and proton pump inhibitors) and/or gastric emptying (food). Because these are unknown,
many trials require patients to fast for 2–8 hours prior to and up to
4 hours following ingestion of an investigational agent, as well as
prohibit agents that affect gastric pH. Also, as these drugs are available
over the counter and prescribed in up to 55% of patients with cancer, it
is important to mitigate the effect on investigational agents as early as
possible in development and allow for their use in a general
population (17).
Because the presence of concomitant medications can result
in drug–drug interactions that affect the safety proﬁle and
interpretation of efﬁcacy of an investigational drug, there are

understandable concerns regarding loosening restrictions on concomitant medications in clinical trials. Unfortunately, polypharmacy tends to be common in patients with cancer, who also tend to
be an older population, with multiple comorbid conditions that may
require medical management. A review conducted by LeBlanc and
colleagues reported the number of prescribed drugs in patients
ranged from 3 to 9.1 (18). Without prior nonclinical knowledge of
the potential effects of concomitant medications on investigational
drug’s pharmacokinetics and pharmacodynamics, many concomitant drugs are prohibited in early-phase clinical trials to ensure
patient safety, reduce variability of responses, and ensure optimal
conditions for proof of concept. This stringent exclusion of concomitant medications is often duplicated in later phases of drug
development without much consideration of how growing nonclinical or clinical knowledge may support broader inclusion of
concomitant medications.
Clinical pharmacology studies should be conducted as early as
possible in drug development to inform concomitant medication use
in eligibility criteria. Formulations of oral investigational agents should
be optimized as early as possible in drug development to minimize
absorption interactions and pharmacokinetic variability and inform
allowance of concomitant medications as early as possible. Concomitant medication allowances should be broadened in later phase trials
so that safety is assessed in the premarket setting.

Conclusion
Washout periods and concomitant medication exclusions are common in cancer clinical trial protocols. These exclusion criteria are often
applied inconsistently (across trials and between protocol-driven vs.
off-protocol treatment) and without evidence to justify their use.
Arbitrary or blanket washout period and concomitant medication
exclusions should be eliminated. Where there is evidence to support
them, clinically relevant washout periods and concomitant medication–related eligibility criteria may be included.
Information gained from preclinical studies and earlier trials about
investigational agent adverse event proﬁles and pharmacology should
be incorporated as early as possible in drug development to minimize
washout periods and liberalize concomitant medication allowances.
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ABSTRACT
◥

Purpose: Performance status (PS) is one of the most common
eligibility criteria. Many trials are limited to patients with highfunctioning PS, resulting in important differences between trial
participants and patient populations with the disease. In addition,
existing PS measures are subjective and susceptible to investigator
bias.
Experimental Design: A multidisciplinary working group of the
American Society of Clinical Oncology and Friends of Cancer
Research evaluated how PS eligibility criteria could be more inclusive. The working group recommendations are based on a literature
search, review of trials, simulation study, and multistakeholder
consensus. The working group prioritized inclusiveness and access
to investigational therapies, while balancing patient safety and study
integrity.

Introduction
An important goal of the American Society of Clinical Oncology,
Friends of Cancer Research, and the oncology community at large is
broadening clinical trial eligibility criteria to enhance trial access and
accrual, and to ensure trial populations better reﬂect patients with the
disease (1). Performance status (PS) is one of the most common
inclusion/exclusion criteria in oncology trials. Many trials are limited
to high-functioning participants (i.e., “good” PS) and exclude lowfunctioning patients (i.e., “poor” PS; ref. 2).
Two main PS scales are utilized in oncology clinical trials: Eastern
Cooperative Oncology Group (ECOG; ref. 3) and Karnofsky (KPS)
scales (4). Multiple trials in various tumor types and settings have
demonstrated that low-functioning PS (i.e., ECOG PS, 2–4 and KPS ≤
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Results: Broadening PS eligibility criteria may increase the
number of potentially eligible patients for a given clinical trial, thus
shortening accrual time. It may also result in greater participant
diversity, potentially reduce trial participant and patient disparities,
and enable clinicians to more readily translate trial results to patients
with low-functioning PS. Potential impact on outcomes was
explored through a simulation trial demonstrating that when the
number of Eastern Cooperative Oncology Group PS2 participants
was relatively small, the effect on the estimated HR and power was
modest, even when PS2 patients did not derive a treatment beneﬁt.
Conclusions: Expanding PS eligibility criteria to be more inclusive may be justiﬁed in many cases and could result in faster accrual
rates and more representative trial populations.
See related commentary by Giantonio, p. 2369
70) is correlated with lower overall survival and progression-free
survival compared with high-functioning PS (ECOG PS, 0–1 and
KPS, 80–100; refs. 5–13). Because of this, PS is included as a common
eligibility criteria and stratiﬁcation factor. However, this practice
prevents trial enrollment for many patients and limits generalizability
of trial results. Select trials that have focused exclusively on participants
with low-functioning PS demonstrated patient and clinician interest
and enrollment (14–17). The underlying etiology for low-functioning
PS is also important; for patients whose low-functioning PS is due to
disease burden, investigational treatment may result in improved PS
with tumor control and symptom alleviation, especially with highly
effective treatments. However, current PS scales do not differentiate
causes of low-functioning PS.
In addition, there are limitations to PS assessments. PS is inherently
subjective, which can affect interrater reliability (18) and invite
potential bias particularly for patients at the borderline between values.
For example, studies have demonstrated that clinicians assign patients
aged >65 years higher numeric PS scores than younger patients, despite
no difference in objectively measured physical activity (19). In addition, PS is less predictive of cancer-related outcomes for older
adults (20, 21).

Materials and Methods
Because clinical trials frequently exclude PS2 patients, the working
group chose to focus on this category. To understand the potential
effect of including PS2 patients, the working group conducted a
simulation study, where randomized trials of a hypothetical agent
were simulated under various conditions. We also examined the
literature to identify the potential risks and beneﬁts of including PS2
patients on therapeutic clinical trials and evidence of the effectiveness

Reprinted from Magnuson A, et al.. Modernizing Clinical Trial Eligibility Criteria: Recommendations of the ASCO-Friends of Cancer Research Performance Status Work Group. Clin Cancer Res. 2021 May 1;27(9):2424-2429. doi: 10.1158/1078-0432.CCR-20-3868. Epub
2021 Feb 9. PMID: 33563633; PMCID: PMC8102305 with permission from AACR.
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Translational Relevance
Performance status (PS) is one of the most common eligibility
criteria, often resulting in exclusion of patients from trial participation and leading to clinical trial populations that are not
reﬂective of populations afﬂicted with the disease. Existing PS
tools are inherently subjective and invite bias. In addition, PS is less
predictive of outcomes for older adults. Broadening PS eligibility
criteria to be more inclusive can increase the number and diversity
of participants in clinical trials. Trial sponsors should justify any
exclusion of low-functioning PS patients and limit exclusions to
circumstances of participant safety and trial integrity. A multidisciplinary working group of the American Society of Clinical
Oncology and Friends of Cancer Research outlined several strategies to encourage broader trial eligibility criteria. Implementation
of these recommendations will require cooperation of multiple
stakeholders, and providing incentives for expanded PS eligibility
may support this effort.

Table 1. Risks and beneﬁts of expanding enrollment to patients
with worse PS.
Patients/prescribing
physicians
Beneﬁts

*

*

Earlier access to
investigational agents for a
larger population of patients
More complete safety and
efﬁcacy data to help inform
standard-of-care decisionmaking in the “real world”
once the agent is
commercially available

Sponsors/investigators
*

*

*

*

*

of PS2 as a prognostic factor, reviewed past and current clinical trials to
determine how often PS2 was included in inclusion/exclusion criteria,
and developed consensus recommendations on how PS eligibility
criteria could be revised while ensuring the safety of participants and
integrity of the trial, and additional areas for research.
Risks

Beneﬁts
Increase number of patients eligible and shorten enrollment time
Small, mainly single institution studies have demonstrated that of
patients deemed ineligible for a clinical trial, exclusion was related to
poor PS in a signiﬁcant proportion of patients, with variability across
disease type, investigational therapy, and therapy line (22, 23). Even if
other objective eligibility measures can be addressed, PS may remain a
broad factor that excludes many patients (Table 1).
Improve assessment accuracy, particularly in older adults
Most patients with cancer are aged ≥65 years, however, existing PS
scales are inadequate in this population (20). Restrictive PS eligibility
criteria contribute to the pervasive age disparity between trial participants and the overall cancer population, raising concerns about
whether PS is unjustly limiting older populations’ ability to participate
in trials (24–26). Multiple studies have demonstrated that other tools,
such as the geriatric assessment, are better than PS at evaluating older
adults’ overall health status (27) and at predicting chemotherapy
toxicity (20). While a full geriatric assessment may not be practical
due to length, subcomponents may provide a better functional assessment, such as instrumental activities of daily living that measure
functional independence.
Improve generalizability
Beneﬁts for patients with high-functioning PS may not reﬂect
outcomes for patients with low-functioning PS (28, 29). Many eligibility restrictions from registration trials, such as line of therapy or
cancer stage, are incorporated explicitly into the labeled indications
with the exception of PS limitations. Therefore, therapies tested only in
participants with high-functioning PS are administered to patients
with lower functioning PS. This extrapolation may occur more readily
with targeted and immunotherapies given greater efﬁcacy (30). Therefore, evaluation of an investigational agent in participants reﬂective of
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*

Potentially higher rates of
AEs

*

*

*

Greater ability to generalize
to “real-world” populations
Larger population of
potentially eligible patients
may afford faster clinical trial
accrual times
Efﬁcacy/tolerability in an
understudied population
provides more informative
drug labeling and may
facilitate more use in these
patients
Higher overall AEs may make
PS2 population more
sensitive to demonstration of
a potential comparative
tolerability beneﬁt
Where poor PS is because of
advanced disease, beneﬁts in
a clinical outcome (survival,
symptom, or functional
improvement) may be easier
to demonstrate for a highly
effective drug
Potentially greater variability
in outcomes if not stratiﬁed/
balanced between treatment
groups
Potentially higher rates of
AEs/more complicated
attribution of AEs; if PS
balanced between treatment
groups, it should be able to
account for this
Diminished treatment effect
if PS2 patients do not have
the same treatment beneﬁt
as patients with good PS

the patient population is important. More inclusive PS eligibility will
also likely increase enrollment of older adults (24, 31) and address the
lack of evidence noted above (32, 33).
Risks
Increased adverse events
Rates of adverse events (AEs) may be greater in PS2 participants as
compared with PS0 and PS1 participants, and this may inﬂuence
patient’s outcomes and ability to comply with study procedures. As a
result, investigators and sponsors may be reluctant to consider trial
enrollment. PS2 patients risk AEs with standard therapy options as
well, and thus participation on a trial may not necessarily pose a greater
risk of AEs compared with standard therapy for a particular patient.
Because targeted therapies often have higher response rates, PS2
patients may experience a greater therapeutic index in a targeted
therapy trial than standard of care (e.g., cytotoxic chemotherapy), even
if their absolute rate of AEs is higher than in patients with PS0 and PS1.
Where the comparative tolerability between an investigational
agent and standard therapy is less clear, including PS2 patients (who
may be more sensitive to toxicity) may unmask subtle differences.

Importantly, having a subset of PS2 patients will add important safety
data to facilitate decision-making for patients in the post-approval
setting (Table 1). Determining appropriate timing for including PS2
participants is challenging. When possible, inclusion of a small
number of PS2 participants in early-phase trials is recommended to
guide separate expansion cohorts for phase II or broader inclusion into
registration trials.
Even when clinical trial eligibility allows PS2 patients to enroll,
relatively few PS2 participants are actually enrolled (34, 35). This may
relate to clinicians’ lack of familiarity with the investigational agent and
concerns about the tolerability and safety. Enhanced information about
safety, tolerability, and efﬁcacy from earlier phase trials with the agent
may help to counteract this. In addition, when clinically appropriate,
allowing physician discretion in the treatment approach as a component
of the clinical trial may help to mitigate this issue (36, 37).
Potential impact on trial outcome data
In trials of novel therapies including PS2 participants, data suggest
that outcomes may be inferior compared with participants with PS 0–1,
even though low proportions of PS2 participants were included (38–40).
This information alone should not be used as a justiﬁcation for excluding
PS2 patients. Instead, similar to other high-risk prognostic markers
identiﬁed in oncology, PS information could be considered as a stratiﬁcation factor. When safe, inclusion of participants with lowfunctioning PS provides valuable evidence to guide clinical care for
most patients. Outcomes in low-functioning PS participants can also
better inform statistical considerations for future trials.
The risk of inferior outcomes from low-functioning PS participants
is a potential concern to sponsors, especially if compared with historical cohorts including high-functioning PS. The FDA has addressed
a similar concern in a March 2019 ﬁnal guidance on enrollment of
patients with brain metastases stating, “to mitigate uncertainties
about including patients with brain metastases in clinical trials,
consider enrolling these patients in a separate subgroup within the
trial” (41). In addition, FDA commentary has further indicated a
willingness to restrict primary efﬁcacy analysis to the participant
subset who meet more conventional eligibility criteria when a
sponsor enrolls a broader range of participants (42). FDA also
notes that including a broader group of participants could offer
beneﬁts, such as additional information in drug labeling and/or
reduced postmarketing commitments.
Simulation study methods
To explore the effects on inferences comparing trials that include
versus exclude participants with PS2, simulations were conducted
under a variety of trial settings with three levels of PS: PS0, PS1, and
PS2. Figure 1 presents results based on: (i) total sample size of 500
participants, (ii) 1:1 randomization to two treatment groups, (iii)
accrual time of 24 months, (iv) a time-to-event endpoint, and (v)
follow-up until 283 events are observed, achieving power of 85% based
on an HR of 0.70 versus a null hypothesis of 1.0 and a two-sided alpha
of 0.05. Participants were assumed to vary in their median survival: 12-,
9-, and 6-month median survival in PS0, PS1, and PS2 participants,
respectively. Differences in drop-outs due to AEs or other factors
varied: 5%, 10%, and 20% of PS0, PS1, and PS2, respectively, and AEs
were assumed to have censored event times within the ﬁrst 4 months.
Simulations assumed 45% PS0, 45% PS1, and 10% PS2 participants,
and the true HRs reﬂecting treatment beneﬁt were varied across PS
groups. Scenario 1 assumes all three PS groups have the same
treatment effect, HR ¼ 0.7. Scenario 2 assumes PS0 and PS1 participants derive beneﬁt, but PS2 participants do not (PS0 and PS1 HR,

0.7 and PS2 HR, 1.0). Scenario 3 assumes PS2 participants derive
greater beneﬁt compared with PS0 and PS1 participants (PS0 and PS1
HR, 0.7 and PS2 HR, 0.5). Outcome measures that were assessed to
determine the differences in inferences due to the variability in HRs
across the groups were (i) the estimated HR, (ii) power, and (iii) time to
complete the study because fewer patients would be excluded (measured as the time from the ﬁrst enrolled participant to the last event
required for analysis). Inferences from simulated trials (10,000/scenario) were analyzed under two different approaches: (i) excluding PS2
participants (N ¼ 450 PS0 and PS1 patients included in analysis) and
(ii) including the PS2 participants (N ¼ 500 for analysis). When
excluding PS2 participants, the analysis was undertaken when there
were 283 events among the PS0 and PS1 participants.
The simulation study demonstrated the following conclusions for
including PS2 participants:
(i) when the number of PS2 participants is relatively small (e.g.,
10%), the effect on the estimated HR and power is relatively
modest, even when the PS2 participants do not have a true
treatment beneﬁt (Fig. 1A and B).
(ii) including PS2 participants is likely to shorten duration of the
trial by increasing the number of potentially eligible trial
participants (Fig. 1C) and due to the higher event rate in PS2
participants relative to PS0–1 participants.
These conclusions may not be generalized to all trial settings. Singlearm trials need attention given that previous trial results (to which the
study results will be compared) may not have included PS2 participants. Similarly, trials with smaller (or larger) sample size may have
more dramatic or muted effects depending on other trial parameters,
such as the fraction of PS2 participants.
Mechanisms for addressing risks associated with expanding PS
eligibility criteria
Assessing safety concerns should take into account the potential
increased risk in AE rates between standard-of-care and
experimental intervention, rather than the absolute rate of
expected AEs.
Reassess and revise PS eligibility criteria at each phase of drug
development, in accordance with growing knowledge about the
investigational agent. Early-phase data (AE rates and durable
objective responses) for PS2 participants can decrease uncertainty
of subsequent randomized trials. For example, trials could:
(i) include an exploratory PS2 cohort in early-phase trials to
collect data without compromising internal validity and to
inform inclusion in later phase trials, incorporating early
stopping rules for unacceptable toxicity, or
(ii) if tolerability/safety is acceptable during early phase for
PS0–1 participants, expand to include PS2 participants in
later phases.
Consider alternate trial designs and settings. Examples may
include:
(i) trials speciﬁcally for PS2 participants and, where appropriate, PS3 participants. This may be most ideal for studies
of modiﬁed (“deintensiﬁed”) regimens where the overall
goal is to develop a more tolerable therapy.
(ii) ﬂexibility in the dosing schema, particularly for palliative
trials. For example, enable investigator discretion to allow
participants to initiate treatment at a reduced dosage with
escalation to full dosage based on tolerability (37). This may
be most appropriate for studies in advanced cancer where
the goal of therapy is palliation.
*

*

*
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Figure 1.
Simulation study results depicting changes in estimated HR (A), power (B), and length of trial from ﬁrst accrual to last required event for analysis (C). Within each
panel, six analyses are depicted. A and C, The median from the simulations is plotted as a circle with lines extending vertically to the 5th and 95th percentiles. For each
analysis, the HR of PS0 and PS1 patients (pts) remains constant at 0.7 and the HR of PS2 patients is varied. Red points/lines depict results when PS2 patients are
included in the ﬁnal analysis (N ¼ 500); blue points/lines depict results when PS2 patients are excluded (N ¼ 450). Regardless of sample size, the trial end is assumed
to be when the required number of events (283 events) have been accrued per the power calculation.

(iii) Consider expansion cohorts to enhance enrollment of PS2
patients. This may be the most effective strategy for therapies with novel mechanisms or less well-deﬁned AE
proﬁles, whereby initial enrollment includes patients with
high-functioning PS and once safety and tolerability are
better understood, expansion to include PS2 patients
occurs.
(iv) A postmarketing study that focuses on subgroups not well
represented in premarket studies (43, 44). This may be most
effective strategy for approved therapies where limited data
currently exists for patients with low-functioning PS.
Discuss study design and statistical analysis approaches for broader
eligibility and implications for postmarketing research with FDA
during trial design, where appropriate. This may include performing
simulations under a variety of assumptions regarding fraction of PS2
patients and heterogeneity of efﬁcacy and safety across PS groups.

if the agent has demonstrated favorable toxicity and efﬁcacy
signals.

Recommendations for inclusion of PS2 participants are included in Table 2. Although discussion has focused on inclusion of
PS2 participants, PS3 participants should also be considered. With
targeted therapies for rare alterations, inclusion of PS3 participants may be considered to expand the eligible patient population,

Associations between PS and safety/toxicity in targeted
therapies and immunotherapy
The majority of newly approved investigational agents have targeted
mechanisms of action, however, the safety and efﬁcacy of many of
these therapies remain unclear in the PS2 population given their

*
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Areas of Need for Future Research
Methods to incorporate functional status assessment
Alternate methods for assessing physical function exist, such as
patient-reported outcome measures (45), objective performance measures (e.g., gait speed; ref. 46), and activity monitoring devices (e.g.,
wearable devices; ref. 47). Further research is needed to understand
how to incorporate and use these alternative methods in oncology
trials. Enhancing the objectivity of PS assessments may more accurately characterize functional capacity and improve trial suitability
assessment, particularly if low-functioning PS is related to disease
burden versus other factors around the time of diagnosis. Incorporating these methods may also reduce bias of PS assessments.

Table 2. Recommendations.
Number Recommendation
1.

Patients with ECOG PS2 (or KPS 60–70) should be included, unless there is a scientiﬁc and/or clinical rationale for exclusion justiﬁed by
established safety considerations.
a.
b.

c.
d.

2.

3.

PS eligibility criteria should be based on the patient population in which the intervention is expected to be applied in clinical practice.
PS eligibility criteria should be continually reevaluated and modiﬁed throughout the drug development process to reﬂect accumulated safety data of
the investigational treatment. Decisions about PS eligibility criteria should be based on early clinical safety and efﬁcacy data about the speciﬁc
investigational agent or based on known data from other drugs in the same class with similar mechanism of action. Later-phase trials (e.g., phase
II/III) should generally mirror the intended use population, and ECOG PS2 (or KPS 60–70) patients should be included unless safety concerns have
manifested in earlier-phase trials. The rationale for exclusion should be justiﬁed and stated explicitly.
Incorporating the rationale for inclusion of a broader population into the protocol could help encourage investigators to enroll these patients.
PS data should still be collected for use as a stratiﬁcation factor, regardless of how it is incorporated into eligibility criteria.

Consider alternative trial designs, such as prespeciﬁed cohorts with lower functioning PS that are exempt from the primary analysis, to
encourage inclusion of these patients. These cohorts would generally be small in size and exploratory in nature and could be enrolled in an
incremental way to enable an early stopping rule based upon safety data. Consideration of the data analysis approach for the broader eligibility
cohort and subgroup analysis should be determined during the study design phase and its implications for marketing and postmarketing
requirements discussed with FDA when appropriate.
Additional assessments of functional status should be considered to better characterize the functional status of ECOG PS2 patients and patients
aged ≥65 years, such as ADLs and instrumental ADLs.

Abbreviation: ADLs, activities of daily living.

underrepresentation on clinical trials leading to approval (48). Understanding safety and efﬁcacy of novel therapies in PS2 patients, particularly for patients with low-functioning PS due to disease burden, is
a critical area of need, as a targeted therapy or immunotherapy with a
high objective response rate may afford improvement in PS by
improving disease-related symptoms.
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reports personal fees from Pﬁzer outside the submitted work and is a contributor to
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and IQVIA outside the submitted work. A. Melemed reports full-time employment
with Chimerix, a biopharmaceutical company, and was previously employed by Eli
Lilly and Company as a full-time employee. F.I. Arnaldez reports other from
MacroGenics, Inc. outside the submitted work. No disclosures were reported by the
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Conclusion

Disclaimer

Broadening PS eligibility criteria to be more inclusive can increase
the number and diversity of trial participants. More effective biomarker-driven therapies warrant reconsideration of this traditional
approach. Trial sponsors should justify exclusion of PS2 patients and
limit exclusions to those affecting patient safety and trial integrity.
Several strategies can encourage broader inclusion of PS2, and in select
cases PS3, participants. Implementation of these recommendations
will require cooperation of multiple stakeholders and can result in
incentives following FDA approval.

The opinions expressed in this article are those of the authors and do not
necessarily reﬂect the views or policies of the authors’ afﬁliated institutions.

Acknowledgments

Authors’ Disclosures

This article was developed as a consensus document of the Performance Status
Working Group as part of a collaboration among ASCO, Friends, the FDA, and the
NCI. The contents of this document were presented on August 2, 2019, as part of an
invitation-only, collaborative workshop. The authors thank all the participants of the
workshop, as well as the planning committee, ASCO, Friends, FDA, and NCI staff, for
their expertise and thoughtful input on the project and article, and for logistical
support. A. Magnuson was supported by a National Institute on Aging Beeson Career
Development Award (NIA K76 AG064394). S.M. Lichtman was supported, in part,
through the NIH/NCI Cancer Center Support Grant P30 CA008748.

A. Magnuson reports receiving National Institute on Aging K76 Career Development Award, NCI Loan Repayment Award, and honoraria for educational lecture
provided at the American Society of Radiation Oncology 2020 Annual meeting.

Received September 29, 2020; revised December 1, 2020; accepted December 11,
2020; published ﬁrst February 9, 2021.

References
1. Kim ES, Bruinooge SS, Roberts S, Ison G, Lin NU, Gore L, 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;35:3737–44.
2. Jin S, Pazdur R, Sridhara R. Re-evaluating eligibility criteria for oncology clinical
trials: analysis of investigational new drug applications in 2015. J Clin Oncol
2017;35:3745–52.
3. Oken MM, Creech RH, Tormey DC, Horton J, Davis TE, McFadden ET, et al.
Toxicity and response criteria of the Eastern Cooperative Oncology Group. Am J
Clin Oncol 1982;5:649–55.
4. Karnofsky D, Burchenal J. The clinical evaluation of chemotherapeutic agents in
cancer. Evaluation of chemotherapeutic agents. MacLeod CM, editor. New York,
NY: Columbia University Press; 1949.
5. Kawaguchi T, Takada M, Kubo A, Matsumura A, Fukai S, Tamura A, et al.
Performance status and smoking status are independent favorable prognostic

factors for survival in non-small cell lung cancer: a comprehensive analysis of
26,957 patients with NSCLC. J Thorac Oncol 2010;5:620–30.
6. Carey MS, Bacon M, Tu D, Butler L, Bezjak A, Stuart GC. The prognostic
effects of performance status and quality of life scores on progression-free
survival and overall survival in advanced ovarian cancer. Gynecol Oncol
2008;108:100–5.
7. Ishii H, Okada S, Nose H, Yoshimori M, Aoki K, Okusaka T. Prognostic factors in
patients with advanced pancreatic cancer treated with systemic chemotherapy.
Pancreas 1996;12:267–71.
8. Sleijfer S, Ouali M, van Glabbeke M, Krarup-Hansen A, Rodenhuis S, Le Cesne A,
et al. Prognostic and predictive factors for outcome to ﬁrst-line ifosfamidecontaining chemotherapy for adult patients with advanced soft tissue sarcomas:
an exploratory, retrospective analysis on large series from the European Organization for Research and Treatment of Cancer-Soft Tissue and Bone Sarcoma
Group (EORTC-STBSG). Eur J Cancer 2010;46:72–83.

45

9. Kodaira M, Takahashi S, Yamada S, Ueda K, Mishima Y, Takeuchi K, et al. Bone
metastasis and poor performance status are prognostic factors for survival of
carcinoma of unknown primary site in patients treated with systematic chemotherapy. Ann Oncol 2010;21:1163–7.
10. Tas F, Sen F, Odabas H, Kilic L, Keskin S, Yildiz I. Performance status of patients
is the major prognostic factor at all stages of pancreatic cancer. Int J Clin Oncol
2013;18:839–46.
11. Arboe B, Halgren Olsen M, Duun-Henriksen AK, Gørløv JS, Nielsen KF,
Thomsen RH, et al. Prolonged hospitalization, primary refractory disease,
performance status and age are prognostic factors for survival in patients with
diffuse large B-cell lymphoma and transformed indolent lymphoma undergoing
autologous stem cell transplantation. Leuk Lymphoma 2018;59:1153–62.
12. Song T, Wan Q, Yu W, Li J, Lu S, Xie C, et al. Pretreatment nutritional risk scores
and performance status are prognostic factors in esophageal cancer patients
treated with deﬁnitive chemoradiotherapy. Oncotarget 2017;8:98974–84.
13. Wang JR, Habbous S, Espin-Garcia O, Chen D, Huang SH, Simpson C, et al.
Comorbidity and performance status as independent prognostic factors in
patients with head and neck squamous cell carcinoma. Head Neck 2016;38:
736–42.
14. Langer C, Li S, Schiller J, Tester W, Rapoport BL, Johnson DH. Randomized
phase II trial of paclitaxel plus carboplatin or gemcitabine plus cisplatin in
Eastern Cooperative Oncology Group performance status 2 non-small-cell lung
cancer patients: ECOG 1599. J Clin Oncol 2007;25:418–23.
15. Lilenbaum R, Villaﬂor VM, Langer C, O’Byrne K, O’Brien M, Ross HJ, et al.
Single-agent versus combination chemotherapy in patients with advanced nonsmall cell lung cancer and a performance status of 2: prognostic factors and
treatment selection based on two large randomized clinical trials. J Thorac Oncol
2009;4:869–74.
16. Zukin M, Barrios CH, Rodrigues Pereira J, De Albuquerque Ribeiro R, de
Mendonça Beato CA, do Nascimento YN, et al. Randomized phase III trial of
single-agent pemetrexed versus carboplatin and pemetrexed in patients with
advanced non-small-cell lung cancer and Eastern Cooperative Oncology Group
performance status of 2. J Clin Oncol 2013;31:2849–53.
17. Spigel DR, Hainsworth JD, Joseph MJ, Shipley DL, Hagan MK, Thompson DS,
et al. Randomized phase 2 trial of pemetrexed, pemetrexed/bevacizumab, and
pemetrexed/carboplatin/bevacizumab in patients with stage IIIB/IV non-small
cell lung cancer and an Eastern Cooperative Oncology Group performance status
of 2. Cancer 2018;124:1982–91.
18. Chow R, Bruera E, Temel JS, Krishnan M, Im J, Lock M. Inter-rater reliability in
performance status assessment among healthcare professionals: an updated
systematic review and meta-analysis. Support Care Cancer 2020;28:2071–8.
19. Broderick JM, Hussey J, Kennedy MJ, O’ Donnell DM. Patients over 65 years are
assigned lower ECOG PS scores than younger patients, although objectively
measured physical activity is no different. J Geriatr Oncol 2014;5:49–56.
20. Hurria A, Togawa K, Mohile SG, Owusu C, Klepin HD, Gross CP, et al.
Predicting chemotherapy toxicity in older adults with cancer: a prospective
multicenter study. J Clin Oncol 2011;29:3457–65.
21. Ghosn M, Ibrahim T, El Rassy E, Nassani N, Ghanem S, Assi T. Abridged
geriatric assessment is a better predictor of overall survival than the Karnofsky
performance scale and physical performance test in elderly patients with cancer.
J Geriatr Oncol 2017;8:128–32.
22. Cancer Action Network, American Cancer Society. Barriers to patient enrollment in therapeutic clinical trials for cancer: a landscape report. Available from:
https://www.ﬁghtcancer.org/policy-resources/clinical-trial-barriers.
23. Lara PN, Higdon R, Lim N, Kwan K, Tanaka M, Lau DHM, et al. Prospective
evaluation of cancer clinical trial accrual patterns: identifying potential barriers
to enrollment. J Clin Oncol 2001;19:1728–33.
24. Ludmir EB, Mainwaring W, Lin TA, Miller AB, Jethanandani A, Espinoza AF,
et al. Factors associated with age disparities among cancer clinical trial participants. JAMA Oncol 2019Jun 3 [Epub ahead of print].
25. Canou€�-Poitrine F, Li�evre A, Dayde F, Lopez-Trabada-Ataz D, Baumgaertner I,
Dubreuil O, et al. Inclusion of older patients with cancer in clinical trials: the
SAGE Prospective Multicenter Cohort Survey. Oncologist 2019;24:e1351–9.
26. Department of Health, Education, and Welfare; National Commission for the
Protection of Human Subjects of Biomedical and Behavioral Research. The
Belmont Report: ethical principles and guidelines for the protection of human
subjects of research. J Am Coll Dent 2014;81:4–13.
27. Repetto L, Fratino L, Audisio RA, Venturino A, Gianni W, Vercelli M, et al.
Comprehensive geriatric assessment adds information to Eastern Cooperative
Oncology Group performance status in elderly cancer patients: an Italian Group
for Geriatric Oncology Study. J Clin Oncol 2002;20:494–502.

46

friends

of

cancer

research

28. Azad AA, Eigl BJ, Leibowitz-Amit R, Lester R, Kollmannsberger C, Murray N, et al.
Outcomes with abiraterone acetate in metastatic castration-resistant prostate
cancer patients who have poor performance status. Eur Urol 2015;67:441–7.
29. Blackhall F, Ross Camidge D, Shaw AT, Soria J-C, Solomon BJ, Mok T, et al. Final
results of the large-scale multinational trial PROFILE 1005: efﬁcacy and safety of
crizotinib in previously treated patients with advanced/metastatic ALK-positive
non-small-cell lung cancer. ESMO Open 2017;2:e000219.
30. Parikh RB, Galsky MD, Gyawali B, Riaz F, Kaufmann TL, Cohen AB, et al. Trends
in checkpoint inhibitor therapy for advanced urothelial cell carcinoma at the end
of life: insights from real-world practice. Oncologist 2019;24:e397–9.
31. Talarico L, Chen G, Pazdur R. Enrollment of elderly patients in clinical trials for
cancer drug registration: a 7-year experience by the US Food and Drug
Administration. J Clin Oncol 2004;22:4626–31.
32. Hurria A, Levit LA, Dale W, Mohile SG, Muss HB, Fehrenbacher L, et al.
Improving the evidence base for treating older adults with cancer: American
Society of Clinical Oncology Statement. J Clin Oncol 2015;33:3826–33.
33. Levit LA, Singh H, Klepin HD, Hurria A. Expanding the evidence base in geriatric
oncology: action items from an FDA-ASCO workshop. J Natl Cancer Inst 2018;
110:1163–70.
34. Solomon BJ, Mok T, Kim D-W, Wu Yi-L, Nakagawa K, Mekhail T, et al. First-line
crizotinib versus chemotherapy in ALK-positive lung cancer. N Engl J Med 2014;
371:2167–77.
35. Bellmunt J, de Wit R, Vaughn DJ, Fradet Y, Lee J-L, Fong L, et al. Pembrolizumab
as second-line therapy for advanced urothelial carcinoma. N Engl J Med 2017;
376:1015–26.
36. von Gruenigen VE, Huang HQ, Beumer JH, Lankes HA, Tew W, Herzog T, et al.
Chemotherapy completion in elderly women with ovarian, primary peritoneal or
fallopian tube cancer–an NRG oncology/Gynecologic Oncology Group study.
Gynecol Oncol 2017;144:459–67.
37. Seymour MT, Thompson LC, Wasan HS, Middleton G, Brewster AE, Shepherd
SF, et al. Chemotherapy options in elderly and frail patients with metastatic
colorectal cancer (MRC FOCUS2): an open-label, randomised factorial trial.
Lancet 2011;377:1749–59.
38. Mok TS, Wu Yi-L, Thongprasert S, Yang C-H, Chu Da-T, Saijo N, et al. Geﬁtinib
or carboplatin-paclitaxel in pulmonary adenocarcinoma. N Engl J Med 2009;361:
947–57.
39. Zhou C, Wu Yi-L, Chen G, Feng J, Liu X-Q, Wang C, et al. Erlotinib versus
chemotherapy as ﬁrst-line treatment for patients with advanced EGFR mutation-positive non-small-cell lung cancer (OPTIMAL, CTONG-0802): a multicentre, open-label, randomised, phase 3 study. Lancet Oncol 2011;12:735–42.
40. Rosell R, Carcereny E, Gervais R, Vergnenegre A, Massuti B, Felip E, et al.
Erlotinib versus standard chemotherapy as ﬁrst-line treatment for European
patients with advanced EGFR mutation-positive non-small-cell lung cancer
(EURTAC): a multicentre, open-label, randomised phase 3 trial. Lancet Oncol
2012;13:239–46.
41. Enhancing the diversity of clinical trial populations - eligibility criteria, enrollment practices, and trial designs guidance for industry - guidance document.
Available from: https://www.fda.gov/regulatory-information/search-fda-guidancedocuments/enhancing-diversity-clinical-trial-populations-eligibility-criteria-enrollmentpractices-and-trial.
42. Beaver JA, Ison G, Pazdur R. Reevaluating eligibility criteria - balancing patient
protection and participation in oncology trials. N Engl J Med 2017;376:1504–5.
43. Hurria A, Dale W, Mooney M, Rowland JH, Ballman KV, Cohen HJ, et al.
Designing therapeutic clinical trials for older and frail adults with cancer: U13
conference recommendations. J Clin Oncol 2014;32:2587–94.
44. Nipp RD, Yao N(A), Lowenstein LM, Buckner JC, Parker IR, Gajra A, et al.
Pragmatic study designs for older adults with cancer: report from the U13
conference. J Geriatr Oncol 2016;7:234–41.
45. Kluetz PG, Slagle A, Papadopoulos EJ, Johnson LL, Donoghue M, Kwitkowski
VE, et al. Focusing on core patient-reported outcomes in cancer clinical trials:
symptomatic adverse events, physical function, and disease-related symptoms.
Clin Cancer Res 2016;22:1553–8.
46. Liu MA, DuMontier C, Murillo A, Hshieh TT, Bean JF, Soiffer RJ, et al. Gait
speed, grip strength, and clinical outcomes in older patients with hematologic
malignancies. Blood 2019;134:374–82.
47. Kelly CM, Shahrokni A. Moving beyond Karnofsky and ECOG performance
status assessments with new technologies. J Oncol 2016;2016:6186543.
48. Cheng S, Qureshi M, Pullenayegum E, Haynes A, Chan KK. Do patients with
reduced or excellent performance status derive the same clinical beneﬁt from
novel systemic cancer therapies? A systematic review and meta-analysis.
ESMO Open 2017;2:e000225.

Impact of Broadening Trial Eligibility Criteria for Patients
with Advanced Non–Small Cell Lung Cancer: Real-World
Analysis of Select ASCO-Friends Recommendations
R. Donald Harvey1, Suanna S. Bruinooge2, Li Chen3, Elizabeth Garrett-Mayer2, Whitney Rhodes3,
Edward Stepanski3, Thomas S. Uldrick4, Gwynn Ison5, Sean Khozin6, Wendy S. Rubinstein5,
Caroline Schenkel2, Robert S. Miller7, George A. Komatsoulis7, Richard L. Schilsky2, and Edward S. Kim8

ABSTRACT
◥

Purpose: Cancer clinical trials often accrue slowly or miss
enrollment targets. Strict eligibility criteria are a major reason.
Restrictive criteria also limit opportunities for patient participation
while compromising external validity of trial results. We examined
the impact of broadening select eligibility criteria on characteristics
and number of patients eligible for trials, using recommendations of
the American Society of Clinical Oncology (ASCO) and Friends of
Cancer Research.
Experimental Design: A retrospective, observational analysis
used electronic health record data from ASCO’s CancerLinQ
Discovery database. Study cohort included patients with advanced
non–small cell lung cancer treated from 2011 to 2018. Patients were
grouped by traditional criteria [no brain metastases, no other
malignancies, and creatinine clearance (CrCl) ≥ 60 mL/minute]
and broadened criteria (including brain metastases, other malignancies, and CrCl ≥ 30 mL/minute).

Introduction
Numerous cancer trials accrue slowly or miss enrollment targets
(range, 9%–49% of trials; refs. 1–7) due to strict eligibility criteria. A
2016 analysis of corrective actions for poor-accruing trials found that
eligibility criteria were among primary causes of enrollment delays,
with broadening eligibility criteria as the primary remedy for phase II
trials (8). Among 231 phase I trials (1991–2016), common reasons for
exclusion were performance status (PS) ≥ 1, brain metastases, and
strict renal/hepatic function requirements (9). These restrictions were
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Results: The analysis cohort included 10,500 patients. Median age was 68 years, and 73% of patients were White. Most
patients had stage IV disease (65%). A total of 5,005 patients
(48%) would be excluded from trial participation using the
traditional criteria. The broadened criteria, however, would
allow 98% of patients (10,346) to be potential participants.
Examination of patients included by traditional criteria (5,495)
versus those added (4,851) by broadened criteria showed that the
number of women, patients aged 75þ years, and those with stage IV
cancer was signiﬁcantly greater using broadened criteria.
Conclusions: This analysis of real-world data demonstrated
that broadening three common eligibility criteria has the
potential to double the eligible patient population and include
trial participants who are more representative of those encountered in practice.
See related commentary by Giantonio, p. 2369
associated with fewer eligible patients, longer enrollment periods
(26 vs. 17 months), and increased study terminations.
Broadening eligibility criteria also addresses study design factors
that limit study participation, thereby causing inequities in trial
access particularly among certain populations and creating concerns about external validity of results. A 2019 review of trial
participation indicated 21.5% of patients were excluded primarily
because of strict eligibility criteria (10). An examination of realworld data (RWD) from Denmark showed that clinical characteristics excluded 61% of patients with melanoma from pivotal trials
during 2010–2015; brain metastases and/or PS ≥ 2 affected 75% of
those excluded (11). These patients (when treated following approval with study agents) showed improvement in outcomes versus
historical controls.
In October 2017, the American Society of Clinical Oncology (ASCO)
and Friends of Cancer Research (Friends) published recommendations
to broaden eligibility criteria (12) for: brain metastases (13), organ
function, primary/concurrent malignancies (14), human immunodeﬁciency virus status (15), and minimum enrollment age (16). This
investigation quantiﬁed and characterized among patients with
advanced non–small cell lung cancer (aNSCLC) trial eligibility using
the ASCO-Friends’ broadened versus traditional eligibility criteria.

R.L. Schilsky and E.S. Kim contributed equally as co-senior authors of this article.
Corresponding Author: Suanna S. Bruinooge, American Society of Clinical
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Materials and Methods
This retrospective, observational study examined common eligibility criteria in cancer trials: (i) brain metastases, (ii) renal function, and
(iii) prior/concurrent malignancies. Data for the analysis were
obtained from CancerLinQ Discovery a safe-harbor deidentiﬁed dataset compiled from electronic health records (EHR) of 50 U.S. oncology

Reprinted from Harvey RD, et al. Impact of Broadening Trial Eligibility Criteria for Patients with Advanced Non-Small Cell Lung
Cancer: Real-World Analysis of Select ASCO-Friends Recommendations. Clin Cancer Res. 2021 May 1;27(9):2430-2434. doi: 10.1158/10780432.CCR-20-3857. Epub 2021 Feb 9. PMID: 33563634 with permission from AACR.
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rather than another cancer. From a clinical perspective, metastases
may be more likely than second primary cancers at these anatomic
sites. Miscoding of metastases as primary cancers is not infrequent.
Data curation identiﬁed patients with brain metastases, including
coding primary brain neoplasms as brain metastases. All patients with
brain metastases were excluded under traditional criteria and included
under broadened criteria.
PS values were presented using the Eastern Cooperative Oncology
Group (ECOG) scale as documented in EHR or converted from
Karnofsky (24). If multiple PS values existed, we used the value closest
to date of therapy initiation.
Descriptive statistics summarize the two populations, including
proportions, means, and interquartile ranges (IQR). Comparisons
were made between patients included on the basis of traditional criteria
versus patients excluded on the basis of traditional criteria, but
included using broadened criteria (i.e., independent, nonoverlapping
patient groups) using x2 tests. Alpha was set at 0.01 due to the large
sample size. Data management and analyses were conducted in Python
3.7.0 and R 3.5.1.

Translational Relevance
Overly restrictive clinical trial eligibility criteria make it challenging to translate research ﬁndings to all populations likely to
receive a new treatment following approval. Less restrictive eligibility criteria over the course of drug development may generate
data on a broader population and improve speed of accrual. This
may be accomplished by progressive broadening of eligibility
criteria across trial phases. We show that expansion of three
common eligibility criteria, renal function measures, presence of
brain metastases, and history of prior malignancy, increases
patients potentially eligible in the dataset analyzed by almost 2-fold.
While this analysis was conducted in a population with advanced
non–small cell lung cancer, the ﬁndings are likely applicable to
other advanced malignancies. These expanded eligibility criteria
should be widely adopted while pursuing additional expanded
inclusion criteria to generate ﬁndings more relevant to patients
treated in routine clinical practice, maximize patient access to trials,
and expedite trial enrollment.

Results
practices (17). We included standardized data and data curated by
trained clinical data abstractors from 2011 to 2018 records (18–20).
Study criteria included patients with aNSCLC diagnosis (stage IIIb,
IIIc, or IV; see Supplementary Materials and Methods), receipt of
systemic therapy, and ≥2 documented clinical visits. Patients with
missing serum creatinine laboratory values were excluded.
Criteria for traditional and broadened eligibility criteria are outlined
in Table 1. Traditional criteria excluded patients with creatinine
clearance (CrCl) ≤ 60 mL/minute (21). Broadened criteria included
patients with CrCl ≥ 30 mL/minute. A minority of cases (33%)
included CrCl in EHR data. CrCl was calculated for 7,031 cases using
the Cockcroft–Gault equation (22, 23).
Patients with additional cancer diagnosis codes unrelated to NSCLC
were classiﬁed as having a prior/concurrent cancer. These patients
would be excluded by traditional criteria and included by broadened
criteria. All diagnosis codes related to lung cancer metastases sites (e.g.,
adrenal gland, bone, brain, and other) were considered metastases,

A total of 10,500 cases were included in the analysis
(Fig. 1; Table 2). Median age was 68 years (IQR, 60–74), and
56% were males. A total of 75% of patients were White. Most
patients had stage IV disease (65%).
Of the total cohort, 1,509 (14%) patients had prior/concurrent
cancers (Table 3), most commonly prostate (154 patients, 2%),
colorectal (120, 1%), and breast (31, 0.3%) cancers. These 1,509
patients would be excluded under traditional criteria, but included
using broadened criteria. All cases were coded for presence/absence of
brain metastases. A total of 21% of patients (2,226) had brain metastases and would be excluded by traditional eligibility criteria.
Overall, 5,005 patients (48%) were excluded by one or more of three
traditional criteria, leaving only 5,495 (52%) eligible. More than 20% of
patients (2,252) were excluded by traditional eligibility criteria due to
CrCl ≤ 60 mL/minute alone. Use of the broadened criteria would only
exclude 154 patients (1.5%), leaving nearly all patients (10,346, 98%)
potentially eligible.

Table 1. Comparison of deﬁnitions for traditional clinical trial eligibility criteria, ASCO-Friends’ broadened criteria, and criteria used in
study.

Prior and concurrent cancer:
in addition to NSCLC

Brain metastases

Renal function

48

friends

of

cancer

Traditional eligibility criteria

ASCO-Friends’ broadened criteria

Criteria used in study

Exclude patients with another primary
cancer in 2 years prior to trial
enrollment

Include patients with another primary
cancer that does not interfere with
safety or efﬁcacy of study therapy

Included all cases with another
primary cancer diagnosis:

Exclude patients with brain
metastases

Include patients with treated and/or
stable brain metastases, as well as
patients with active brain
metastases

Included all patients with brain
metastases

Include patients if CrCl ≥ 30 mL/
minute for study therapy without
kidney toxicity

Included patients if CrCl ≥ 30 mL/
minute:

Exclude patients if CrCl ≤ 60 mL/
minute

research

(i) counted primary diagnostic
codes at sites of likely NSCLC
metastases as metastases

(i) irrespective of treatment status
and clinical stability
(ii) counted primary brain diagnostic
codes as metastases

(i) used Cockcroft–Gault formula to
calculate CrCl for patients
without evidence of CrCl
measure

Figure 1.
Cohort comparison with traditional and broadened
eligibility criteria.

Patients included by traditional criteria (5,495) versus patients
added (4,851) by broadened criteria and excluded by traditional
criteria (Table 2; columns E and G) differ in important ways (Fig. 2).
The percentage of women was signiﬁcantly different; 40% under
traditional criteria versus 48% (P < 0.001) with broadened criteria.
The percentage of patients aged 75þ years was signiﬁcantly greater
with broadened criteria (29% vs. 16%; P < 0.001). Comparing by stage,
59% of stage IV patients were included with traditional versus 72% (P <
0.001) using broadened criteria. Percentage of patients with ECOG PS
2þ was similar (18% vs. 20%; P ¼ 0.03).

Discussion
Broadening three common eligibility criteria can potentially double
the number of patients with aNSCLC eligible for trials. Prior analyses
of eligibility of patients with aNSCLC demonstrated 60% were ineligible, with common exclusions being brain metastases and poor
PS (25).
Support for expanding eligibility criteria examined also comes from
analysis of Kaiser Permanente data, which showed 8% of patients
would be excluded from trials because of another invasive cancer
within 5 years (14). The analysis also revealed 28% of patients with
lung, 20% with breast, 25% with colorectal, and 46% with bladder
cancers would be excluded because of CrCl < 60 mL/minute. Renal
function is of critical importance in aNSCLC, because carboplatin,
pemetrexed, and cisplatin are renally cleared. Expanding CrCl eligibility to ≥30 mL/minute would substantially impact the eligible
population, adding 20% of patients. It is important to recognize those

instances when including patients with CrCl < 60 mL/minute
should be avoided, speciﬁcally in studies of drugs cleared by the
kidneys and without established dose adjustments where drugs cause
direct renal toxicity. In other cases, the change to include those with
CrCl > 30 mL/minute should be employed once safety is established
(perhaps in an exploratory cohort in early development) and certainly
in late-phase trials.
In this analysis, the population who met the broadened eligibility
criteria are more representative of patients with aNSCLC than the
traditional eligibility criteria population. The broadened population
included more women, older patients, and/or patients with stage IV
disease. Although broadened criteria resulted in a small increase in
patients with PS 2þ, analysis of PS was inconclusive. Most records
(58.5%) lacked structured PS data. Translation of data from highly
selected trial populations to patients seen in real-world practice
identiﬁes important knowledge gaps and increases conﬁdence in
applying trial results to typical patients.
While our analysis demonstrated an increase in the number of
patients with aNSCLC potentially eligible for trials, their inclusion
could also potentially affect interpretation of safety and efﬁcacy data
because of increased heterogeneity. Similar studies including broader
populations, however, demonstrated similar safety and survival rates
between restricted and broadened populations (9, 25). Our analysis is
limited by characteristics of our data source. The population of patients
included in CancerLinQ has not been compared with the U.S. cancer
population, although CancerLinQ participating practices are geographically diverse and mostly outside academic settings. It was also
difﬁcult to match eligibility criteria to EHR data. We simpliﬁed the

49

(A)
All
patients
with
aNSCLC

(B)
Patients
excluded
due to brain
metastases

(C)
Patients
excluded
due to other
prior or
concurrent
malignancies

10,500 (100) 2,226 (21)
1,509 (14)
Age (median and IQR) at treatment index
68 (60–74) 65 (57–71)
69 (62–75)
Age (at treatment index)
≤49 years
426 (4)
140 (6)
48 (3)
50–64
3,794 (36)
1010 (45)
484 (32)
years
65–74
3,881 (37)
752 (34)
595 (39)
years
75þ years 2,399 (23)
324 (15)
382 (25)
Sex
Female
4,647 (44)
1,086 (49)
624 (41)
Male
5,853 (56)
1,140 (51)
885 (59)
Race
White
6,813 (73)
1,365 (70)
1,009 (76)
Black
1,255 (14)
241 (12)
163 (12)
Other
1,206 (13)
357 (18)
158 (12)
Unknown
1,226
263
179
Stage at index (closest to ﬁrst-line advanced treatment)
Stage IIIb/c 3,355 (35)
334 (16)
405 (30)
Stage IV
6,354 (65)
1,714 (84)
965 (70)
Unknown
791
178
139
PS (on or ≤1 year prior to treatment index date; native ECOG
0
1,215 (28)
282 (29)
188 (30)
1
2,121 (49)
490 (50)
289 (46)
2
831 (19)
174 (18)
126 (20)
3
182 (4)
37 (4)
27 (4)
4
12 (<1)
1 (<1)
1 (<1)
Unknown
6,139
1,242
878
Smoking status (at treatment index)
Never
1,642 (16)
414 (19)
295 (21)
smoked
Former
5,225 (52)
978 (46)
708 (49)
smoker
Current
3,093 (31)
746 (35)
430 (30)
smoker
Unknown
540
88
76

(D)
Patients
excluded
due to
CrCl ≤ 60
mL/minute

(E)
Patients
included
by 3
traditional
criteria

(F)
Patients
included
by 3
broadened
criteria

(G)
Patients
included by
broadened
and excluded
from
traditional

(H)
Patients
excluded
by both
broadened
and traditional Pa

2,254 (22)

5,495 (52)

10,346 (99)

4,851 (46)

154 (2)

76 (70–81)

66 (59–72)

68 (60–74)

69 (62–76)

78 (72–84)

7 (3)
246 (11)

254 (5)
2,268 (41)

425 (4)
3,781 (37)

171 (4)
1,513 (31)

1 (1)
13 (8)

794 (35)

2,089 (38)

3,840 (37)

1,751 (36)

41 (27)

1,207 (54)

884 (16)

2,300 (22)

1,416 (29)

99 (64)

1,203 (53)
1,051 (47)

2,216 (40)
3,279 (60)

4,550 (44)
5,796 (56)

2,334 (48)
2,517 (52)

97 (63)
57 (37)

1,505 (75)
320 (16)
180 (9)
249

3,567 (74)
660 (14)
615 (13)
653

6,716 (74)
1,223 (13)
1,192 (13)
1,215

3,149 (73)
563 (13)
577 (13)
562

97 (68)
32 (22)
14 (10)
11 (<1)

1,230 (28)
3,212 (72)
409

39 (27)
103 (73)
12

562 (27)
1,021 (49)
421 (20)
95 (5)
3 (<1)
2,749

16 (18)
42 (47)
26 (29)
4 (4)
1 (1)
65

<0.001

<0.001

0.49

<0.001
710 (34)
1,352 (66)
192
or translated
231 (22)
495 (48)
248 (24)
59 (6)
2 (<1)
1,219

2,086 (41)
3,316 (35)
3,039 (59)
6,251 (65)
370
779
from Karnofsky)
637 (29)
1,199 (28)
1,058 (49)
2,079 (49)
384 (18)
805 (19)
83 (4)
178 (4)
8 (<1)
11 (<1)
3,325
6,074

0.06b

<0.001
408 (19)

732 (14)

1,616 (16)

884 (19)

26 (17)

1,195 (56)

2,802 (54)

5,145 (52)

2,343 (51)

80 (52)

543 (25)

1,650 (32)

3,057 (31)

1,407 (30)

36 (23)

108

311

528

217

12

Note: N (%) are shown in table cells, except for age, which is presented as median and IQR. When calculating percentages, “unknown” cell counts were excluded.
a 2
x tests were used to calculate P values with all categories included, except “unknown.”
b
Comparing PS < 2 versus PS ≥ 2, P ¼ 0.03.

Table 3. Numbers of patients excluded by traditional versus
broadened clinical trial eligibility criteria.
Original cohort

10,500 (100%)

Traditional criteria
Pts excluded due to brain metastases
Pts excluded due to prior/concurrent cancers
Pts excluded because CrCl ≤ 60 mL/minute
Pts excluded by one or more of 3 traditional criteria
ASCO-Friends’ broadened criteria
Pts excluded by brain metastases and prior/
concurrent cancers
Pts excluded by CrCl ≤ 30 mL/minute cutoff
Abbreviation: Pt, patient.
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2,226 (21.2%)
1,509 (14.4%)
2,254 (21.5%)
5,005 (47.7%)
0 (0%)
154 (1.5%)

deﬁnition of brain metastases to present or absent, rather than using
ASCO-Friends’ recommendations’ consideration of treated and/or
stable metastases. Classiﬁcation of diagnosis codes for another primary
cancer at metastases sites as NSCLC metastases had a small impact
(<1%). Record curation helped ensure very few patients were
mischaracterized.
Conclusions
Broadening three common eligibility criteria would have allowed
nearly twice as many patients (5,495 vs. 10,346) within this RWD
analysis to meet eligibility criteria for clinical trials. With broadened
eligibility, patients are more representative of the range of patients with
aNSCLC, thus increasing the likelihood for deﬁnitive trials. Per ASCO
and Friends’ recommendations, eligibility criteria should be carefully
selected and reﬂect safety concerns and compelling scientiﬁc rationale

Authors’ Disclosures
E. Stepanski reports employment with ConcertAI, a company that conducts
research using real-world data. T.S. Uldrick reports other from Merck, Roche, and
Celgene/BMS outside the submitted work, as well as a patent for US 10,001,483 B2
issued to Celgene and NCI. S. Khozin reports receiving salary from Johnson &
Johnson outside the submitted work. R.S. Miller reports employment with American
Society of Clinical Oncology. R.L. Schilsky reports grants from AstraZeneca, Bayer,
Boehringer Ingelheim, Bristol Myers Squibb, Genentech, Lilly, Merck, and Pﬁzer
outside the submitted work. E.S. Kim reports personal fees from AstraZeneca,
Boehringer Ingelheim, and Genentech outside the submitted work. No disclosures
were reported by the other authors.

Disclaimer
Figure 2.
Effect of traditional versus broadened eligibility criteria by ages represented
(N ¼ 10,500 patients with aNSCLC).
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The Friends of Cancer Research Real-World
Data Collaboration Pilot 2.0: Methodological
Recommendations from Oncology Case
Studies
Donna R. Rivera1, Henry J. Henk2, Elizabeth Garrett-Mayer3, Jennifer B. Christian4, Andrew J. Belli5,
Suanna S. Bruinooge3, Janet L. Espirito6, Connor Sweetnam7, Monika A. Izano7, Yanina Natanzon8,
Nicholas J. Robert6, Mark S. Walker8, Aaron B. Cohen9, Marley Boyd6, Lindsey Enewold10, Eric Hansen5,
Rebecca Honnold11, Lawrence Kushi12, Pallavi S. Mishra Kalyani1, Ruth Pe Benito11, Lori C. Sakoda12, Elad
Sharon10, Olga Tymejczyk9, Emily Valice12, Joseph Wagner4, Laura Lasiter13 and Jeff D. Allen13,*
The purpose of this study was to evaluate the potential collective opportunities and challenges of transforming
real-world data (RWD) to real-world evidence for clinical effectiveness by focusing on aligning analytic definitions
of oncology end points. Patients treated with a qualifying therapy for advanced non- small cell lung cancer in the
frontline setting meeting broad eligibility criteria were included to reflect the real-world population. Although a
trend toward improved outcomes in patients receiving PD- (L)1 therapy over standard chemotherapy was observed
in RWD analyses, the magnitude and consistency of treatment effect was more heterogeneous than previously
observed in controlled clinical trials. The study design and analysis process highlighted the identification of pertinent
methodological issues and potential innovative approaches that could inform the development of high- quality RWD
studies.
Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE
TOPIC?
 The use of real-world evidence (RWE) in drug development
is expanding and various applications are being investigated.
Efforts to develop common methodological frameworks and
align on key variable definitions are needed to support harmonized data collection and standards.
WHAT QUESTION DID THIS STUDY ADDRESS?
 A common collaborative research protocol was used across
distinct real-world data (RWD) assets to assess the level of
standardization capable across datasets and the utility of different real-world end points.

WHAT DOES THIS STUDY ADD TO OUR
KNOWLEDGE?
 Comparison of results highlights areas of concordance, suggesting that real-world time to next treatment line and real-world
time to treatment discontinuation may be useful early clinical end
points that may be used in prospective studies, although concerns
regarding data missingness and potential biases are acknowledged.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR TRANSLATIONAL SCIENCE?
 This study illustrates the power of multistakeholder collaboration to identify both the challenge and the importance of
methodological rigor in RWD efforts to support generation of
high-quality RWE.

The 21st Century Cures Act was enacted in 2016, to evaluate the
health policy goals of trial design modernization and use of realworld evidence (RWE) creating numerous synergistic efforts.1
These efforts aim to further understand ways in which RWE may
complement or supplement randomized controlled trial data for

regulatory purposes.2–6 Evaluating applied examples of real-world
data (RWD) and the generation of RWE are central to this effort. We build on the foundational work from the Duke-Margolis
Center for Health Policy2,3,6 and the National Academies of
Science, Engineering, and Medicine (NASEM)5 by highlighting

1
US Food and Drug Administration, Bethesda, Maryland, USA; 2OptumLabs, Cambridge, Massachusetts, USA; 3Americal Society of Clinical Oncology,
Alexandria, Virginia, USA; 4IQVIA, Durham, North Carolina, USA; 5COTA, Inc, Boston, Massachusetts, USA; 6Ontada, Irving, Texas, USA; 7Syapse, San
Francisco, California, USA; 8ConcertAI, Cambrdige, Massachusetts, USA; 9Flatiron Health, New York, New York, USA; 10National Cancer Institute,
Bethesda, Maryland, USA; 11Tempus, Chicago, Illinois, USA; 12Kaiser Permanente, Oakland, California, USA; 13Friends of Cancer Research, Washington,
DC, USA. *Correspondence: Jeff D. Allen (jallen@focr.org)
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considerations for study concept, design, and analysis, such as extracting key patient characteristic data and standardizing key variable definitions, with the goal of implementing a shared research
protocol across distinct RWD assets. Friends of Cancer Research
(Friends) collaborated with 10 data partners using oncology RWD
from administrative claims, electronic health records (EHRs),
prior authorization systems, and/or cancer registries, to conduct
Pilot 2.0 evaluating outcomes for patients with advanced non-small
cell lung cancer (aNSCLC) receiving systemic frontline therapies.7
Friends’ Pilot 2.0 builds upon the results from Pilot 1.0, which
included 6 data partners that evaluated the performance of realworld end points across multiple data sources.4 These studies
evaluated immunotherapy utilization for the treatment of aNSCLC to evaluate outcomes including overall survival (OS), which
have previously indicated treatment benefit.8,9 Furthermore, this
subsequent study aimed to provide specific considerations in the
development and design of RWD studies based on shared learnings arising from the observed variability among data sources.
Methodological solutions were explored to address variability and
enhance the alignment of target study populations for appropriate comparison of study outcomes. We discuss a potential strategy
for standardization, including development of a common lexicon
to describe and evaluate RWD quality, and share specific lessons
learned from our experience implementing a common research
protocol across varied RWD sources.
METHODS
Data partners and data sources
RWD partners that participated in this study represent data from a
range of settings, including community oncology centers, academic
medical centers, health systems, and integrated delivery system networks in the United States. The contributing partners included: ASCO
CancerLinQ/ConcertAI,10–13 Cancer Research Network,14 COTA,15
IQVIA,16 Ontada (formerly McKesson),17 SEER-Medicare,18 Syapse,19
and Tempus.20 In addition, Flatiron Health, Mayo Clinic, OptumLabs,
and Aetion also contributed to the early phase study design. Data curation
included approaches that were unique to each participant based on availability, including natural language processing, artificial intelligence tools,
technology enabled abstraction, and chart review. Common definitions
were established (Table 1) and parallel analyses were performed by each
group and summary results were submitted to FOCR.
Population
Each cohort selected patients with aNSCLC treated in the first line setting for advanced/metastatic disease with platinum doublet chemotherapy (PDC), PD-(L)1 monotherapy, or PD-(L)1 therapy in combination
with platinum doublet chemotherapy (combination), as per the defined
eligibility criteria (Figure 1). Patients were documented as having been
physically present at a practice or as having had an encounter (defined as
a physician visit, i.v. administration, or vitals documentation) in the database on at least 2 separate occasions on or after January 1, 2011, until data
cutoff date (March 31, 2018). For the claims-based data source, patients
were required to be enrolled on or after January 1, 2011, and before the
data cutoff date (March 31, 2018). Determination of the end of follow-up
(censor date) varied by participating institutions and was based on the
most recent date for which complete information was available for the
outcome of interest.
Population eligibility was limited to two primary factors that were
known to be captured well across all data sources: (i) diagnosis: cancer
type (aNSCLC) and (ii) treatment: documented receipt of a qualifying

treatment regimen for advanced disease. Evidence of advanced disease was
defined as stage IIIB, IIIC, or IV NSCLC at initial diagnosis or early stage
(stages I, II, and IIIA) NSCLC with a recurrence or progression to metastatic disease (locally advanced or metastatic disease who had not received
prior systemic therapy). The study maintained broad eligibility criteria,
reflecting a real-world population. As such and due to varying levels of
data availability between RWD sources, clinical characteristics often defined as eligibility criteria for clinical trials, such as organ function (renal
and hepatic), PD-(L)1 status, and evidence of brain metastases, were not
included.
Although histology was available from all data sources, it was included
as a covariate in regression models but not as part of the inclusion/exclusion criteria due to sample size concerns. Adequate organ function is often
considered in the use of PD-(L)1 therapy in routine clinical practice; however, laboratory values of organ function were not available from all data
sources. Among the four data sources with available lab results, < 1% of patients were identified with severe hepatic or renal dysfunction, suggesting
the treatment regimens studied were rarely used in patients with organ impairment and this exclusion, if applied, was expected to have little impact
on study findings. Similarly, availability of PD-(L)1 status varied across
the data sources and could not be included as a required covariate. Last,
brain metastases may not be adequately captured in RWD sources, and
lack of affirmative evidence of brain metastases was considered inadequate
as a proxy for absence of brain metastases. Consequently, we adjusted for
evidence of brain metastases but did not consider presence or absence of
brain metastases in patient selection.
Frontline treatment
Treatment groups were defined based on exposure to PDC regimens
(cisplatin/carboplatin, oxaliplatin, or nedaplatin with pemetrexed,
paclitaxel, nab-paclitaxel, or gemcitabine), PD-(L)1 therapy (atezolizumab, nivolumab, or pembrolizumab), or combination therapy in the
frontline setting. Treatment regimen was identified within each data
source based on medication orders, medication administration records,
medical claims, or infusion databases. Informed by expert clinical input,
frontline regimen was defined as the first chemotherapy regimen given
subsequent to the date of advanced diagnosis, and included all administered agents initiated within 30 days following the day of first infusion.
All therapies were eligible for capture from the date of study initiation;
however, it should be noted that approval of PD-(L)1 immunotherapy for
aNSCLC did not occur until October 2015.
Study end points
The pilot included assessment of three end points: real-world overall
survival (rwOS), real-world time to treatment discontinuation (of
frontline regimen; rwTTD), and real-world time to next treatment
line (rwTTNT). Overall survival (rwOS) was measured as the length
of time from the date of first treatment administration in the frontline
therapy regimen (index date) to the date of death or disenrollment (defined as the last known recorded clinical activity in structured data);
however, completeness and validation of mortality data sources for
rwOS varied across groups. End points that could be uniformly operationalized across RWD sources were chosen specifically for their
capacity to convey important information associated with treatment
benefit. Because disease progression is not uniformly defined nor
captured in RWD sources, yet is clinically associated with regimen
discontinuation or initiation of a new regimen or modality across
therapeutic classes, rwTTD and rwTTNT were selected as measurable
parameters to evaluate as end points instead of real-world progressionfree survival, where rwTTD was defined as the length of time from
the index date to the date of frontline treatment discontinuation.10
There are notable limitations to interpretability of the TTD end point
because the standard chemotherapy (PDC) regimens in the metastatic
setting which are expected to continue for four to six cycles, whereas
the use of PD-(L)1 therapy may continue indefinitely requiring
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Table 1 Harmonized definitions employed in the pilot project
Term

Harmonized definition

Decision impact

Population
Advanced NSCLC

All data sources had the ability to identify patients
diagnosed with NSCLC. Evidence of advanced disease was
defined as either stage IIIB, IIIC, or IV NSCLC or earlystage (stages I, II, and IIIA) NSCLC with a recurrence or
progression at initial diagnosis.

Including patients diagnosed early stage (stages I,
II, and IIIA) NSCLC with a recurrence or progression
to advanced or metastatic status improved sample
size for analysis but created a less homogeneous
population of both newly diagnosed and previously
treated (vs. patients newly diagnosed lung cancer).

Frontline

Patients were required to have no evidence of treatment in
180 days before the date of diagnosis and evidence of an
eligible treatment within 120 days after diagnosis

Patients who have delays to treatment initiation would
not be included.

Histology was not required for inclusion

Histology was not universally collected, although
subanalysis feasible. Results reflected overall aNSCLC
trends but were less specific to a histology subtype.

The study population was not limited to those meeting
eligibility criteria common for inclusion in a clinical trial
(e.g., kidney function, performance status)

Data on organ function and performance status at or
prior to treatment initiation was not often available
or difficult to ascertain in RWD sources, although
subanalysis was feasible. The population may be less
like the RCT population(s).

Drugs

The following medications were included representing
traditional chemotherapy or IO given after the date
of diagnosis: cisplatin/carboplatin, oxaliplatin, or
nedaplatin with pemetrexed, paclitaxel, nab- paclitaxel, or
gemcitabine; atezolizumab, nivolumab, or pembrolizumab.
Oral agents were not included.

Regimens are subject to misclassification, particularly
in the doublet chemotherapy cohort. Patients starting
on a PD- (L)1 should not be ALK or EFGR positive.

Frontline (first
line regimen)
assignment

Frontline regimen was defined as all administered agents
received within 30 days following the day of first infusion.

Misclassification or omission of patients with
delays to full treatment initiation in the first 30 days
was possible. This would not impact the PD- (L)1
monotherapy cohort, as additional therapy would not
be expected.

rwOS

Length of time from the date of treatment initiation to the
date of death or end of follow- up; or end of study

Date of initiation may bias toward slightly shorter
event times compared with clinical trials which can use
date of randomization or enrollment instead. Missing
events, on average, tend to make survival outcomes
look better than in trials, especially if missingness is
not independent of timing of death events.

rwTTNT

Length of time from the date of treatment initiation to the
date of the next systemic treatment. When subsequent
treatment is not received (e.g., continuing current
treatment or disenrollment not due to confirmed death),
patients were censored at their last known activity.

Missingness for subsequent treatment, including
receiving treatment outside the system of capture
is a limitation. This measure is also affected by the
clinical guideline recommendations for administration
of treatment cycles which can vary by regimen and has
to be evaluated for comparability prior to the study to
ensure appropriate interpretation.

rwTTD

Length of time from the date of treatment initiation to the
date of patient treatment discontinuation the. The study
treatment discontinuation date was defined as the last
administration or noncancelled order of a drug contained
within the regimen. Discontinuation was defined as having
a subsequent systemic therapy after the initial regimen,
having a gap of more than 120 days with no systemic
therapy following the last administration, or having a date
of death while on the initial regimen. Patients without a
discontinuation were censored at the end of follow- up.

At the patient level, TTD is associated with PFS across
therapeutic classes.21

rwTTP

Progression was omitted as claims- based algorithms are
inadequate and among the EHRs progression events are
not consistently captured in structured data. Unlike in
clinical trials, there is not a uniform criterion (e.g., RECIST)
in the off- protocol setting for determination of disease
progression.

As TTP and PFS are accepted outcomes in clinical
trials, comparison of these outcomes to randomized
trials of similar regimens were limited by the data
available.

Histologic subtype

Eligibility criteria

Regimens

End points
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Table 1 (Continued)
Term

Harmonized definition

Decision impact

Analysis
Estimation

Kaplan- Meier estimation was used to describe distribution
of end points for each dataset for each regimen, and for
estimating key time points (e.g., 6- month, 12- month event
rates) with confidence intervals.

Comparisons

Proportional hazards regression, adjusting for prognostic
factors available to all groups.

Additional analyses

For OS, censor all events at 24 months and re- estimate
HRs for treatment effect, adjusted for other prognostic
variables.

ALK, anaplastic lymphoma kinase; aNSCLC, advanced non- small cell lung cancer; EHR, electronic health record; HR, hazard ratio; IO, intra- osseous; NSCLC, nonsmall cell lung cancer; OS, overall survival; PFS, progression-free survival; RCT, randomized controlled trial; RECIST, Response Evaluation Criteria in Solid Tumors;
rwOS, real- world overall survival; rwTTD, real- world time to treatment discontinuation; rwTTNT, real- world time to next treatment line; rwTTP, real- world time to
treatment progression.

cautious interpretation of this end point in alignment with the clinical context for treatment. As a measure of regimen-specific treatment
patterns, rwTTNT was defined as the time from the index date to the
initiation of the subsequent regimen or date of death to assess changes
in care. To avoid incorrectly identifying patients discontinuing treatment (e.g., leaving the health plan while still on treatment), the operational definition of rwTTD further required identification of patients
whose event times were censored due to death or insufficient follow-up. Sufficient follow-up was defined as 120 days with no systemic
therapy following the last administration of treatment in the frontline
setting. Because mortality is more likely to be under-reported than
over-reported in most widely available sources, rwOS, as presented in

Kaplan-Meier curves in this study, likely overestimates the true rwOS
distribution in this patient population (and could appear somewhat
longer than corresponding data from clinical trials, which tend to have
more complete follow-up requirements); nonetheless, rwOS is useful
for evaluation in a real-world setting, especially in comparative evaluation of proxy end points in real-world studies, and was included as an
end point in Pilot 2.0.
Data standardization and analysis
Collaborators jointly developed a common research protocol a priori,
including definitions on patient selection criteria, key covariates, and
outcomes, which were collected within a uniform reporting template

Figure 1 Cohort construction, including data from all data sources. aNSCLC, advanced non- small cell lung cancer; EHR, electronic health
record; PDC, platinum doublet chemotherap; PD- (L)1, programmed cell death protein 1/programmed death- ligand 1; RWD, real- world data.
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and accompanied by a detailed statistical analysis plan (Supplementary
Protocol). Each RWD partner operationalized the common research
protocol based on characteristics of each data source and technological
feasibility, conducting analyses on their respective datasets individually,
and reporting summary-level results via the uniform reporting template
due to patient privacy, technical complexity, and proprietary nature of
the datasets. It was deemed infeasible to aggregate or merge the data for
analytic purposes and, instead, collaborators sought to standardize definitions and harmonize processes (Table S1). The development of each
analytic dataset was subject to data availability and software programming accessible to each RWD partner. Each collaborator has established
curation processes designed to evaluate the quality and completeness of
their data. Thus, such research-ready databases may not reflect typical
EHR data available or health insurance claims data that have not been
subjected to such ongoing data curation.
Analytic methods were applied to account for several key sources of
variation in the availability of follow-up data; specifically, impact of
length of healthcare enrollment, year of treatment initiation, and therapy availability based on US Food and Drug Administration (FDA)
approval dates. Kaplan-Meier estimation was used to describe the distribution of each end point (rwOS, rwTTD, and rwTTNT) for each
regimen by RWD source. Presentation of the survival curves per regimen was important to assess differential follow-up across data source,
and across regimens within sources, and to demonstrate censoring rates
which varied across data sources. Proportional hazards regression was
used to compare treatment arms for each end point, adjusting for prognostic factors reasonably available to all groups: status at diagnosis (advanced at diagnosis vs. early stage and progressed to aNSCLC), stage,
age, year of treatment initiation, gender, race, histology, smoking history, PD-(L)1 expression status, Eastern Cooperative Oncology Group
(ECOG) performance status, and time to treatment initiation from
3'&

Clinical and demographic characteristics were similarly distributed within treatment groups for each RWD source (Figure 2).
Geographic coverage varied by data source. There are notable differences in missingness of certain variables across data sources (e.g.,
smoking and performance status; Figure 2). Overall utilization of
PD-(L)1 and combination regimens increased over the study period, with the earliest use of PD-(L)1 therapy starting in 2015.
Median rwOS ranged from 10–17 months for PDC across
data groups (Figure 3a) and was 12–18 months in the PD-(L)1
groups (Figure 3b). Kaplan-Meier curves for rwOS, rwTTD, and
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diagnosis. All prognostic factors were included as nominal categorical
covariates, with continuous variables (e.g., age) converted to categorical scales. To address missingness and avoid excluding patients who had
missing values for any of the prognostic factors, each covariate included
a “missing/unknown” category. Hazard ratios (HRs) from regression
models comparing PD-(L)1 to PDC and combination to PDC are presented with 95% confidence intervals (CIs).
The study included patients initiating treatment for aNSCLC in 2011,
whereas approval of PD-(L)1 immunotherapy for aNSCLC did not occur
until October 2015, skewing the length of available follow-up data toward the PDC cohort. Uptake of PD-(L)1 and combination increased
during 2016 and combination during 2017–2018, respectively, limiting
follow-up, comparisons, and inferences related to this cohort to a 2-year
period. A sensitivity analysis was conducted censoring all patients without
an event at 24 months and re-estimating HRs for treatment effect to assess
the impact of differential follow-up among the different treatment cohorts
(results not shown).
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Figure 2 Characteristics of treatment groups within participating data sources. Numbers in table represent percent of patients in each
category. Coloring ranges from bright green (0%) to bright orange (100%) to highlight areas of differences across data sources for the same
treatment.
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Figure 3 Kaplan- Meier curves for overall survival (OR) for (a) PDC and (b) PD- (L)1; hazard ratios with 95% confidence intervals (vertical
bars) comparing PD- (L)1 to PDC for (c) OS, (d) time to treatment discontinuation, and (e) time to next treatment (TTNT). PDC, platinum
doublet chemotherapy; rwOS, real- world overall survival; rwTTD, real- world time to treatment discontinuation; rwTTNT, real- world time to next
treatment.

rwTTNT for all treatment groups are provided in Figures S1, S2
and S3. The 1- and 5-year rwOS estimates for PDC were within
a similar range across datasets. HRs (with 95% CIs) in Figure 3c
comparing rwOS for PD-(L)1 vs. PDC, adjusted for a common
set of covariates, suggest no evidence of association: HRs range
from 0.88 to 1.22 with all 95% CIs overlapping 1. The direction
of the association varied among data partners, with 3 having HR
estimates greater than 1 (1.06, 1.09, and 1.22), 2 with HR estimates
less than 1 (0.88 and 0.88), and 2 with HR estimates at almost exactly 1 (0.99 and 0.99). Although there was consistency in rwOS
curves across data sources within each treatment group for PD(L)1 and for PDC through ~ 6 months, there was more variability
in rwOS curves in the 0-to-6-month time period in the combination rwOS curves (Figure S1). This may be due to smaller sample
sizes in the combination cohorts, leading to more imprecise estimates. For both rwTTD and rwTTNT, HRs were less than 1 (in
all but one case; Figure 3e, group C), demonstrating that patients
on PD-(L)1 had longer times on treatment than patients who received frontline PDC in these populations studied. There were
differences observed in rwTTD, with HR (range, 0.40 to 0.65;
Figure 3d); however, these results should be considered in the context of certain therapeutic regimens having a set number of cycles of
therapy prior to discontinuation, particularly in the PDC cohort.
Associations were also observed for rwTTNT, with smaller effect
sizes, with HR (range, 0.51 to 0.80; Figure 3e). Similar results were
observed when comparing combination to PDC (Figure S4). The

evaluation of results and conduct of this RWD study led to a set of
methodological best practices when designing a RWD study across
a multistakeholder group (Table 2). Discussion of the importance
of the considerations of confounding by key prognostic factors is
discussed in Supplementary Materials (Figure S5).
DISCUSSION AND RECOMMENDATIONS

The Friends’ RWE Pilot 2.0 was a collaborative effort among
participating data partners building upon prior work conducted
under Pilot 1.0.4 The updated collaboration further evaluated
the performance of real-world end points across RWD sources in
answering a common clinical question, specifically on outcomes
among patients with NSCLC who received treatment (PDC,
PD-(L)1, or combination) in the first-line advanced or metastatic
setting. Through a collaborative common protocol, all RWD
partners used the following process steps and engaged in weekly
communication for RWD evaluation: (i) common shared protocol
and statistical analysis plan (SAP), (ii) standardizing definitions
across datasets, (iii) variance in methodological approaches (acceptable variance), (iv) data quality and sensitivity analysis, and (v)
transparency by reporting limitations. The study showed broadly
similar patterns of outcomes in which the distribution of rwOS
was consistent across treatment cohorts among the patient cohorts
with similar characteristics (Figure 2), but PD-(L)1 containing
regimens had longer TTD and TTNT than PDC, demonstrated
by estimated HRs in Figure 3 and Figure S4. However, there was
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Table 2 Recommendations from the RWE Pilot 2.0 for developing a common RWD protocol to achieve consistency and
increase reproducibility using a format that minimizes ambiguity or subjectivity in interpretation of definitions or analysis
approaches
Recommendation/
Sub- recommendation

Shared variables that are commonly available across data sources should be used for defining patient
inclusion in the study. In the RWE Pilot 2.0, cancer diagnosis (including stage and cancer type) and
treatments receipt (platinum doublet and immunotherapy) were the primary criteria. Given that the
goal was to make real- world inferences, the eligibilities were based on the population of interest for
generalizability. For example, if the goal was to assess treatment differences in patients with advanced
age, the age range would be limited to adequately address that question in this study.

Collaborative common RWD
protocol

The collaborative protocol should determine a list of core common required data elements, common
variables available in a variety of formats that require translation (e.g., age groups; gender and race
categories) should be described, definitions (e.g., exposure and end points) should be included, and
standardized reporting formats should be agreed on prior to study initiation. Include a standard reporting
template complete with table and figure drafts to create understanding around the intended results to be
generated.

Define core common key data
elements

Establish a core set of data elements with standard definitions enables greater comparability. Variables
may have varying levels of availability in RWD, and their relevance for inclusion as a required variable
depends on the relation to the study question. Structured data such as age and sex, are minimal common
data elements that are typically readily available across independent data sources and requisite for
analysis. However, other data elements demand thoughtful consideration and transparency such as (ii)
variables available in different formats (e.g., PD- L1 biomarker +/− indicator vs. expression), (ii) variables
requiring derivation (e.g., ICD codes vs. laboratory values in the definition of reduced organ function), or
(iii) variables requiring extraction from unstructured data (e.g., status of advanced at initial diagnosis vs.
progression after initial diagnosis).

Align clinical variables and
laboratory values

Key clinical and analytic variables should be identified and aligned as needed, and it should be determined
whether strict variable definitions are required for inclusion criteria or if variations are acceptable. Variance
in measurement can lead to subsequent impact on outcome calculations. For example, kidney function
or genomic testing may be extracted from structured or unstructured data, where a source could have
data ranging from the actual lab values to markers of function (e.g., laboratory tests for organ function,
CrCl, ICD-9/10 indicating dysfunction) or indicators of testing to specific testing results (e.g., PD- (L) test
completed to expression percentage). In areas where variation is accepted, the use of sensitivity analyses
to examine variance is useful to guide inappropriate interpretation. Implement a well- developed common
protocol for all RWD studies a priori to ensure internal and external replication.

Data quality assessment
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Description

Defining the eligibility criteria

Development of a template for quantitative evaluation of data distributions, quality, and missingness
may provide a quantitative approach to understanding data availability and missingness for improved
interpretation. However careful evaluation by a representative team that has deep knowledge of the data
curation, extraction, and provenance is necessary. The use of quality indicators for data or consensus on
problematic missingness for key covariates may inform the study design.

End point selection

Commonly used end points in clinical trials may not be practical or replicable in RWD. As an example,
rwTTP and rwPFS were not included in Pilot 2.0. Challenges with measuring rwTTP and rwPFS exist: claimsbased algorithms are limited, relying on proxy measures for progression and consensus definitions among
EHRs data sources were prohibitively difficult to establish because of differences in capture and reporting.
While uniform criterion (e.g., RECIST) allow protocol directed establishment of progression in clinical trials,
progression outcomes are not consistently captured in RWD as there is currently a lacking capability in
the off- protocol setting for determination of disease progression. Additional endpoints, rwTTNT and rwTTD,
are more readily accessible in RWD. While survival outcomes (rwOS) are easier to define and measure in
most RWD sources, sources are often missing mortality information on a large fraction of patients, which
affects estimation of rwOS parameters (e.g., median rwOS) and substantially limits interpretation, while
incurring additional biases due to missing data. Linking to additional data sources which include more
complete mortality data could improve end point ascertainment and should be done if feasible to make
estimates based on rwOS more accurate and evaluable to other studies, such as clinical trials.

Defining event times and
censoring

When evaluating endpoints, there is a need to it may be most reasonable merge clinical applicability with
analytical feasibility. For example, in defining rwTTD, groups had to align on the appropriate time period
that would equate with without no treatment receipt to be considered a discontinuation. An additional step
in the process would be evaluating the potential to share software code between groups for replicability
and additional validation.

Statistical analysis plan

SAP must be written comprehensively with sufficient detail to reduce the risk of deviations in methods
used and characterizations of variables in models or tests. In conjunction with the SAP, it is instrumental
that the protocol includes table and figure templates to ensure that all groups have the same
understanding of the intended results to be generated, and the models required to reduce variance in
interpretation. Developing tables within the shared research protocol allowed groups to consider subtle
differences in modeling that would not have arisen without having developed them in advance.
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Table 2 (Continued)
Recommendation/
Sub- recommendation

Description

Addressing missing data and
potential biases

Approaches for quantifying and accounting for missing data in analyses should be considered in the
protocol to maintain study integrity while minimizing biases in the interpretation of results.24 Data
missingness should be evaluated by a team that has deep knowledge of the data curation, extraction, and
provenance. Imputation should be carefully considered, given the potential for missingness of variables
to be related to patient outcomes (i.e., informative missingness) in RWD; choices such as imputation of
the data or use of the missing category in modeling have implications for study analyses and inferences.
Additionally, use of bias quantification approaches may be useful in appropriate interpretation of the
results and understanding study limitations, which in RWD are often limitations of the underlying data.

Assess sample size

Because the number of patients in RWD sources is often based on retrospective data availability, study
planning for RWD studies may not consider sample size and the power to detect clinically relevant effects.
Even so, it is important to ensure that the sample size is sufficiently large to be able to derive meaningful
inferences. If the study is underpowered, modeling may be infeasible or hypothesis tests can tend to
find “insignificant” findings with wide confidence intervals, leading to potentially misleading results. In
contrast, if the RWD source provides a very large sample, the study may be overpowered and there will
be a tendency to over- interpret statistically significant findings. Statistically significant P values do not
necessarily imply clinical significance. In that case, interpretation of results could focus effect estimates
with their confidence intervals (or similar quantities), and not necessarily alone on P values.

Cautious inference

Even with careful attention to adjustment for population differences, there are inherent selection bias and
unmeasured confounding as well as cohort effects that may not be able to be accounted for in a study;
these limitations of RWD need to be appropriately addressed in the interpretation of results, inferences,
and conclusions of RWE studies.
In our study, while there were no obvious differences in the patient characteristics included in Pilot 2.0
across treatment cohorts, the clinical standard of care was likely to differ for the PDC population before
and after FDA approval for PD- (L)1 therapies. Similarly, comparisons of results from RWE studies to results
from clinical trials need to be cautious given underlying differences in patients treated in clinical trials
vs. those in available in RWD sources; these differences are expected due to limited adult clinical trial
participation in patients with cancer (3– 5%) and strict trial eligibility criteria. This is a strength of RWD in
allowing expansion of eligibility criteria to better understand use in a real- world population which is, in turn,
a limitation in comparative efforts due to the aforementioned selection bias.

Diverse Multidisciplinary
Research Team

Perhaps the most pivotal part of the process in an RWD study is developing a multidisciplinary team,
including clinicians, biostatisticians, epidemiologists, and data scientists, to ensure that studies are
clinically relevant with appropriate methods utilized to optimally account for potential biases arising from
the observational nature of RWD. Teams are encouraged to include patient stakeholders and diverse
representation in the conversation, as this is most effectively accomplished as a team science effort.

CrCl, creatinine clearance; EHR, electronic health record; ICD, International Classification of Disease; RECIST, Response Evaluation Criteria in Solid Tumors;
RWD, real- world data; RWE, real- world evidence; rwOS, real- world overall survival; rwPFS, real- world progression-free survival; rwTTD, real- world time to treatment
discontinuation; rwTTNT, real- world time to next treatment line; rwTTP, real- world time to treatment progression.

notable variability in parameter estimates across data sources, differences in the level of missingness of certain variables of interest
to the analysis; and, therefore, differences in subgroup evaluations,
as shown in Figure 3.
This study demonstrated a successful collaboration aimed at
examining research methodologies to provide approaches to measure treatment effects for patients treated in real-world settings and
highlights continuing challenges regarding how to best use RWE.
For example, different sources of RWD may arrive at similar conclusions regarding relative effectiveness of therapies or heterogeneity may emerge that is not sufficiently able to be overcome or
interpreted. Compared with other end points evaluated, rwTTNT
showed greater consistency of findings across sources (Figure S2).
However, all the outcomes reported here were more consistent
across data sources for the patients treated with PDC than for those
treated with a PD-(L)1 agent or combination, seemingly because of
the greater number of chemotherapy recipients (improving precision of estimates for PDC parameters). This suggests that rwTTNT
may be less susceptible to the impact of the data variations that exist
among RWD sources than other end points, but also highlights the

importance of sample size in the stability of parameter estimates.
Additionally, whether rwTTNT could be appropriate as an end
point in a comparative RWD analysis for a regulatory objective
would require additional considerations as this end point does not
strictly measure efficacy; further validation would be necessary as it
has not been evaluated in a clinical trial setting. However, it could be
considered alongside other measures in a pragmatic prospective design. Additional development and validation of these end points is
needed, including further exploration around the guidance for clinical use cases for real-world end points as well as ways in which they
can be constructed to ensure appropriate interpretability of findings.
Although RWD studies may provide an opportunity for increased
generalizability and access to expanded populations, study-specific
sample size calculations are still necessary to inform study feasibility.
Widely used end points in traditional cancer clinical trials may
not be practical or replicable across diverse sources of RWD and
pose clear challenges to implementation, particularly when using
RWD to construct an external control arm. For example, RWD
sources face current challenges with measuring progressionbased endpoints (e.g., real-world progression-free survival and
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real-world time to treatment progression) including lesser accessibility in claims sources where measurement algorithms are not
well-established. Disease progression determination tends to be
subjective and may not be uniformly defined across or within and
EHR-based data sources and is a future area of investigation for
the RWE pilot projects. In contrast, OS is objectively defined,
and represents the least variable real-world end point. The use of
rwOS, particularly in prospective randomized pragmatic trials,
represents an opportunity for use of RWD, particularly where the
length and size of such a study would be considered impractical
in the traditional clinical trial setting. Despite this potential advantage, it is documented that RWD may be missing mortality
information on a large set of patients, which can limit the utility of rwOS in these instances especially in a regulatory context.
Understanding the mechanism of missingness (and whether it is
random or nonrandom), and potentially incorporating mortality
data from external sources are considerations for inferences related
to rwOS.22
Pilot 2.0 illustrates the importance of considering the potential for selection biases present in RWD, and furthermore in the
evaluation of these considerations across diverse data sources.
The conditions which cause patient information to be present
within a given data source may not be at random, could be associated with the outcome or exposure of interest, and may also
be subject to systematic information biases.23 The likelihood
that patient information may be present in a particular source
may depend on the practice, treating physician, geography, age,
employment, income level, social determinants of health, legal
residency status of patients, or other ascertainment practices by
the data partner. These factors may be prognostic and therefore
associated with the outcome of interest. The evaluation of these
types of systematic biases, including selection and information
bias, required a multidisciplinary team evaluation to ensure the
clinical, statistical, and epidemiological factors are evaluated adequately. Future research to quantify the impact of these biases
would improve the ability to interpret the impact of study variance (in between cohorts and among data sources) for patient,
clinical, and regulatory decision making. This research also
shows the importance of intentionally considering the clinical
perspective of how care delivery and treatment may have changed
over time (including evaluation of time varying confounding),
as well as how the recency of the data and the duration of follow-up may affect the study results regarding treatment patterns
described by the data. The heterogeneity present across the Pilot
2.0 data sources also exemplifies the challenges in interpretation
of RWD within the context of evidence from traditional clinical
trials, especially in any direct comparative or emulative efforts.
The real-world sample is less likely to be highly selected with
increased comorbidities and increased diversity. Thus, RWD
studies may show overall treatment effects that are more modest
than those reported in trials; however, they likely could be more
representative of the real-world experience of patients. This may
provide increased generalizability, especially to the intended
treatment population. Establishing population representativeness, including being nationally representative, was beyond the
objectives of this study. Acknowledging the benefit of improved
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representativeness, lack of randomization in retrospective RWD
analyses makes causal inference on comparisons challenging and
thus differential benefits or harms seen when comparing nonrandomized RWD cohorts should be considered hypothesis
generating at present.
Future research on methods for standardization of an approach to categorize data and establish objective measures of
data quality that incorporate pertinent RWD assessments is
needed. Establishing objective measures of data quality that
incorporate assessments of longitudinality, temporality, missingness, and representativeness, perhaps benchmarked against
key features of established datasets, would represent an essential advance. This study was limited by inherent factors of retrospective observational research, and by factors unique to the
collaborative nature of this effort. First, although data sources
were independent, it is unknown to what extent patients are represented in more than one source because of limitations around
patient level data access as well as the inability to do any type
of matching (comparability). To the extent this occurred, there
could be duplication and sources would tend to appear more
similar. Second, the data partners conducted their analyses independently, albeit following a carefully developed and detailed
analysis plan. Nevertheless, different software packages were
used which may have allowed for use of slightly different methods in areas not specifically governed by the analysis plan. Third,
there was substantial missingness in certain data types across the
data sources. This is likely to have influenced OS estimates for
these sources. Additionally, information regarding oral agents
was not included and the analysis was not able to account for
receipt of certain targeted therapies, which may have been more
common in the PDC cohort. Unobserved factors may have influenced receipt of specific treatments. Last, control of potential
confounding in this study was limited by the need to implement
a uniform analysis across data partners. This approach allowed
for comparability of findings across data sources; however, patient characteristics that could have been included as potential
confounders in analyses within individual data sources were not
included in adjusted analyses in the interest of the broader research goal.
Lessons from the experience of Pilot 2.0 are presented as recommendations for future work in Table 2. Friends and the data
partners have shown that a diverse group of research enterprises
can collaborate effectively to advance the use of oncology RWE.
Comparison of results highlights areas of concordance, suggesting
that rwTTNT and rwTTD may be useful early clinical end points
that may be used in prospective studies, although concerns regarding data missingness and potential biases are acknowledged. In
summary, the study illustrates the power of multistakeholder collaboration to identify both the challenge and the importance of
methodological rigor in RWD efforts.
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Real-world Overall Survival Using Oncology
Electronic Health Record Data: Friends of
Cancer Research Pilot
Laura Lasiter1, Olga Tymejczyk2, Elizabeth Garrett-Mayer3, Shrujal Baxi2, Andrew J. Belli4, Marley Boyd5,
Jennifer B. Christian6, Aaron B. Cohen2,7, Janet L. Espirito5, Eric Hansen4, Connor Sweetnam8,
Nicholas J. Robert5, Mackenzie Small6, Mark D. Stewart1, Monika A. Izano8, Joseph Wagner6,
Yanina Natanzon9, Donna R. Rivera10 and Jeff Allen1,*
In prior work, Friends of Cancer Research convened multiple data partners to establish standardized definitions for
oncology real-world end points derived from electronic health records (EHRs) and claims data. Here, we assessed
the performance of real-world overall survival (rwOS) from data sets sourced from EHRs by evaluating the ability of
the end point to reflect expected differences from a previous randomized controlled trial across five data sources,
after applying inclusion/exclusion criteria. The KEYNOTE-189 clinical trial protocol of platinum doublet chemotherapy
(chemotherapy) vs. programmed cell death protein 1 (PD-1) in combination with platinum doublet chemotherapy
(PD-1 combination) in first- line nonsquamous metastatic non- small cell lung cancer guided retrospective cohort
selection. The Kaplan- Meier product limit estimator was used to calculate 12- month rwOS with 95% confidence
intervals (CIs) in each data source. Cox proportional hazards models estimated hazard ratios (HRs) and associated
95% CIs, controlled for prognostic factors. Once the inclusion/exclusion criteria were applied, the five resulting data
sets included 155 to 1,501 patients in the chemotherapy cohort and 36 to 405 patients in the PD-1 combination
cohort. Twelve- month rwOS ranged from 45% to 58% in the chemotherapy cohort and 44% to 68% in the PD-1
combination cohort. The adjusted HR for death ranged from 0.80 (95% CI: 0.69, 0.93) to 1.15 (95% CI: 0.71, 1.85),
controlling for age, gender, performance status, and smoking status. This study yielded insights regarding data
capture, including ability of real-world data to precisely identify patient populations and the impact of criteria on end
points. Sensitivity analyses could elucidate data set–specific factors that drive results.

Study Highlights
WHAT IS THE CURRENT KNOWLEDGE ON THE
TOPIC?
 Real-world data (RWD) have the potential to complement
clinical trial data and fill gaps in knowledge about the performance of approved treatments used in routine care settings, including patient populations excluded from clinical trials, or where
limited clinical trial data exist. There is interest in using real-world
evidence to support regulatory decisions in rare cancer patient
populations, new indications, alternative doses, and schedules.
WHAT QUESTION DID THIS STUDY ADDRESS?
 This study sought to evaluate the performance of rwOS and
the considerations necessary to assess directionality of treatment associations in a real-world population across five US

1

oncology electronic health record RWD providers with different sources of patient data by aligning the patient population
with key inclusion/exclusion criteria from the KEYNOTE-189
study.
WHAT DOES THIS STUDY ADD TO OUR KNOWLEDGE?
 Insights were yielded regarding data capture, including ability of RWD to precisely identify patient populations and the
impact of criteria on end points.
HOW MIGHT THIS CHANGE CLINICAL PHARMACOLOGY OR TRANSLATIONAL SCIENCE?
 Sensitivity analyses could elucidate data set–specific factors
that drive results.
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Randomized controlled trials (RCTs) evaluate the safety and efficacy of medical products in specific patient populations under
rigorously controlled conditions. While adherence to structured
protocols, use of restrictive eligibility criteria, and patient randomization maximize the internal validity of RCT results, eligibility and protocol-directed care may reduce the relevancy of study
results for broader patient populations receiving approved drugs
subsequently in routine clinical practice. Limitations regarding
the generalizability and transportability of trial findings create a
value basis for the evaluation of patient outcomes in real-world settings.1 Real-world data (RWD) have the potential to complement
clinical trial data and fill gaps in knowledge about the performance of approved treatments used in routine care settings, including patient populations excluded from clinical trials, or where
limited clinical trial data exist. As such, there is interest in using
real-world evidence (RWE) to support regulatory decisions in rare
cancer patient populations, new indications, alternative doses,
and schedules. 2 Real-world end points measurable across data
sources, including administrative claims and electronic health records (EHRs), that are consistently implemented across studies are
needed to optimize data collection and accurate interpretation of
real-world study findings.3
Replication of study findings across multiple data sources using
common harmonized data elements and analytical framework is essential to evaluate the potential applications of RWE. In prior work,
we established standardized definitions for oncology real-world
end points derived from both EHR and claims data.4 In this study,
we assessed the performance of real-world overall survival (rwOS)
by evaluating the ability of the end point to reflect expected differences from a previous RCT across multiple data sources, after
applying inclusion/exclusion criteria.5 Although not designed to
replicate the clinical trial, this study used KEYNOTE-189, an
RCT published in 2018, as a relative benchmark to explore the performance of rwOS across data sources. KEYNOTE-189 demonstrated improved outcomes of pembrolizumab in combination
with platinum therapy (cisplatin or carboplatin) and pemetrexed,
compared with chemotherapy alone for frontline treatment of
patients with nonsquamous metastatic non-small cell lung cancer
(metastatic non-small cell lung cancer). By estimating treatment effects in each data set, we sought to distinguish the effects of underlying patient characteristics (e.g., age, biomarker status, and health
performance status) from data set–specific considerations (e.g.,
completeness of key variables). Furthermore, this work generated
insights into methodological transparency, data quality, and reporting standards for real-world outcome measures that can inform
the interpretation of the results of real-world studies in oncology.
METHODS
Data sources
Five organizations supplying EHR data aligned on a common set of definitions and protocols (Table 1, Table 2, and Table S1). Each data partner conducted data extraction and statistical analyses using deidentified
patient data from their respective real-world population and reported aggregated data only. EHR data was sourced through structured (programmatic database extractions) and/or unstructured (chart review) methods
conducted in accordance with abstraction rules and quality processes
established within each organization.

Study population
Similar to KEYNOTE-189, the real-world population selected for this
study included patients with metastatic non-small cell lung cancer (mNSCLC) who initiated frontline treatment in the metastatic setting with
combination platinum therapy (chemotherapy) or pembrolizumab plus
combination platinum therapy (programmed cell death protein 1 [PD-1]
combination), where combination is defined as cisplatin or carboplatin
plus pemetrexed (Figure S1). Eligible patients had a documented encounter (defined as a physician visit, drug administration, or vitals documentation) in each database on two or more separate occasions on or
after January 1, 2011 through March 31, 2018. Frontline treatment was
defined as the first regimen subsequent to the date of metastatic diagnosis and included all agents received within 30 days following the day
of first administration or noncanceled order after metastatic diagnosis.
The index date was the date frontline therapy was initiated. Patients
with an index date on or after January 1, 2015 but no later than March
31, 2018 were included in order to improve temporal proximity of treatment groups. Patients with a gap of greater than 120 days from the date
of metastatic diagnosis to the first clinical encounter (structured and/or
unstructured) were excluded as having possibly incomplete early therapy
data. Data cutoff was March 31, 2019, to allow a minimum of 12 months’
potential follow-up.
Initial trial- related inclusion and exclusion criteria
(“baseline cohort”)
The real-world cohorts were identified following key inclusion and exclusion criteria reported by KEYNOTE-189 (Table S2). Patients were
included in the real-world cohorts if they had evidence of pathologically
confirmed mNSCLC (patients metastatic at diagnosis or patients with
earlier-stage disease who progressed to metastatic disease), received no
previous systemic antineoplastic therapy at any point in the metastatic
setting or in the advanced setting within 12 months prior to metastatic
diagnosis date, and received at least one dose of either a PD-1 combination or chemotherapy frontline regimen. Patients were included regardless of programmed death-ligand 1 (PD-L1) testing or status. The cohort
meeting these criteria is referred to as the "baseline cohort" and included
many patients who would likely not have qualified for a typical clinical
trial in mNSCLC.
Additional trial- related exclusion criteria
("fully restricted cohort")
To explore potential associations between survival estimates and prognostic factors typically excluded from clinical trials, the following exclusion criteria were applied to the baseline cohort: squamous cell carcinoma
or non-small cell lung cancer (NSCLC) not otherwise specified, evidence of inadequate kidney or liver organ function, Eastern Cooperative
Oncology Group (ECOG) performance status (PS) ≥2, and evidence of
EGFR/ALK (epidermal growth factor receptor / anaplastic lymphoma
kinase) sensitizing mutations, all at index date. Patients without organ
function, ECOG, or EGFR/ALK data were included. Exact definitions
of the criteria, as implemented by each group, are reported in Table 2.
The cohort meeting all these additional exclusion criteria is referred to as
the "fully restricted cohort" and is intended to represent the strict eligibility requirements for patient populations typically enrolled in clinical
trials.
End- point definitions
Real-world OS was defined as the length of time from the index date to
the date of death. If there was no evidence of death, patients were censored at the last recorded clinical activity prior to data cutoff. The implementation of rwOS by each group is reported in Table 1.
Table S1 describes implementation of key descriptive variables and
model covariates: disease stage (0, I, II, III, IV, unknown), smoking status
(known history of smoking, no known history of smoking), and PD-L1

63

Table 1 Variations across data sources and implementation of end- point definition
Description of data
source

Population

Derivation of date of death

Censor date

A

Structured and
unstructured
EHR data and
commercial obituary
data.

Academic and community
practice patients in the
United States; outpatient;
initiated frontline therapy
between 2015 and 2018.

An algorithm is used. If dates agree
across the three data sources, the date
is selected. If discrepancy <7 days exists,
EHR data is preferentially captured. If
discrepancy >7 days exists, EHR data with
accompanying source documentation (e.g.,
death certificate) is prioritized, otherwise
commercial obituary data is captured.

Date of last clinical activity
prior to data cutoff, defined
as in- person visit event with
healthcare provider such as
treatment administration or
collected test.

B

Structured and
unstructured EHR
data, commercial
obituary data, and
Social Security
Death Index (SSDI)
data.

Academic and community
practice patients in the
United States; outpatient;
initiated frontline therapy
between 2015 and 2018.

An algorithm is used. If all dates agree
across the three data sources, the date is
selected. If any two dates agree, that date
is selected. If all three dates disagree,
the following hierarchy is applied: SSDI,
obituary, EHR data. If a day level DoD is
available in abstracted EHR data, that date
is selected over the consensus structured
date.
Exact date was used, where available.
If only month- level date was available, it
was generalized to the end of month. If
only year- level date was available, if was
generalized to the end of year.

Date of last structured activity,
defined as the most recent visit
prior to data cutoff.

C

Structured and
unstructured EHR
data; hospitalbased, enterprisewide, and national
cancer registries;
commercial obituary
data; and digitized
obituaries.

Community practice
patients in the United
States; inpatient and
outpatient; initiated
frontline therapy between
2015 and 2018.

An algorithm is used. Tumor registry
(hospital, enterprise- wide, national) dates
were preferentially selected, followed by
structured EHR, followed by commercial
obituary data.

Date of last contact (physical
encounter, medication order, or
medication administration, from
structured or unstructured EHR
data) prior to the data cutoff.

D

Structured EHR
data.

E

Structured EHR
data, structured
claims data.

Data set

Actual date of death documented from EHR
Community practice
or DMF.
patients in the United
States; outpatient; initiated
frontline therapy between
2015 and 2018.
Academic and community
practice patients in the
United States; primarily
outpatient; initiated
frontline therapy between
2017 and 2018.

Mortality algorithm incorporating EHR and
Claims.

Date of last structured clinical
activity prior to data cutoff.

Date of last clinical encounter
with healthcare provider prior to
data cutoff.

DMF, death master file; DoD, date of death; EHR, electronic health record.
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expression status (<1%, 1–49%, ≥50%, unknown) and evidence of brain
metastases (yes, no) at index date.

inclusion/exclusion criteria. Forest plots were used to visualize the range
of estimates across data sets.

Statistical analysis
The Kaplan-Meier product limit estimator was used to calculate 12month and median rwOS with 95% confidence intervals (CIs) for the
baseline and fully restricted cohorts in each data source. Cox proportional hazards models were used to estimate hazard ratios (HRs) and
associated 95% CIs for the associations between treatment groups and
rwOS in the fully restricted cohort. Unadjusted HRs for the association
between treatment groups and rwOS were calculated in the baseline and
the fully restricted cohorts. Additionally, unadjusted models for the fully
restricted cohort were stratified by age, gender, PD-L1 expression status
(<1%, ≥1%, 1– 49%, ≥50%), evidence of brain metastases (yes, no), and
platinum drug agent (carboplatin, cisplatin). Lastly, we adjusted for age
(<65, ≥65 years), gender (male, female), smoking status (known history of
smoking, no known history of smoking), and ECOG PS (0, 1, unknown)
to account for confounding by prognostic factors not homogenized in

Post hoc analyses
To explore potential associations between estimates of survival and individual prognostic factors, and evaluate the impact of methodological
approaches to deriving them from RWD, exclusion criteria were applied
sequentially to the baseline cohort in a stepwise manner and unadjusted
HRs for the associations between treatment groups and rwOS were calculated after each restriction step:
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Step 0: Baseline cohort (as defined above)
Exclude patients with:
Step 1: Squamous cell carcinoma or NSCLC not otherwise specified
Step 2: Inadequate kidney or liver organ function at index date
Step 3: Eastern Cooperative Oncology Group (ECOG) performance
status at index date ≥2
Step 4: Evidence of EGFR/ALK sensitizing mutations at index date
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Data source: Abstracted
EHR data.
Definition: No deviation.

Data source: Abstracted
EHR data.
Definition: No deviation.

B

Data source: Abstracted EHR
data.
Definition: Approach 1 without
deviation. Test date was
identified as the most recent
date across the “specimen
collected” date, “specimen
received” date, and “result
date” variables. If multiple
tests were recorded, the one
closest to the index date was
used. If multiple tests were
recorded on the same date, the
result showing rearrangement /
mutation was used.
Data source: Structured EHR data.
Definition: No deviation.

Data source: Abstracted
EHR data.
Definition: No deviation.

Data source:
Abstracted EHR
data.
Definition: Stage IV
only.

Data source: Structured
EHR data.
Definition: No deviation.

Data source: Structured Data source: Abstracted EHR
data
EHR data.
Definition: No deviation. Definition: Used a combination
of approach 1 and 2. No
deviation from definitions.

EGFR/ALK sensitizing
mutations

Data source: Structured EHR data.
Definition: No deviation.

ECOG PS

Data source: Abstracted
Data source:
EHR data.
Abstracted EHR data
Definition: Defined Definition: No deviation.
as at least one
of the following:
stage IV, TNM M1,
and/or metastatic
progression

Organ function
Patient’s ECOG PS at the Approach 1 to the ALK/EGFR
Patient is excluded if there is
exclusion criterion:
time of the index date:
evidence of inadequate kidney/liver
Test result showing ALK/
0
function based on laboratory values
EGFR rearrangement/mutation
1
in the 90 days prior to and including
at any point before or up to
2+
the index date based upon structured
30 days after the index date.
Unknown
lab data.
Approach 2 to the ALK/EGFR
NOTE: ECOG PS may
Inadequate renal function is defined
as creatinine clearance of <50 ml/ have been recorded up to exclusion criterion: (alone or
min (creatinine clearance calculated 30 days prior to the index in combination with approach
1 above)
date, OR up to 7 days
using the Cockroft- Gault equation).
Patients who are prescribed
after the index date,
Inadequate liver function is calculated
EGFR or ALK targeting
whichever is closest to
as a serum total bilirubin of ≥1.5×
the index date. If there therapies in the first 6 months
ULN (unless direct bilirubin was
of the index date will be
are multiple ECOG PS
measured on the same date and
excluded
values at the same
<ULN) and AST or ALT ≥5× ULN
NOTE: If there are multiple lab values absolute distance from Erlotinib, Afatinib, Osimertinib,
Gefitinib, Crizotinib, Ceritinib,
the index date, priority
of interest in the time window, the
Alectinib
value closest to index date should be is given to the ECOG PS
value that precedes the
used. If there are multiple values for
index date. For patients
a given lab on the same day, lower
with multiple ECOG PS
creatinine clearance values/ higher
values recorded on the
bilirubin, AST, and ALT values should
same day, the highest
be used (i.e. prioritize values that
value will be selected.
exclude patients)

Histology
Patients were placed
into one of the following
categories:
Non- squamous cell
carcinoma
Squamous cell
carcinoma
NSCLC histology not
otherwise specified
(NOS)

Metastatic status

Each group
Diagnosis with advanced
determined
disease defined
metastatic status
as American Joint
according to
Committee on Cancer
internally consistent
stage:
protocols.
Stage IIIB, IIIC or IV
NSCLC at initial diagnosis
or
Early stage (stages I, II,
and IIIA) NSCLC with a
recurrence or progression
to metastatic status.

Advanced diagnosis

A

Overall

Data set

Table 2 Definitions of inclusion and exclusion criteria for alignment with Keynote-189
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Data source: Structured
EHR data.
Definition: No deviation.

Data source: Structured
EHR.
Definition: To identify
staging with ICD9/10
used to classify patients
with early stage who
progressed.

D

E

Data source: EHR data.
Definition: No deviation.

Data source: Structured and
unstructured EHR.
Definition: No deviation.

Data source: EHR data.
Definition: No deviation.

Data source: Structured
EHR.
Definition: No deviation.

Data source: EHR data.
Definition: No deviation.

Data source: Structured EHR.
Definition: No deviation.

Data source: EHR data.
Definition: No deviation.

Data source: Structured
EHR histology codes and
descriptions.
Definition: For a subset
of patients, NSCLC
was indicated, but not
Squamous vs. NonSquamous. These
patients were kept
since they could not be
definitively classified as
either.

Data source: EHR
data.
Definition:
Metastatic status
identified by having
at least one of the
following: Stage
IV or M1 disease;
documented organ
site of metastasis;
or disease status as
metastatic disease
Data source:
Structured EHR.
Definition:
Diagnosis, staging
and M values.

Data source: Unstructured and
structured EHR; commercial
laboratory electronic reports.
Definition: Used a
combination of approach
1 and 2. Definition of ALK
rearrangement is based on
laboratory report or physician
statement. EGFR mutations
are defined as any reported
mutation on exon 18 through
exon 21 regardless of
classification.
Approach 2 did not deviate.

Data source:
Unstructured and
structured EHR.
Definition: If Karnofsky
performance status
(KPS) was available
instead of ECOG PS,
KPS was converted to
ECOG PS.

Data source: Structured EHR.
Definition: Organ function was not
evaluated if value, unit, or range
were missing.

Data source:
Unstructured EHR and
structured pathology
reports.
Definition: Main sources
of histology are not
codified in the source
data but are applied
post data collection.
Agreed upon vocabulary
based on WHO lung
cancer histology
hierarchy management
is utilized to derive
NSCLC grouping.

Data source:
Unstructured EHR.
Definition:
Metastatic status
is based on a
medical oncologist
statement.

EGFR/ALK sensitizing
mutations

ECOG PS

Organ function

Histology

Metastatic status

ALT, alanine aminotransferase; AST, aspartate aminotransferase; ECOG PS, Eastern Cooperative Oncology Group performance status; EGFR/ALK, epidermal growth factor receptor/anaplastic lymphoma kinase;
EHR, electronic health record; ICD 9/10, International Classification of Diseases, Ninth and Tenth Revisions; NSCLC, non- small cell lung cancer; TNM M1, tumor, node, and metastasis metastasis 1; ULN, upper
limit of normal; WHO, World Health Organization.

Data source:
Unstructured EHR data
and structured pathology
reports.
Definition: Recurrence or
progression to metastatic
status is the date of
medical oncologist stated
metastasis or distant
recurrence collected from
unstructured EHR.

Advanced diagnosis

C

Data set

Table 2 (Continued)

Table 3 Characteristics of fully restricted cohorts
KEYNOTE-189

A

410/206

346/54

1,501/405

232/36

748/132

155/125

Median, yrs (IQR)

65, 34,
84/64, 34,
84

68, 60, 74/65,
60, 72

67, 59, 74/65,
59, 72

66, 59, 73/64,
58, 71

67, 60, 74/64,
58, 72

68, 59, 74/65,
60, 73

<65 yr, %

48.0/55.8%

38.7/50.0%

42.4/47.2%

46.1/50.5%

41.7/52.3%

37.4/43.2%

62.0/52.9%

45.7/55.6%

45.7/55.6%

52.6/63.9%

46.9/58.3%

47.7/52.8%

Characteristic
Total number of patients/
Treatment, no.

B

C

D

E

Chemotherapy/PD-1 combination treated patient characteristics

Age

Gender, Male, %
ECOG, %
0

45.4/38.8%

25.4/24.1%

21.0/31.4%

14.7/22.2%

14.7/30.3%

19.4/24.8%

1

53.9/60.7%

46.2/44.4%

33.7/37.5%

29.7/38.9%

63.2/43.2%

35.5/31.2%

0.5/0.5%

28.3/31.5%

45.3/31.1%

55.6/38.9%

22.1/26.5%

45.2/44.0%

Unknown
Smoking status, %
Evidence of smoking

88.3/87.9%

88.2/87.0%

88.3/89.6%

13.8/36.1%

84.9/84.8%

25.2/25.6%

No evidence

11.7/12.1%

11.8/13.0%

11.7/10.4%

86.2/63.9%

15.1/15.2%

74.8/74.4%

96.1/96.1%

100/100%

100/100%

100/100%

100/100%

100/100%

2.4/1.9%

Restricted

Restricted

Restricted

Restricted

Restricted

Histology, %
Non- squamous cell
carcinoma
NOS
Brain metastases, %
Evidence of

17.8/17.0%

31.8/29.6%

18.5/14.1%

13.8/19.5%

13.2/9.1%

16.1/20.0%

No evidence

82.2/83.0%

68.2/70.4%

81.5/85.9%

86.2/80.6%

86.8/90.9%

83.9/80.0%

<1%

31.0/30.6%

11.9/12.8%

23.7/16.3%

50.9/20.8%

50.5/32.3%

NAa

>1%

63.4/62.1%

19.3/42.6%

51.9/65.4%

49.1/79.2%

43.5/64.6%

NA

1– 49%

31.2/28.2%

14.8/34.0%

39.0/34.6%

26.4/41.7%

39.6/38.5%

NA

>50%

32.2/34.0%

5.9/6.4%

12.9/30.9%

22.6/37.5%

3.8/26.2%

NA

5.6/7.3%

67.4/46.8%

24.4/18.3%

6.0/3.1%

NA

No Evidence of Inadequate
Function

70.5%/64.8%

89.5/93.1%

100/100%

81.0/77.3%

13.5/16.8%

Unknown%

29.5%/35.2%

10.5/6.9%

0.0/0.0%

19.0/22.7%

86.5/83.2%

No evidence of inadequate
function

70.5%/59.3%

83.3/87.4%

100/100%

79.9/76.5%

49.7/71.2%

Unknown

0.0/0.0%

20.1/23.5%

50.3/28.8%

PD- L1 expression status, %

Unknown
Renal function, %

Hepatic function, %

29.5%/40.7%

16.7/12.6%

Median time from advanced
diagnosis to frontline therapy
initiation, months (IQR)

1.00, 0.57,
1.63/0.97, 0.62,
1.58

1.2,0.8,1.7/
1.1,0.7,1.5

Median structured follow- up
time from frontline therapy
initiation, months (IQR)

10.98, 5.14,
21.28/11.85,
5.60, 14.84

7.2,2.8,17.6/
10.1,3.5,15.6

12.27, 4.93,
25.04/10.37,
5.36, 17.12

10.08, 3.67,
19.73/12.98,
3.55, 16.10

13.53, 5.93,
14.06/14.06,
6.10, 21.13

Advanced at diagnosis

87.6/88.9%

100/100%

88.8/83.3%

95.6/97.0%

96.1/92.0%

Progressed after initial
diagnosis

12.4/11.1%

11.2/16.7%

4.4/3.0%

3.9/8.0%

0.0/0.0%

0.0/0.0%

0.0/0.0%

1.3/0.8%

0.83, 0.37,
1.25, 0.90,
1.80/1.17, 0.70, 1.47/0.72, 0.37,
1.38
1.95

1.03, 0.53,
1.77/0.93, 0.50,
1.77

Status at initial diagnosis, %

Stage, %
0
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Table 3 (Continued)
KEYNOTE-189
Characteristic

A

B

C

D

E

Chemotherapy/PD-1 combination treated patient characteristics

I

6.6/5.6%

6.9/5.6%

0.9/0.0%

II

2.6/0.0%

0.9/2.8%

0.0/0.0%

0.0/0.0%

III

3.2/5.6%

3.4/8.3%

2.9/0.0%

0.0/0.8%

IV

87.6/88.9%

100/100%

87.9/83.3%

95.6/97.0%

95.5/89.6%

0.0/0.0%

0.0/0.0%

0.9/0.0%

0.0/0.0%

2.6/8.8%

Unknown

0.6/0.0%

Index year, %
2015

35.5/1.9%

36.2/0.0%

34.5/0.0%

29.7/0.0%

0.0/0.0%

2016

36.1/0.0%

36.8/0.2%

35.3/0.0%

33.7/0.0%

0.0/0.0%

2017

23.7/63.0%

22.7/71.6%

23.7/75.0%

30.5/79.5%

83.9/69.6%

2018

4.6/35.2%

4.2/28.1%

6.5/25.0%

6.1/17.4%

16.1/30.4%

ECOG, Eastern Cooperative Oncology Group; NOS, not otherwise specified; PD-1, programmed cell death protein 1; PD- L1, programmed death- ligand 1.
a
Data were not provided for this analysis.

To evaluate the potential impact of crossover on results, the proportion
of crossover in the chemotherapy group, defined as initiation of an immunotherapy (pembrolizumab, nivolumab, or atezolizumab)–containing
second line treatment prior to the date of data cutoff was calculated.
RESULTS

Characteristics of patients in each group’s fully restricted and baseline cohorts, as well as of patients included in KEYNOTE-189,
are described in Table 3 and Table S3, respectively. The fully
restricted cohorts included 155 to 1,501 chemotherapy and 36
to 542 PD-1 combination patients. Median age in chemotherapy
and PD-1 combination groups ranged between 66– 68 and 64–
65, respectively. The proportion of patients <65 years of age was
higher in the PD-1 combination group than in the chemotherapy group by a margin ranging from 4 to 11 percentage points
across data sets. The proportion of males in the PD-1 combination groups was 53% to 64% while the chemotherapy group had
a slightly lower proportion (46% to 53%). A substantial proportion of patients had unknown ECOG (22–56% across cohorts
and data sets), unknown liver function (0–50%), or unknown
kidney function (0–87%). History of smoking was identified
in >84% of patients in three data sets, and in <40% of patients
in the remaining two data sets, due to data missingness. PD-L1
expression status was provided in four data sets, with a proportion of unknown values ranging from 0 to 67% across treatment
groups and data sets. A higher proportion of chemotherapy patients had evidence of a PD-L1 expression status <1% compared
with PD-1 combination patients, (where percent unknown was
low). Patients whose cancer progressed to metastatic after initial
diagnosis comprised up to 17% of chemotherapy or PD-1 combination cohorts in four data sets, but were excluded from one data
set (i.e., only stage IV patients were included). PD-1 combination
patients initiated treatment in 2017–2018, while patients in the
chemotherapy group initiated treatment from 2015 to 2018. The
proportion of patients initiating either treatment in 2018 was
low due to the cutoff date for frontline treatment initiation by
March 31, 2018.
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Table 4 includes estimates of rwOS at 12 months, as well as unadjusted associations between frontline therapy and rwOS, overall and stratified by key variables of interest, in the fully restricted
cohorts. Twelve-month rwOS ranged from 45% to 57% in the
chemotherapy group and 44% to 69% in the PD-1 combination
group. Unadjusted HR for death, comparing PD-1 combination
to chemotherapy, ranged from 0.79 (95% CI: 0.68, 0.92) to 1.10
(95% CI: 0.70, 1.72). In four of the five fully restricted cohorts,
HR point estimates were below 1, and four confidence intervals
overlapped 1.
Table 5 lists adjusted associations between frontline therapy and
rwOS in the fully restricted cohorts, controlling for age (<65 vs.
≥65 years), gender, ECOG (0, 1, or unknown), and smoking status (history, no history, unknown). The adjusted HR ranged from
0.80 (95% CI: 0.69, 0.93) to 1.15 (96% CI: 0.71, 1.85). HR point
estimates were below 1 in four of the five fully restricted cohorts
and four confidence intervals overlapped 1.
Post hoc analyses explored the unadjusted associations between
frontline therapy and rwOS during sequential exclusion step (baseline cohort to fully restricted cohort). Patient numbers ranged
from 293 to 2,673 in baseline and 164 to 1,906 in fully restricted
cohorts (Figure S1). Numerical differences in HRs in analyses
with varying exclusion criteria were very small. The finding of statistically significant association or lack thereof was not altered in
any of the five data sets across sequential application of criteria.
Between 37% and 44% of the chemotherapy patients in the fully
restricted cohort initiated a second line containing immunotherapy prior to the data cutoff (data not shown).
DISCUSSION

This study evaluated the reproducibility and performance of
rwOS across five real-world mNSCLC patient data sets receiving chemotherapy or PD-1 combination after applying selected
clinical trial inclusion/exclusion criteria.6 Specifically, the study
evaluated whether the application of common inclusion/exclusion criteria and methods across different data sources would result in similar rwOS findings, and if not, whether the observed
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0.47 (0.34– 0.66)
0.55 (0.34– 0.90)
0.42 (0.26– 0.68)

>1%

1– 49%

>50%

0.53 (0.39– 0.71)

No evidence of

Cisplatin

N/A

0.94 (0.62–1.44)

0.78 (0.46–1.32)

1.63 (0.80– 3.32)

0.91 (0.08–10.21)

1.55 (0.56– 4.30)

1.45 (0.57– 3.67)

1.84 (0.58– 5.81)

1.24 (0.70–2.22)

0.81 (0.44–1.48)

0.80 (0.42–1.53)

1.25 (0.71–2.20)

0.99 (0.65–1.50)

0.57/0.67

1.34 (0.19– 9.71)

0.78 (0.67– 0.90)

0.76 (0.65– 0.90)

0.96 (0.67–1.39)

0.69 (0.44–1.08)

0.77 (0.57–1.05)

0.70 (0.55– 0.90)

1.02 (0.69–1.51)

0.81 (0.63–1.03)

0.75 (0.63– 0.91)

0.84 (0.69–1.03)

0.75 (0.60– 0.94)

0.79 (0.68– 0.92)

0.45/0.53

1094/216

1,501/405

B

1.03 (0.66–1.63)

NA

1.12 (0.68–1.83)

0.95 (0.32–2.81)

0.31 (0.06–1.53)

1.24 (0.44– 3.45)

0.76 (0.33–1.74)

1.17 (0.34– 4.03)

1.07 (0.62–1.87)

1.08 (0.49–2.36)

0.94 (0.49–1.81)

1.30 (0.68–2.49)

1.10 (0.70–1.72)

0.53/0.44

163/22

232/36

C

0.58 (0.38– 0.88)

1.04 (0.80–1.34)

0.70 (0.37–1.32)

0.77 (0.52–1.13)

0.80 (0.56–1.14)

0.96 (0.80–1.15)

1.05 (0.88–1.26)

0.92 (0.70–1.20)

0.56/0.62

421/61

748/132

D

CI, confidence interval; NA, not available; OS, overall survival; PD-1, programmed cell death protein 1; PD- L1, programmed death- ligand 1; rwOS, real- world overall survival.

0.52 (0.39– 0.71)
0.41 (0.24– 0.69)

Carboplatin

Platinum- based drug HR (95% CI)

0.36 (0.20– 0.62)

Evidence of

Brain metastases HR (95% CI)

0.59 (0.38– 0.92)

<1%

PD- L1 expression status HR (95% CI)

0.70 (0.50– 0.99)
0.29 (0.19– 0.44)

Male

Female

Sex HR (95% CI)

0.43 (0.31– 0.61)
0.64 (0.43– 0.95)

>65

0.49 (0.38– 0.64)

<65

Age HR (95% CI)

Unadjusted Hazard ratio (HR) for
death (95% CI)

0.49/0.69

12- month OS (Chemotherapy/ PD-1
combination)

203/25

346/54

616
235

Number of patients

Number of events (Chemotherapy/
PD-1 combination)

A

Keynote 189

Table 4 Unadjusted associations between use of frontline therapy and rwOS

NA

0.94 (0.69–1.29)

0.86 (0.60–1.23)

1.44 (0.73–2.84)

NA

NA

NA

NA

0.72 (0.45–1.14)

1.31 (0.85–2.02)

0.74 (0.48–1.15)

1.26 (0.79–2.0)

0.97 (0.71–1.33)

0.51/0.56

164

155/125

E

Table 5 Adjusted associations between frontline therapy and rwOS in the fully restricted cohorts
Covariate

A

B

C

D

E

Overall adjusted HR (95% CI)
Chemotherapy
PD-1 combination

Ref.

Ref.

Ref.

Ref.

Ref.

0.99 (0.65–1.51)

0.80 (0.69– 0.93)

1.15 (0.71–1.85)

0.96 (0.73–1.26)

0.95 (0.69–1.30)

Age HR (95% CI)
<65

Ref.

Ref.

Ref.

Ref.

Ref.

>65

1.18 (0.90–1.55)

1.16 (1.04–1.30)

1.20 (0.90–1.61)

1.04 (0.86–1.25)

0.72 (0.53– 0.98)

Gender HR (95% CI)
Male
Female

Ref.

Ref.

Ref.

Ref.

Ref.

0.97 (0.74–1.26)

0.80 (0.72– 0.90)

0.79 (0.59–1.06)

0.94 (0.79–1.13)

0.84 (0.62–1.15)

ECOG PS HR (95% CI)
0

Ref.

Ref.

Ref.

Ref.

Ref.

1

1.93 (1.38–2.70)

1.40 (1.21–1.63)

1.51 (0.93–2.46)

1.31 (1.01–1.69)

1.07 (0.69–1.64)

Unknown

1.09 (0.74–1.59)

1.25 (1.08–1.45)

1.48 (0.94–2.34)

1.29 (0.96–1.75)

0.90 (0.53–1.52)

Smoking status HR (95% CI)
Evidence of history of
No evidence of history of
Unknown/missing population

Ref.

Ref.

Ref.

Ref.

Ref.

0.99 (0.67–1.47)

0.84 (0.70–1.00)

1.11 (0.73–1.68)

1.01 (0.78–1.32)

1.54 (0.61– 3.90)

NA

NA

NA

0.76 (0.39–1.48)

0.78 (0.48–1.28)

CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; HR, hazard ratio; NA, not available; OS, overall survival; PD-1,
programmed cell death protein 1; Ref., reference; rwOS, real- world overall survival.

results could be explained by differences in the underlying patient populations or data-specific characteristics. While a trial
replication or direct comparison was outside the scope of this
work, trial-based inclusion/exclusion criteria were used to align
the real-world populations and provide a relative benchmark for
evaluating the performance of the real-world end point. The
stepwise application of inclusion/exclusion criteria, intended to
provide additional insights on factors that drove differences between estimates, did not indicate convergence or divergence of
results.
The estimated treatment effects varied across data sets. Sample
size limitations may have contributed to the lack of statistical
significance in some of the real-world data sets compared with
KEYNOTE-189. Real-World OS for patients receiving immunotherapy was shorter in real-world cohorts than in the trial,
consistent with the findings from other real-world NSCLC analyses.7–9 The range of observed results across real-world cohorts
and as compared with the trial may be partially attributable to
outstanding differences in cohort composition, data missingness,
interpretation of end-point definitions and their completeness,
and differences in routine vs. clinical trial care and data collection
patterns.
While several, common inclusion/exclusion criteria were used,
differences in their application and in missing data patterns across
the five groups may have contributed to variability of observed results. Data missingness is a known and challenging aspect of observational data. Specifically, the proportion of patients missing
ECOG PS was up to a quarter and patients lacking laboratory
values to ascertain organ function comprised up to 87% of study
cohorts, allowing substantial heterogeneity in cohort characteristics. Missing International Classification of Diseases (ICD) or
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laboratory values may have resulted in differential misclassification
of entry criteria and key covariates, potentially biasing observed
estimates.
The proportion of patients with evidence of brain metastases in
real-world data sets also varied widely, as determined using ICD
codes. Given the low sensitivity of ICD codes in identifying brain
metastases, differences in this important prognostic factor could
lead to variable estimates of the 12-month rwOS. Additional, unmeasured sources of heterogeneity, such as comorbidities, socioeconomic status, health-insurance coverage, and variation in care
between community and academic practices may have contributed
to the variability in adjusted estimates. Given high rates of crossover in the chemotherapy groups, potentially variable treatment
timing, and duration and dosing may have contributed to the relatively strong performance of patients receiving chemotherapy.10
Differences in mortality ascertainment may have also contributed to the observed range of results. The sensitivity and specificity
of mortality information, obtained from a variety of sources ranging from only structured EHRs to composite approaches of chart
review, third party mortality data sources, and the Social Security
Death Index data, varied across real-world data sets. Poor completeness of mortality data leads to overestimated survival,7 and
lower statistical power. Additionally, should completeness and/
or accuracy of the data vary within cohorts (e.g., due to improved
records over time), measures of association may be biased. Finally,
granularity of available death dates and handling of partially complete dates may have also varied across groups.
Descriptive comparisons to KEYNOTE-189 should consider
differences in patient care in a trial setting. Strict trial protocols
dictate regular data collection at baseline and follow-up intervals
for RECIST objective response and mortality assessments, whereas

real-world studies observe care as it is delivered and recorded in
clinical practice. Consistent reporting of data completeness is critical to inform appropriate analysis, including potential sensitivity
analyses, and interpretation of results, both within and across data
sets.
The study’s ability to apply further inclusion/exclusion criteria, as well as conduct sensitivity analyses, was limited by
sample size considerations. Some data sources used only structured data, which limited the extent of the covariate information collected compared with using unstructured data. Since
participating groups had different underlying data availability, sensitivity analyses could not be performed consistently
across groups, limiting insights into the mechanism and impact of missing data, for example on ECOG PS or kidney and
liver organ function. The study partially used noncontemporaneous controls, which could complicate outcome interpretation. Finally, blinding of groups precluded the discussion
of data set- specific nuances which could inform observed
differences.
In future work, sensitivity analyses can help elucidate data set–
specific factors that may drive results. These include only selecting
patients who: (i) had stage IV NSCLC at diagnosis; (ii) initiated
frontline treatment in 2017 or 2018; (iii) had comparable distribution of potential follow-up across cohorts; (iv) had known ECOG
PS and organ function; and (v) had known timing and duration
of treatment prior to crossover. It is also important to understand
missingness for core variables to inform the selection of proper analytic methods for main and/or sensitivity analyses (imputationbased or model-based approaches vs. complete case analysis). In
studies evaluating multiple sources of RWD, sequential application
of eligibility criteria can be considered to evaluate consistency of
results across data sets and the impact of select clinical characteristics. Designing a shared RWD master protocol a priori may assist
in understanding differences, promoting efficiency, and increasing
reproducibility. Additionally, sensitivity analyses assessing the variability resulting from different mortality assessment approaches
and determination of exact death date across data sets (Table 1)
could inform the relative contribution of these factors to observed
differences. Lastly, future analyses that include additional clinical
demographic factors and social determinants of health merit future
investigation.
This study sought to evaluate the performance of rwOS and the
considerations necessary to assess directionality of treatment associations in a real-world population across five US oncology EHR
RWD providers with different sources of patient data by aligning
the patient population with key inclusion/exclusion criteria from
the KEYNOTE-189 study. Such efforts to achieve consistency
across RWD sources are necessary to distinguish true treatment
effects from ones driven by methodological choices, missing data,
confounding, and unmeasurable influences on treatment choice.
While an association between frontline treatment and rwOS was
not consistently detected, differences in methodologies, delivery of
care (protocol vs. observational), capture of critical data elements
(required routinely throughout RCT), and residual heterogeneity in real-world patient cohorts help contextualize the observed
similarities and differences across the real-world data sets and as

compared with the trial. Measuring real-world effectiveness and
safety in routine care alongside clinical trials may have an important role in completing the picture of how well a therapy works,
for which patients it is most effectively useful, and under what
conditions in the future. Building on this research, agreement on
minimum reporting and performance standards and capturing of
post-baseline events (e.g., frequency and timing of treatment crossover) or subsequent treatments, as well as a process to evaluate realworld end points across data sets could inform best practices that
may help unlock the potential of EHR-derived RWD.
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Supplementary information accompanies this paper on the Clinical
Pharmacology & Therapeutics website (www.cpt-journal.com).
ACKNOWLEDGMENTS
We thank Eric Hua and Grace Collins for their assistance with data
management and figure creation for this manuscript.
FUNDING
No funding was received for this work.
CONFLICT OF INTEREST
O.T. and S.B. own stock in Roche. E.G.- M. has received consulting/
advisory fees from Deciphera and TYME. A.J.B. and E.H. have
ownership in COTA, Inc. J.B.C. owns stock in IQVIA. A.B.C. owns equity
in Flatiron Health, a subsidiary of Roche and stock in Roche. J.L.E.
owns stock in McKesson. M.A.I. and C.S. own stock in Syapse. N.J.R.
holds a leadership position in McKesson; stock/ownership in Johnson
& Johnson, McKesson, and Oncolytics Biotech; holds honoraria
with Bristol- Myers Squibb and Roche; and consulting roles for ADVI,
Boehringer Ingelheim, Bristol- Myers Squibb, and New Century Health.
J.W. owns stock in IQVIA and Merck. Y.N. owns stock in Syapse and
Concertai and received travel/accommodations by Syapse. All other
authors declared no competing interests for this work.
AUTHOR CONTRIBUTIONS
L.L., O.T., E.G.- M., S.B., A.J.B., M.B., J.B.C., A.B.C., J.L.E., N.J.R., M.A.I.,
M.D.S., Y.N., D.R.R., and J.A. designed the research. O.T., E.H., C.S.,
M.S., M.I., and J.W. performed the research. L.L., O.T., E.G.- M., J.B.C.,
A.J.B., A.B.C., J.L.E., C.W., N.J.R., M.S., M.A.I., J.W., and Y.N. analyzed
the data. L.L., O.T., E.G.- M., S.B., A.J.B., J.B.C., A.B.C., J.L.E., C.S.,
N.J.R., M.D.S., M.S., M.A.I., Y.N., and D.R.R. wrote the manuscript.
DISCLAIMERS
The authors assume full responsibility for analyses and interpretation
of these data.
DATA AVAILABILITY STATEMENT
The data underlying this article will be shared on reasonable request to
the corresponding author.
© 2021 The Authors. Clinical Pharmacology & Therapeutics published
by Wiley Periodicals LLC on behalf of American Society for Clinical
Pharmacology and Therapeutics.
This is an open access article under the terms of the Creative Commons
Attribution-NonCommercial License, which permits use, distribution and
reproduction in any medium, provided the original work is properly cited
and is not used for commercial purposes.

1. Elting, L.S. et al. Generalizability of cancer clinical trial results:
prognostic differences between participants and nonparticipants.
Cancer 106, 2452–2458 (2006).

71

2. Bolislis, W.R., Fay, M. & Kühler, T.C. Use of real- world data for new
drug applications and line extensions. Clin. Ther. 42, 926– 938
(2020).
3. National Academies of Sciences, Engineering, and Medicine.
Examining the Impact of Real-world Evidence on Medical Product
Development: Proceedings of a Workshop Series (The National
Academies Press, Washington, DC, 2019).
4. Stewart, M. et al. An exploratory analysis of real- world end points
for assessing outcomes among immunotherapy-treated patients
with advanced non- small- cell lung cancer. JCO Clin. Cancer Inform.
3, 1–15 (2019).
5. Gandhi, L. et al. Pembrolizumab plus chemotherapy in metastatic
non–small-cell lung cancer. N. Engl. J. Med. 378, 2078–2092 (2018).
6. Curtis, M.D. et al. Development and validation of a high- quality
composite real- world mortality endpoint. Health Serv. Res. 53,
4460– 4476 (2018).

72

friends

of

cancer

research

7. La, J. et al. Real- world outcomes for patients treated with immune
checkpoint inhibitors in the veterans affairs system. JCO Clin.
Cancer Inform. 4, 918– 928 (2020).
8. Khozin, S., et al. Real- world outcomes of patients with metastatic
non-small cell lung cancer treated with programmed cell death
protein 1 inhibitors in the year following US regulatory approval.
Oncologist 24, 648– 656 (2019).
9. Khozin, S. et al. Real- world progression, treatment, and survival
outcomes during rapid adoption of immunotherapy for advanced
non- small cell lung cancer. Cancer 125, 4019– 4032 (2019).
10. International Council for Harmonisation of Technical Requirements
for Pharmaceuticals for Human Use. ICH Harmonised Guideline
Addendum on Estimands and Sensitivity Analysis in Clinical Trials
to the Guideline on Statistical Principles for Clinical Trials. Final
Version. E9(R1);2019 <https://database.ich.org/sites/default/
files/E9- R1_Step4_Guideline_2019_1203.pdf> (2019).

Comparing Findings From a Friends of
Cancer Research Exploratory Analysis of
Real-World End Points With the Cancer Analysis
System in England
Pia Horvat, PhD1; Christen M. Gray, PhD1; Alexandrina Lambova, BSc2; Jennifer B. Christian, PharmD, MPH, PhD3; Laura Lasiter, PhD4;
Mark Stewart, PhD4; Jeff Allen, PhD4; Paul Clarke, BA5,6; Cong Chen, PhD5,6; and Adam Reich, BA1

PURPOSE This study compared real-world end points extracted from the Cancer Analysis System (CAS), a
national cancer registry with linkage to national mortality and other health care databases in England, with those
from diverse US oncology data sources, including electronic health care records, insurance claims, unstructured medical charts, or a combination, that participated in the Friends of Cancer Research Real-World
Evidence Pilot Project 1.0. Consistency between data sets and between real-world overall survival (rwOS) was
assessed in patients with immunotherapy-treated advanced non–small-cell lung cancer (aNSCLC).
PATIENTS AND METHODS Patients with aNSCLC, diagnosed between January 2013 and December 2017, who
initiated treatment with approved programmed death ligand-1 (PD-[L]1) inhibitors until March 2018 were
included. Real-world end points, including rwOS and real-world time to treatment discontinuation (rwTTD), were
assessed using Kaplan-Meier analysis. A synthetic data set, Simulacrum, on the basis of conditional random
sampling of the CAS data was used to develop and reﬁne analysis scripts while protecting patient privacy.
RESULTS Characteristics (age, sex, and histology) of the 2,035 patients with immunotherapy-treated aNSCLC
included in the CAS study were broadly comparable with US data sets. In CAS, a higher proportion (46.7%) of
patients received a PD-(L)1 inhibitor in the ﬁrst line than in US data sets (18%-30%). Median rwOS
(11.4 months; 95% CI, 10.4 to 12.7) and rwTTD (4.9 months; 95% CI, 4.7 to 5.1) were within the range of USbased data sets (rwOS, 8.6-13.5 months; rwTTD, 3.2-7.0 months).
CONCLUSION The CAS ﬁndings were consistent with those from US-based oncology data sets. Such consistency
is important for regulatory decision making. Differences observed between data sets may be explained by
variation in health care settings, such as the timing of PD-(L)1 approval and reimbursement, and data capture.
JCO Clin Cancer Inform 5:1155-1168. © 2021 by American Society of Clinical Oncology
Creative Commons Attribution Non-Commercial No Derivatives 4.0 License
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Randomized controlled trials (RCTs) are the gold
standard for assessing safety and efﬁcacy of drugs;
however, RCTs have limitations such as controlled
settings, selective patient populations, and short-term
study outcomes that might not be generalizable to
heterogenous real-world populations and settings.1-3
There is a need to understand the effectiveness of
medical interventions in representative real-world
populations and for accelerated clinical evidence,
which can be met by improved data analytics and
unprecedented availability of real-world data (RWD).4,5
Regulatory bodies including the US Food and Drug
Administration, the European Medicines Agency, and
health technology assessment agencies, such as the
National Institute for Health and Care Excellence, are
increasingly acknowledging the importance of
RWD.6-8 However, for RWD to be used widely to
supplement or augment clinical trials, the validity of

real-world clinical end points in speciﬁc RWD must be
established.
A pilot RWD project conducted by Friends of Cancer
Research (Friends) evaluated the reliability of real-world
end points among programmed death-1 or programmed death ligand-1 (PD-[L]1) inhibitor–treated
advanced non–small-cell lung cancer (aNSCLC; patients with advanced-stage IIIB-IV or early-stage recurred or progressed non–small-cell lung cancer
[NSCLC]) patients by convening six oncology-focused
US health care data sets from participating organizations, including Cancer Research Network, Cota
Healthcare, Flatiron Health, IQVIA, OptumLabs Data
Warehouse, and PCORnet.5 The ﬁndings of the pilot
project demonstrated that worthwhile data can be aggregated from diverse research-ready RWD and that
real-world end points measured from these data are
consistent with each other and are directionally similar
to those observed in RCTs,9 especially in relation to
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CONTEXT
Key Objective
The Cancer Analysis System (CAS) is a national cancer registry with linkage to national mortality and other health care
databases in England. Real-world end points, including overall survival and time to treatment discontinuation, were
analyzed from the CAS database and compared with diverse US oncology data sources used in the Friends of Cancer
Research Real-World Evidence Pilot Project 1.0.
Knowledge Generated
The CAS analysis demonstrates the consistent performance and validity of real-world end points across geographically and
structurally diverse settings. It also validates the ﬁndings from the CAS database by way of comparison with multiple US data
sets.
Relevance
Evaluation and comparison of the strengths, limitations, and validity of speciﬁc real-world data for addressing deﬁned clinical
questions can facilitate development of guidelines on ﬁt-for-purpose real-world data and deﬁning standards for real-world
evidence studies intended to inform regulatory decisions.

overall survival. That said, none of the US-based data sets
that participated in the pilot captured mortality systematically
in all patients and the approaches to measure mortality
varied across the US health care data sources.
The present study expands on the work of the pilot study by
including the Cancer Analysis System (CAS) in England.
CAS is a cancer registry that covers more than 99% of all
patients with cancer in England and contains data on
patient and tumor characteristics, treatments, hospitalizations, and mortality. It combines data from the Cancer
Outcomes and Services Dataset (COSD), collected by
Public Health England’s National Disease Registration
Service, with linkage to other national data sets, including
the Systemic Anticancer Therapy (SACT), Hospital Episode
Statistics, the National Radiotherapy Dataset, and mortality
data from the Ofﬁce of National Statistics (ONS).10 The CAS
database is a vital resource for understanding patient care
and outcomes in England and for supporting drug research
and development globally. The present study aims to validate and compare real-world end points extracted from
CAS with those from the six US oncology data sets from
Friends’ original pilot. Considering the population and
health care system differences between the US data sets
and CAS, along with the complete capture of mortality data
in CAS, this study will help in the validation of real-world end
points across diverse populations and health care settings.
PATIENTS AND METHODS
Study Design and Objectives
The present study followed the protocol of the US-based pilot
project.5 It used a retrospective observational cohort design
in patients with aNSCLC (stage IIIB-IV) leveraging the CAS
database. However, because of differences in content and
structure of the CAS data and US data sets, some distinctions
in the study design should be noted. For example, the CAS
study cohort included only incident stage IIIB-IV
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histologically conﬁrmed NSCLC patients, unlike several of
the US-based data sets, which also included early-stage
patients with documented evidence of progression. The
overarching objective of the present study was to apply the
original Friends’ pilot study protocol to an ex-US setting and a
different type of RWD, namely, a national cancer registry
linked to national mortality and other health care databases.
The study also had the following secondary objectives:
1. To describe and compare the demographic and clinical
characteristics of patients with aNSCLC treated with PD(L)1 immune checkpoint inhibitors.
2. To assess real-world end points (real-world overall
survival [rwOS] and real-world time to treatment discontinuation [rwTTD]) in patients with aNSCLC treated
with PD-(L)1 immune checkpoint inhibitors, overall and
by clinical and demographic characteristics.
3. To highlight the performance and consistency of realworld end points, particularly rwOS, in CAS (with complete ascertainment of mortality) with the US data sets.
Patient Cohort
The study cohort ﬂow diagram is shown in Figure 1. Histologically conﬁrmed incident stage IIIB-IV NSCLC (referred
to as aNSCLC) patients diagnosed between January 1,
2013, and December 31, 2017, who initiated treatment
with approved PD-(L)1 immune checkpoint inhibitors (ie,
nivolumab, pembrolizumab, or atezolizumab) until March
2018 (most recent available SACT data11) were eligible for
analysis. Patients in CAS were excluded if they had unconﬁrmed stage at diagnosis and a concomitant nonmelanoma malignancy or had systemic cancer treatment
recorded more than 30 days before the aNSCLC diagnosis.
Patients retrieved from CAS had a shorter minimum potential follow-up of 3 months (until March 2018) compared
with a minimum potential follow-up of 6 months for USbased data sets. Index date was deﬁned as the initiation of
therapy containing any PD-(L)1 inhibitor.

Patients with lung cancer at diagnosis
(N = 231,991; 100%)

Patients with initial lung cancer during study
period
(n = 194,829; 84%)

Patients with missing sex or age
(n = 0; 0%)

Patients with missing information on vital status
(n = 0; 0%)

Patients with histologically confirmed NSCLC at
diagnosis
(n = 175,046; 75%)

FIG 1. Study cohort ﬂow diagram. CDA, Cancer Drugs Fund;

Patients with > 1 primary tumor diagnosis,
excluding nonmelanoma skin cancers
(n = 32,946; 14%)

NSCLC, non–small-cell lung cancer; SACT, Systemic Anticancer
Therapy.

Patients receiving SACT through CDA
(n = 3; 0%)

Patients receiving SACT > 30 days before NSCLC
diagnosis
(n = 17; 0%)

Patients with unconfirmed stage or histology
(n = 53,584; 23%)

Patients with incident stage IIIB or IV NSCLC at
diagnosis
(n = 54,567; 24%)

Patients treated with immune checkpoint inhibitor
after diagnosis
(n = 2,035; < 1%)

Data Sources
Data were collected retrospectively from the CAS database. The CAS database comprises several linked databases. For the present study, COSD, SACT, and ONS were
used. COSD contains patient demographics (eg, age, sex,
ethnicity, and geographic region) and tumor characteristics (eg, staging, morphology, and performance status).
The SACT dataset11 is the national mandatory collection of
systemic anticancer therapy from all National Health
Service England chemotherapy providers. The CAS database contains patient-level data, which is subject to

strict data protection rules. The process to access the CAS
data has historically been long and complex. To simplify
access to the CAS database for research, Health Data
Insight CIC has developed a programming tool called
Simulacrum, which contains artiﬁcial patient data and
allows analytical programs to be developed before running
queries on the CAS database. Simulacrum mimics the
structure and types of CAS data, enabling faster analyses
by enabling debugging and validation of programming
code before running analyses on the CAS database. The
details of the data sets or health care data organizations,
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which participated in the US-based pilot study, are described in the original publication.5
End Point Deﬁnition
End point deﬁnitions used in this analysis were closely
aligned with the US pilot study protocol and are given in
Appendix Table A1 where end points had to be adapted.5
Statistical Analysis
Descriptive statistics (counts [%] or means [with standard
deviations]) were performed for demographic and clinical
characteristics. The lines of therapy were derived using an
algorithm for NSCLC developed with input from clinicians.12
Continuous variables were summarized using medians and
interquartile ranges, and frequencies were calculated for
categorical variables. Kaplan-Meier analysis was performed
for time-to-event end points (rwOS and rwTTD); these end
points were subsequently summarized using median time
(in months) with the associated 95% CIs. Spearman’s rankorder correlation was used to estimate the correlations
between rwOS and rwTTD.
RESULTS
Patient Identiﬁcation and Demographic Characteristics
Table 1 shows the demographic and clinical characteristics
of patients with aNSCLC treated with PD-(L)1 inhibitors in
the CAS and six US oncology data sets.5 Overall, 2,035
patients with aNSCLC were included in the analysis. The
median age at advanced NSCLC diagnosis was 67
(interquartile range [IQR]: 60.0-73.0) years and 68.3 (IQR:
61.6-73.7) years at PD-(L)1 inhibitor initiation (Appendix
Table A2). Median age was comparable with the US pilot
study; however, the proportion of PD-(L)1–treated patients
in the 65-74 years age group was higher in CAS (47.7%),
compared with 30%-40% in the US data sets. Gender
distribution in CAS (54.3% male) was within the range of
the US data sets. In terms of ethnicity, the patient population in CAS was more homogeneous (91.6% White) than
in the US data sets (65%-87%). The majority of CAS patients (81.7%) were diagnosed with stage IV disease, and
18.3% with stage IIIB. In the four US data sets with data on
disease stage at initial diagnosis, 62%-91% of patients
were diagnosed with stage IV disease. Distribution of histology was broadly similar to the US data sets (71.2 v range
66%-74% in US data sets), with a higher proportion of
nonsquamous histology at diagnosis (Appendix Table A2).
In the CAS, a considerably higher proportion (46.7%)
of PD-(L)1 inhibitors were given as ﬁrst-line treatment than
in US data sets (18%-30%). Almost similar proportion
(44.1%) of PD-(L)1 inhibitors in CAS were given in second
line and relatively few (7.9% of patients) in third line or
beyond. The majority (93.4%) of CAS patients treated with a
PD-(L)1 inhibitor (in any therapy line) did not receive a
subsequent therapy line during the study observation period. A subgroup analysis of patients below 50 years
showed that the majority of patients received PD-(L)1
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inhibitor as their second-line therapy (51.7%; n = 45) and
91% (n = 79) did not receive a subsequent line after their
PD-(L)1 inhibitor treatment (Appendix Table A4). The
median time from advanced diagnosis to PD-(L)1 inhibitor
initiation of 4.9 (IQR: 1.6-11.7) months in CAS was shorter
than in US data sets (ranging from 6 to 8 months), likely
because of higher ﬁrst-line PD-(L)1 usage in CAS. At 10.6
(IQR: 3.9-16.0) months, the median follow-up time from
PD-(L)1 inhibitor initiation was slightly longer in CAS than in
US data sets (6-9 months).
Real-World End Points
Table 2 shows the median time-to-event estimates for realworld end points in CAS. The median rwOS (Fig 2) was
11.4 months (95% CI, 10.4 to 12.7), consistent with the
range observed in US data sets (from 8.6 to 13.5 months).
The median rwTTD for CAS was 4.9 months (95% CI, 4.7 to
5.1), within the range of US data sets (3.2-7.0 months).
Median rwOS and 95% CI segmented by treatment setting
and patient demographic characteristics are given in
Table 3. Median rwOS in CAS was higher for the age groups
65-74 and ≥ 75 years (both around 12.2 months). Unexpectedly, survival improved with age among patients in
CAS and a similar pattern was reported only in US data set
E. In CAS, median rwOS at 13.5 months was higher in
female than in male patients (9.95 months), consistent with
the pattern seen in most of the US data sets. Within the CAS
database, stage III patients had higher median rwOS
(15.8 months) than many US data sets (B, C, and D). For CAS
patients, median rwOS was higher for nonsquamous than
squamous aNSCLC (11.8 months) within the range of US
data sets (from 8.7 to 14.2 months). Median rwOS decreased
almost linearly with increasing therapy line in CAS, whereas
in US data sets, there was greater variability in survival across
therapy lines with gains in survival also observed in higher
lines. In the ﬁrst-line setting, the median rwOS in CAS was
13.4 months (95% CI, 11.9 to 15.6). In the second-line
setting, it was 10.2 months (95% CI, 8.9 to 11.8). In the USbased data sets, there was a wide range in ﬁrst-line median
rwOS from 9.4 to 20.8 months. In the second-line setting,
where the US range for median rwOS was narrower 7.9-11.7
(95% CI, 6.5 to 10.5-10.9 to 12.8), the CAS results were also
consistent with the observed range (Appendix Table A3).
Unlike the US data sets, mortality information is systematically completed for all patients in CAS through linkage with
ONS. Correlations between rwOS and rwTTD for CAS and US
data sets are shown in Appendix Table A5 (0.7 in CAS
compared with the US range of 0.6-0.9).
DISCUSSION
This study compared the ﬁndings from the US-based
Friends’ pilot project with a UK Cancer Registry (CAS database) to characterize the validity of real-world end points
for addressing clinically relevant questions on treatment
effectiveness, determination of unmet need, and use of PD(L)1 inhibitors across diverse health care settings. This

TABLE 1. Description of Demographic and Clinical Characteristics of Patients With aNSCLC Treated With PD-(L)1 Checkpoint Inhibitor
Patient Characteristic

CAS (N = 2,035)

Data Sets A-F (N = 269-6,924)

Median age at advanced diagnosis, years (IQR)

67.00 (60.00-73.00)

64-70 (14-15)

Median age at PD-(L)1 inhibitor initiations, years (IQR)

68.29 (61.55-73.68)

65-71 (14)

Demographic characteristics

Age categories at PD-(L)1 inhibitor initiation, years, No. (%)
≤ 49

87 (4.28)

8-219 (3-5)

50-64

567 (27.86)

65-2,048 (24-45)

65-74

971 (47.71)

94-2,504 (33-39)

≥ 75

410 (20.15)

86-2,153 (15-38)

, 75

1,625 (79.85)

167-4,771 (62-85)

≥ 75

410 (20.15)

86-2,153 (15-38)

931 (45.75)

125-3,172 (44-49)

1,104 (54.25)

143-3,752 (51-56)

Age categories at PD-(L)1 inhibitor initiation, years, No. (%)

Sex, No. (%)
Female
Male
Unknown or missing

0

0-5

Race or ethnicity, No. (%)
White
Black or African American
Asian
Chinese
Others
Mixed
Unknown or missing

1,865 (91.65)
—
27 (1.33)

160-4,969 (65-87)
14-594 (8-13)
6-155 (1-19)

1,662 (81.67)
42 (2.06)

1-580 (1-9)

—
67 (3.29)

0-2,085

Clinical characteristics
Stage at initial diagnosis, No. (%)
0 or occult

—

I

—

II
IIIa
IV

—
373 (18.33)
1,662 (81.67)

Not reported

0-2 (0)
18-496 (6-7)
17-426 (6-7)
17-1,494 (7-23)
161-4,335 (62-91)
10-175

Histology, No. (%)
Nonsquamous NSCLC

1,448 (71.15)

194-4,679 (66-74)

521 (25.60)

61-1,983 (17-30)

NSCLC NOS

24 (1.18)

10-262 (3-10)

Others speciﬁed

42 (2.06)

Squamous cell carcinoma

Unknown or missing

—
4

Line of ﬁrst PD-(L)1 inhibitor, No. (%)
1 (no prior therapy received)

950 (46.68)

77-2,074 (18-30)

2

898 (44.13)

87-3,357 (32-56)

3

129 (6.34)

51-1,012 (15-20)

≥ 4

33 (1.62)

44-481 (3-20)

Missing or unknown

25 (1.23)

Follow-up time, months, median (Q1, Q3)
From advanced diagnosis to PD-(L)1 inhibitor initiation

4.86 (1.61, 11.70)

6-8 (2.13-4.15)

From advanced diagnosis

16.79 (10.61, 26.05)

14-18 (8.25-10.31)

From PD-(L)1 inhibitor initiation (any LOT)

10.61 (3.91, 16.00)

6-9 (2.12-4.13)

Abbreviations: aNSCLC, advanced non–small-cell lung cancer; CAS, Cancer Analysis System; IQR, interquartile range; LOT, line of therapy; NA, not
applicable; NOS, not otherwise speciﬁed; NSCLC, non–small-cell lung cancer; PD-(L)1, programmed death-1 or programmed death ligand-1; Q1, quartile 1;
Q3, quartile 3.
a
Only stage IIIB patients were included in the analysis of CAS data.
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TABLE 2. Median Time and 95% CI for Real-World Extracted End
Points Comparing CAS With US Data Sets
Data Set
rwOS
rwTTD
CAS

11.40 (10.38 to 12.65)

4.86 (4.67 to 5.09)

A

13.50 (12.80 to 14.50)

7.03 (6.27 to 9.97)

B

15.78 (12.2 to 24.59)

3.25 (2.76 to 3.75)

8.58 (7.56 to 10.36)a
C

8.67 (6.83 to 10.02)

4.70 (3.68 to 5.52)

D

9.15 (8.82 to 9.51)

3.21 (3.21 to 3.44)

E

12.69 (11.70 to 13.87)

3.63 (3.40 to 3.87)

F

12.30 (9.61 to 16.94)

4.60 (3.71 to 6.32)

Abbreviations: CAS, Cancer Analysis System; rwOS, real-world
overall survival; rwTTD, real-world time to treatment discontinuation.
a
Sites with social security or state death data, censored at the
estimated earliest date such that data should be available if no death
was observed.

study is based on the UK National Health Service, which
operates on a fundamentally different health care model
(ie, free for all at the point of use). Furthermore, this study
helps to assess the performance of real-world end points
because of the completeness of patient and mortality information and validate the CAS database by way of comparison with diverse US data sets.
A comparison of the present study with the US-based pilot
study highlights a few key differences between CAS and the
US data sets in terms of population and database characteristics. CAS captures clinical characteristics related to TNM
staging, whereas this information is generally not available in
US-based claims data. Thus, unlike most US-based data
sets, which also included patients early-stage progressed
NSCLC, the present study included only incident stage IIIB-IV
NSCLC, with more than 80% of patients diagnosed in stage
IV. In CAS, the median follow-up time from PD-(L)1 inhibitor
initiation was longer than that in the US data sets, mainly
attributed to the large proportion of PD-(L)1 inhibitors in
patients within ﬁrst-line setting. The estimated overall median
rwOS in CAS was within the range of estimates observed in
the US data sets although the observed US range was relatively wide. Variations in rwOS in the US data sets are likely
due to challenges in accessing mortality data, as deaths are
not routinely recorded in most electronic health care records
or insurance claims. In contrast to CAS where mortality is
ascertained through regularly updated linkage with ofﬁcial
national mortality statistics, some US-based RWD rely on
published obituary or insurance data to supplement the gaps
in mortality information.13 Combining data from multiple
research-ready real-world sources under a common
framework can enhance the reliability of real-world end
points. Therefore, combining different data types and sources allows timely availability of data, addresses missing data,
and improves completeness to create robust data sources.13
RCTs demonstrate efﬁcacy of PD-(L)1 inhibitors under
optimal settings, whereas real-world evidence (RWE)
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provides realistic estimates of effectiveness in routine clinical
practice. There can be differences in the results of RWD and
RCTs; however, considering the complexities in health care
systems and high degree of variation in treatment response in
the real world, RWD may differ from RCTs but still be valid.14
The CAS database has several key strengths including the
use of synthetic data to facilitate data access while
maintaining patient conﬁdentiality, linkage between a national population–based cancer registry of England with a
national systemic therapy database (SACT) and other national databases, and most importantly, the inclusion of
mortality data obtained via linkage with ONS. Mortality data
are reliably captured through regular updates as structured
ﬁelds and undergo regular evaluations of validity. This includes a tracing process annually, which ensures the
completeness of the annual mortality update. Completeness of survival or mortality data emphasizes and validates
the overall ﬁndings of the study.
This study also highlights some limitations of the CAS
database. First, the CAS database currently does not
contain biomarker data although this information is expected in the future. Information on patients’ biomarker
status would be relevant in interpreting the results of this
study, given that response to treatment with PD-(L)1 inhibitors has been shown to correlate with the NSCLC
molecular proﬁle. Previous studies have failed to demonstrate unequivocal survival beneﬁts of PD-(L)1 inhibitor
monotherapy in patients with epidermal growth factor
receptor (EGFR) or anaplastic lymphoma kinase (ALK) genetic
alterations compared with standard chemotherapy.15 Second,
disease progression and treatment response are also not
directly captured. Treatment-related intermediate end
points, such as time to next treatment or death, can be
derived from the available data and used to make inferences about possible disease progression. However, such
intermediate treatment-related end points are generally
limited to patients who have received a subsequent therapy. Compared with most electronic health care records,
CAS has a longer lag time as it combines data from national
cancer registry and other national databases, which contributed to a shorter observed follow-up time in our study.
Because of the high completeness of mortality information
in CAS, stronger insights can be gleaned into the value of
nontraditional end points, such as time to treatment discontinuation (TTD). The strong correlation between overall
survival and TTD in these data further elucidates the role of
TTD and its potential use as an earlier indicator of clinical
beneﬁt. This could prove to be useful in evaluating the
effectiveness of therapies in a broader range of RWD sets,
particularly in instances where mortality information may be
less accurate or incomplete.
Compared with the US-based study, a higher proportion of
patients in CAS received treatment with PD-(L)1 inhibitor in
the ﬁrst-line setting. This was largely due to the time period
studied, which reﬂects the later approval and

Median rwOS (months)
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CAS

US Data Sets
FIG 2. Comparison of median rwOS (with 95% CI) in CAS with six US data sets in patients with aNSCLC treated with
PD-(L)1 inhibitors. aNSCLC, advanced non–small-cell lung cancer; CAS, Cancer Analysis System; OS, overall
survival; PD-(L)1, programmed death-1 or programmed death ligand-1; rwOS, real-world overall survival.

RCTs are widely used by regulators because of their strong
internal validity, despite having limited generalizability to realworld settings.16 The CAS database represents more than 99%
of the population of England and is nationally representative for
patients with cancer. Thus, the results of this study are broadly
representative of patients with aNSCLC treated with PD-(L)1
inhibitors in England over the observed time period. National
coverage makes CAS a valuable resource for assessing realworld end points, and it may also be used for research in rare
cancers, where RCTs may be less feasible. Furthermore,
studies similar to ours can establish reference ranges for direct
comparison of RWD with clinical trial data in oncology paving
the way for alternative study designs.17

completeness and quality, and this trend is expected to
continue.18 In 2021, CAS is expected to incorporate
biomarker data, which can provide additional insights into
clinical characteristics of patients. Extension of initiatives
such as Friends to multicountry settings will further
support the development of best practices for the generation and evaluation of RWE to supplement RCTs in
regulatory decision making and inform the development of
future regulatory guidance.14 RWE can support regulatory
decision making about new or expanded medication indications in a number of ways, from the more established
use of external controls for single-arm trials, which have
also been used as the basis of US Food and Drug
Administration–accelerated approvals, to the growing
interest in the use of pragmatic trials and nonrandomized
RWE from health care databases, particularly in situations
where real-world outcomes and clinical practice patterns
differ signiﬁcantly from the tightly controlled RCT
settings.6,19 Studies similar to ours that establish research
processes and evaluate the strengths, limitations, and
validity of speciﬁc RWD for addressing deﬁned clinical
questions can support development of guidelines on ﬁtfor-purpose RWD and deﬁning standards for RWE studies
intended to inform regulatory decisions.19

RWD collection practices for treatment and clinical parameters have improved over time in terms of data

In conclusion, this study corroborates and extends the
conclusions of the original pilot study that RWD can

reimbursement—and in the case of nivolumab also, more
restricted use through the Cancer Drugs Fund—of PD-(L)1
inhibitors in England. The earlier approval and reimbursement of pembrolizumab in England, relative to the
later approval and conditional reimbursement (through
CDF) of nivolumab, has also led to a disproportionate
number of patients treated with pembrolizumab in our
study. Patients who received other PD-(L)1 inhibitors (ie,
nivolumab) through the CDF are under-represented in our
analysis because clinical outcomes data were not accessible for these patients.
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TABLE 3. Median rwOS and 95% CI, Segmented by Treatment Setting and Patient Characteristics Comparing CAS With US Data Sets
CAS
No. of Patients
(N = 2,035)

Variable

No. of Events
(n = 1,244)

Data Sets A-F
Median OS (months)
(95% CI)

No. of Patients (N = 2696,924)

Median OS (months) (95% CI)

Age, years
≤ 49

87

57

6.54 (4.47 to 9.03)

8-219

50-64

567

347

10.51 (9.3 to 13.67)

65-2,047

8.3-16.9 (6.8 to 11.4-9.4 to NA)

9.1-18.1 (2.7 to NA-11.9 to 21.6)

65-74

971

590

12.19 (10.71 to 13.6)

94-2,504

8.6-13.4 (6.7 to 12.3-12.1 to 14.9)

≥ 75

410

250

12.22 (9.86 to 14.09)

51-2,153

7-13.2 (5.0 to 15.7-11.8 to 14.6)

Sex
Female
Male

931

532

13.5 (11.79 to 15.51)

1,104

712

9.95 (8.9 to 11.4)

187-950

8.4-14.8 (7.3 to 8.9-13.2 to 16.9)

143-3,172

7.9-13.2 (6.8 to 10.1-12.1 to 14.5)

Stage
0 or I

9-498

II

5.7-12.1 (0.5 to 9.7-10.7 to 14.0)

13-426

IIIa
IV

6.4-13.9 (1.5 to NA-4.0 to NA)

373

196

15.84 (13.54 to 18.4)

39-1,494

9.6-14.9 (6.7 to NA-9.4 to 22.1)

1,662

1,048

10.51 (9.59 to 11.93)

161-4,334

8.3-12.1 (7.8 to 8.8-8.3 to 20.7)

Unknown

10-91

NA-7.9 (6.2 to 10.6)

Histology
NSQ

1,448

867

11.83 (10.38 to 13.21)

194-4,678

521

343

10.51 (8.48 to 12.32)

61-1,983

NOS

24

14

10.18 (4.99 to NA)

Others
speciﬁed

42

20

21.29 (13.83 to NA)

SQ

10-220

9.6-14.2 (9.1 to 10.3-12.7 to 15.8)
6.8-13.9 (4.9 to 8.8-8.6 to NA)
10.3-20.4 (5.1 to 13.3-6.1 to NA)

LOT number of ﬁrst PD-(L)1 inhibitor
1

950

526

13.37 (11.86 to 15.57)

74-2,074

9.4-20.8 (6.4 to 12.2-14.8 to 25.1)

2

898

590

10.15 (8.94 to 11.83)

87-3,357

7.9-11.7 (6.5 to 10.5-10.9 to 12.8)

3

129

95

7.46 (6.01 to 10.55)

51-1,011

4+

33

25

4.8 (3.25 to NA)

Missing

25

8

NA (14.59 to NA)

34-481

9-15.3 (7.8 to 9.9-9.6 to NA)
5.1-14.2 (2.1 to 11.9-10.1 to 17.2)

Abbreviations: CAS, Cancer Analysis System; LOT, line of therapy; NA, not applicable; NOS, not otherwise speciﬁed; NSQ, nonsquamous; OS, overall
survival; PD-(L)1, programmed death-1 or programmed death ligand-1; rwOS, real-world overall survival; SQ, squamous.
a
Only stage IIIB patients were included in the analysis of CAS data.

generate clinically meaningful and timely evidence on the
efﬁcacy of new cancer treatments used across diverse realworld settings. It further describes the usefulness of readily
extractable end points, such as TTD, to assess clinical
beneﬁt.
Despite the variation in local clinical practice and data
collection, there was considerable consistency in the

ﬁndings between CAS and the US data sets. The observed
differences in results could be largely explained by underlying differences in health care settings, including the
timing of and variation in approvals and reimbursement,
and data structure. This supports the premise that RWE can
be informative for clinical, payer, policy, and regulatory
decision making.
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APPENDIX

TABLE A1. Operational Deﬁnitions
Term

Deﬁnitions

End point
rwOS

Length of time from the index date that the patient initiates treatment with a PD-(L)1 inhibitor to the date of death or end of
follow-up, whichever occurred earliest. For claims data, health plan disenrollment dates are incorporated if deaths are
not captured among those who leave health plan coverage. For CAS data, patients were censored at their last vital status
date

rwTTD

Length of time from the index date that the patient initiates treatment with a PD-(L)1 inhibitor to the date that the patient
discontinues the treatment. The study treatment discontinuation date was deﬁned as the last administration or
noncancelled order of a drug contained within the PD-(L)1 regimen. Discontinuation was deﬁned as having a
subsequent systemic therapy after the initial PD-(L)1–containing regimen, having a gap of more than 120 days with no
systemic therapy after the last administration or having a date of death while on the PD-(L)1–containing regimen.
Patients without a discontinuation were censored at their last known PD-(L)1 use. For CAS data, patients were censored
at their last vital status date

Other elements
Structured follow-up time

Length of time from the date that the patient initiates PD-(L)1 therapy or advanced diagnosis date for each patient until the
last structured activity (ie, most recent visit or administration), unenrollment when relevant, death, or end of the followup period (ie, last structured activity)

LOT

LOT may be available from review of structured medication data, text ﬁelds, or other unstructured data from chart review.
The ﬁrst LOT was identiﬁed on the basis of the ﬁrst date of receipt of any anticancer medication for treatment of
aNSCLC. A treatment regimen was deﬁned as the combination of anticancer medications that were received within the
ﬁrst 30 days of treatment with the ﬁrst anticancer drug (in CAS, the ﬁrst LOT includes all systemic anticancer
medications given during the ﬁrst 28 days). The second LOT was identiﬁed after a gap of 120 days or more in infusion or
oral anticancer drug therapy or if the combination of drugs being received was changed (in CAS, second LOT was
identiﬁed after a treatment gap of ≥ 70 days or after a change in treatment). Subsequent LOTs were deﬁned similarly

Abbreviations: aNSCLC, advanced non–small-cell lung cancer; CAS, Cancer Analysis System; LOT, line of therapy; PD-(L)1, programmed death-1 or
programmed death ligand-1; rwOS, real-world overall survival; rwTTD, real-world time to treatment discontinuation.
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TABLE A2. Description of Demographic and Clinical Characteristics of Patients With aNSCLC Treated With PD-(L)1 Checkpoint Inhibitor
Patient Characteristic

CAS (N = 2,035)

Data Set A
(n = 2,595)

Data Set B
(n = 556)

Data Set C
(n = 435)

Data Set D
(n = 6,924)

Data Set E
(n = 2,860)

Data Set F
(n = 269)

Demographic characteristics
Median age at advanced 67.00 (60.00-73.00)
diagnosis, years (IQR)

68 (15)

64 (14)

66 (14)

69 (14)

68 (14)

70 (14)

68.29 (61.55-73.68)

69 (14)

65 (14)

68 (14)

69 (14)

69 (14)

71 (14)

Median age at PD-(L)1
inhibitor initiation,
years (IQR)

Age categories at PD-(L)1 inhibitor initiation, years, No. (%)
≤ 49

87 (4.28)

120 (5)

24 (4)

21 (5)

219 (3)

80 (3)

8 (3)

50-64

567 (27.86)

888 (34)

252 (45)

129 (30)

2,048 (30)

863 (30)

65 (24)

65-74

971 (47.71)

866 (33)

194 (35)

169 (39)

2,504 (36)

1,047 (37)

94 (35)

≥ 75

410 (20.15)

721 (28)

86 (15)

116 (27)

2,153 (31)

870 (30)

102 (38)

Age categories at PD-(L)1 inhibitor initiation, years, No. (%)
, 75

1,625 (79.85)

1,874 (72)

470 (85)

319 (73)

4,771 (69)

1,990 (70)

167 (62)

≥ 75

410 (20.15)

721 (28)

86 (15)

116 (27)

2,153 (31)

870 (30)

102 (38)

931 (45.75)

1,147 (44)

275 (49)

212 (49)

3,172 (46)

1,351 (47)

125 (46)

1,104 (54.25)

1,448 (56)

281 (51)

222 (51)

3,752 (54)

1,509 (53)

143 (53)

0

0

Sex, No. (%)
Female
Male
Unknown or missing

0

0

0

5

1

Race or ethnicity, No. (%)
White

1,865 (91.65)

Black or African
American

—

1,704 (78)

477 (86)

284 (65)

4,969 (79)

676 (87)

160 (87)

282 (13)

67 (12)

37 (9)

594 (9)

44 (6)

14 (8)

Asian

27 (1.33)

52 (2)

6 (1)

83 (19)

155 (3)

13 (2)

9 (5)

Others

42 (2.06)

142 (7)

6 (1)

31 (7)

580 (9)

42 (5)

1 (1)

Unknown or missing

67 (3.29)

415

0

0

626

2,085

85

Clinical characteristics
Stage at initial diagnosis, No. (%)
0 or occult

0

2 (0)

I

23 (6)

496 (7)

II

22 (6)

426 (6)

17 (7)

IIIa
IV

18 (7)

373 (18.33)

88 (23)

39 (9)

1,494 (22)

17 (7)

1,662 (81.67)

248 (65)

396 (91)

4,335 (64)

161 (62)

Not reported

175

171

10

Histology, No. (%)
Nonsquamous NSCLC

1,448 (71.15)

369 (66)

320 (74)

4,679 (70)

1,981 (69)

194 (73)

521 (25.06)

147 (26)

73 (17)

1,983 (30)

659 (23)

61 (23)

NSCLC NOS

24 (1.18)

40 (7)

42 (10)

262 (3)

220 (8)

10 (4)

Others speciﬁed

42 (2.06)

—

Squamous cell
carcinoma

—

—

—

Unknown or missing

4

Line of ﬁrst PD-(L)1 inhibitor, No. (%)
1 (no prior therapy
received)

950 (46.68)

690 (27)

144 (26)

80 (18)

2,074 (30)

777 (27)

2

898 (44.13)

1,440 (56)

272 (49)

3

129 (6.34)

380 (15)

96 (17)

77 (29)

205 (47)

3,357 (49)

1,414 (49)

87 (32)

85 (20)

1,012 (15)

448 (16)

51 (19)

(continued on following page)
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TABLE A2. Description of Demographic and Clinical Characteristics of Patients With aNSCLC Treated With PD-(L)1 Checkpoint Inhibitor (continued)
Patient Characteristic

CAS (N = 2,035)

≥4

33 (1.62)

Missing or unknown

25 (1.23)

Data Set A
(n = 2,595)
85 (3)

Data Set B
(n = 556)

Data Set C
(n = 435)

44 (8)

65 (15)

Data Set D
(n = 6,924)
481 (7)

Data Set E
(n = 2,860)

Data Set F
(n = 269)

221 (8)

54 (20)

Follow-up time, months, median (Q1, Q3)
4.86 (1.61, 11.70)

7 (3, 14)

8 (4, 15)

6 (2, 13)

8 (3, 17)

7 (2, 14)

From advanced
diagnosis

16.79 (10.61, 26.05)

18 (10, 28)

18 (10, 31)

14 (8, 25)

18 (10, 30)

18 (10, 28)

From PD-(L)1 inhibitor
initiation (any LOT)

10.61 (3.91, 16.00)

8 (3, 16)

9 (3, 16)

6 (2, 12)

8 (3, 14)

8 (4, 13)

From advanced
diagnosis to PD-(L)1
inhibitor initiation

Abbreviations: aNSCLC, advanced non–small-cell lung cancer; CAS, Cancer Analysis System; IQR, interquartile range; LOT, line of therapy; NA, not
applicable; NOS, not otherwise speciﬁed; NSCLC, non–small-cell lung cancer; PD-(L)1, programmed death-1 or programmed death ligand-1; Q1, quartile 1;
Q3, quartile 3.
a
Only stage IIIB patients were included in the analysis of CAS data.
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590

250

50-64

65-74

≥ 75

712

Male

100

18.1 (11.9 to 21.6)

16

Unknown

343

14

20

SQ

NOS

Others speciﬁed

21.3 (13.8 to NA)

10.2 (5.0 to NA)

10.5 (8.5 to 12.3)

11.8 (10.4 to 13.2)

95

25

3

4+
NA (14.6 to NA)

4.8 (3.3 to NA)

7.5 (6.0 to 10.6)

10.2 (8.9 to 11.8)

13.4 (11.9 to 15.6)

74

304

1,174

14.2 (10.1 to 17.2)

12.8 (10.7 to 14.7)

11.7 (10.9 to 12.8)

34

63

191

74

30

93

239

91

5.1 (2.1 to 11.9)

10.7 (6.9 to 17.5)

7.9 (6.5 to 10.5)

9.4 (6.4 to 12.2)

10.3 (5.1 to 13.3)

6.8 (4.9 to 8.8)

9.7 (7.7 to 12.6)

7.9 (6.2 to 10.6)

8.8 (6.8 to 10.6)

9.6 (6.7 to NA)

6.4 (1.5 to NA)

5.7 (0.5 to 9.7)

7.9 (6.8 to 10.1)

8.9 (6.7 to 12.3)

7.0 (5.0 to 15.7)

8.6 (6.7 to 12.3)

8.3 (6.8 to 11.4)

9.1 (2.7 to NA)

Data Set B

21

65

85

205

80

42

73

320

396

39

222

212

116

169

129

8.7 (5.3 to 13.3)

9.3 (6.0 to 12.0)

7.8 (5.8 to 10.3)

9.2 (5.7 to 17.1)

7.9 (3.6 to 17.2)

8.4 (4.8 to 12.1)

8.7 (6.7 to 10.2)

8.7 (6.8 to 10.0)

8.9 (2.7 to 13.4)

7.5 (6.4 to 10.0)

9.3 (7.4 to 13.4)

6.8 (4.2 to 9.1)

8.9 (5.8 to 11.1)

9.3 (6.7 to 13.3)

12.0 (4.3 to NA)

Data Set C

219

481

1,011

3,357

2,074

1,983

4,678

4,334

1,494

426

498

3,172

2,153

2,504

2,047

8.5 (6.9 to 10.5)

9 (7.8 to 9.9)

8.7 (8.1 to 9.2)

10.4 (9.5 to 11.2)

8.7 (7.8 to 9.3)

9.6 (9.1 to 10.3)

8.3 (7.8 to 8.8)

9.8 (9.2 to 10.8)

11.8 (10.6 to 13.3)

12.1 (10.7 to 14.0)

9.8 (9.4 to 10.7)

8.4 (7.3 to 8.9)

8.8 (8.2 to 9.3)

9.3 (8.8 to 10.3)

9.3 (8.4 to 10.3)

9.3 (7.8 to 12.1)

Data Set D

80

221

448

1,414

777

220

659

1,981

1,509

870

1,047

863

12 (8.3 to 15.6)

10.7 (9.0 to 13.9)

10.7 (9.8 to 11.9)

20.8 (14.8 to 25.1)

11.8 (7.9 to 16.1)

10.4 (9.2 to 11.8)

14.2 (12.7 to 15.8)

11.1 (10.2 to 12.4)

14.8 (13.2 to 16.9)

13 (10.6 to 14.8)

12.2 (10.5 to 14.3)

13.8 (11.8 to 15.3)

10.2 (7.9 to 17.4)

Data Set E

8

54

51

87

77

10

61

194

10

161

63

17

18

143

102

94

65

10.4 (6.9 to 21.8)

15.3 (9.6 to NA)

9.1 (7.4 to 20.4)

15.9 (9.9 to NA)

20.4 (6.1 to NA)

13.9 (8.6 to NA)

11.9 (8.8 to 21.8)

NA

12.1 (8.3 to 20.7)

14.9 (9.4 to 22.1)

13.9 (4.0 to NA)

7 (4.9 to NA)

11.9 (8.4 to 20.4)

13.2 (8.8 to 23.3)

10 (8.7 to 15.6)

12.3 (7.6 to 21.6)

16.9 (9.4 to NA)

NA

Data Set F

Abbreviations: CAS, Cancer Analysis System; LOT, line of therapy; NA, not applicable; NOS, not otherwise speciﬁed; NSQ, nonsquamous; OS, overall survival; PD-(L)1, programmed death-1 or
programmed death ligand-1; rwOS, real-world overall survival; SQ, squamous.
a
Only stage IIIB patients were included in the analysis of CAS data.

8

590

2

Missing

526

1

LOT number of ﬁrst PD-(L)1 inhibitor

867

NSQ

Histology

187

62

10.5 (9.6 to 11.9)

196

1,048

9

175

187

51

131

164

IIIa

19.8 (17.2 to 22.2)

13.2 (12.1 to 14.5)

13.7 (12.8 to 15.2)

13.2 (11.8 to 14.6)

13.4 (12.1 to 14.9)

13.6 (11.8 to 14.6)

IV

592

1,194

950

593

728

723

Data Set A

13

15.8 (13.5 to 18.4)

10.0 (8.9 to 11.4)

13.5 (11.8 to 15.5)

12.2 (9.9 to 14.1)

12.2 (10.7 to 13.6)

10.5 (9.3 to 13.7)

6.5 (4.5 to 9.0)

CAS

II

0 or I

Stage

532

Female

Sex

57

347

≤ 49

Age, years

Variable

TABLE A3. Median rwOS and 95% CI, Segmented by Treatment Setting and Patient Characteristics

TABLE A4. LOT for Age Group Below 50 Years
Variable

CAS, No. (%)

Overall

87 (100)

LOT number of ﬁrst PD-(L)1 inhibitor (index LOT)
1

30 (34.48)

2

45 (51.72)

3

—

4+

6 (6.90)

Missing or unknown

—

Abbreviations: CAS, Cancer Analysis System; LOT, line of therapy;
PD-(L)1, programmed death-1 or programmed death ligand.

TABLE A5. Correlations Between rwOS and rwTTD in CAS Compared
With US Data Sets Using Spearman’s Rank Correlation Coefﬁcient
Data Set
Comparison
No.
Correlation (95% CI)
CAS

rwOS v rwTTD

920

0.73 (0.69 to 0.76)

A

rwOS v rwTTD

254

0.63 (0.55 to 0.70)

B

rwOS v rwTTD

254

0.62 (0.54 to 0.69)

C

rwOS v rwTTD

295

0.89 (0.86 to 0.91)

D

rwOS v rwTTD

4,337

0.80 (0.79 to 0.81)

E

rwOS v rwTTD

1,456

0.77 (0.75 to 0.79)

F

rwOS v rwTTD

142

0.80 (0.66 to 0.85)

NOTE. Correlation analysis was restricted to those patients who had
experienced both death and treatment discontinuation.
Abbreviations: CAS, Cancer Analysis System; rwOS, real-world
overall survival; rwTTD, real-world time to treatment discontinuation.
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patients
Mark Stewart1‡, Carla Rodriguez-Watson2‡, Adem Albayrak ID3☯, Julius Asubonteng ID4☯,
Andrew Belli5☯, Thomas Brown6☯, Kelly Cho7,8☯, Ritankar Das9☯, Elizabeth Eldridge3☯,
Nicolle Gatto10☯, Alice Gelman3☯, Hanna Gerlovin ID7☯, Stuart L. Goldberg11☯,
Eric Hansen5☯, Jonathan Hirsch6☯, Yuk-Lam Ho7☯, Andrew Ip ID11☯, Monika Izano ID6☯,
Jason Jones3☯, Amy C. Justice12,13☯, Reyna Klesh ID14☯, Seth Kuranz15☯, Carson Lam9☯,
Qingqing Mao ID9☯, Samson Mataraso ID9☯, Robertino Mera4☯, Daniel C. Posner7☯, Jeremy
A. Rassen ID10☯, Anna Siefkas9☯, Andrew Schrag6☯, Georgia Tourassi16☯,
Andrew Weckstein ID10☯, Frank Wolf6☯, Amar Bhat2☯, Susan Winckler2☯, Ellen V. Sigal1,2☯,
Jeff Allen1*
1 Friends of Cancer Research, Washington, District of Columbia, United States of America, 2 Reagan-Udall
Foundation for the FDA, Washington, District of Columbia, United States of America, 3 Health Catalyst, Salt
Lake City, Utah, United States of America, 4 Gilead Science, Inc. Foster City, California, United States of
America, 5 COTA, Inc., Boston, Massachusetts, United States of America, 6 Syapse, San Francisco,
California, United States of America, 7 Massachusetts Veterans Epidemiology Research and Information
Center (MAVERIC), VA Boston Healthcare System, Boston, Massachusetts, United States of America,
8 Department of Medicine, Brigham and Women’s Hospital, Harvard Medical School, Boston,
Massachusetts, United States of America, 9 Dascena, Oakland, California, United States of America,
10 Aetion, New York, New York, United States of America, 11 Division of Outcomes and Value Research,
John Theurer Cancer Center at Hackensack University Medical Center, Hackensack, New Jersey, United
States of America, 12 VA Connecticut Healthcare System, West Haven, Connecticut, United States of
America, 13 Yale University Schools of Medicine and Public Health, New Haven, Connecticut, United States
of America, 14 HealthVerity, Philadelphia, Pennsylvania, United States of America, 15 TriNetX, Cambridge,
Massachusetts, United States of America, 16 National Center for Computational Sciences Oak Ridge
National Laboratory, Oak Ridge, Tennessee, United States of America
☯ These authors contributed equally to this work.
‡ TCo-lead authors.
* jallen@focr.org

Abstract

Background
The COVID-19 pandemic remains a significant global threat. However, despite urgent need,
there remains uncertainty surrounding best practices for pharmaceutical interventions to
treat COVID-19. In particular, conflicting evidence has emerged surrounding the use of
hydroxychloroquine and azithromycin, alone or in combination, for COVID-19. The COVID19 Evidence Accelerator convened by the Reagan-Udall Foundation for the FDA, in collaboration with Friends of Cancer Research, assembled experts from the health systems
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Methods
Electronic health record (EHR) and claims data were extracted from seven separate databases. Parallel analyses were undertaken on data extracted from each source. Each analysis examined time to mortality in hospitalized patients treated with hydroxychloroquine,
azithromycin, and the two in combination as compared to patients not treated with either
drug. Cox proportional hazards models were used, and propensity score methods were
undertaken to adjust for confounding. Frequencies of adverse events in each treatment
group were also examined.

Results
Neither hydroxychloroquine nor azithromycin, alone or in combination, were significantly
associated with time to mortality among hospitalized COVID-19 patients. No treatment
groups appeared to have an elevated risk of adverse events.
COTA,

Conclusion
Administration of hydroxychloroquine, azithromycin, and their combination appeared to
have no effect on time to mortality in hospitalized COVID-19 patients. Continued research is
needed to clarify best practices surrounding treatment of COVID-19.

shareholder

Background
Despite a growing body of literature about COVID-19 and its cause, SARS-CoV-2, much
remains unclear about which treatment strategies are most effective for the entire clinical
course of the disease. Several therapeutic agents have been investigated, including the antimalarial drug hydroxychloroquine. The evidence regarding its use for the treatment of
COVID-19 continues to evolve [1, 2].
The use of hydroxychloroquine for COVID-19 was initially supported by in vitro studies
showing anti-inflammatory and anti-SARS-CoV-2 activity [3]. Methodological weaknesses
have marked subsequent in vivo studies; many studies have enrolled small numbers of patients
and have not included appropriate control groups or methods to control for confounding variables, making interpretation of findings difficult [4]. While some non-randomized studies
have shown a survival benefit for COVID-19 patients receiving hydroxychloroquine [5], others
have found no evidence of benefit [6]. Still others have identified safety concerns, including an
increased risk of prolonged QT intervals and arrhythmias for patients receiving hydroxychloroquine [7–9]. Additional studies have found that hydroxychloroquine may be more effective
when given in combination with azithromycin [5] while emerging experience may indicate
otherwise, leading to further uncertainty about the appropriate use of hydroxychloroquine.
Differing methodologies to control for potential bias, incomplete capture of the timing of
mechanical ventilation in relation to receipt of hydroxychloroquine, may have contributed to
these inconsistencies.
Despite the development of treatment guidelines for COVID-19 [10], significant questions
remain about best treatment practices. COVID-19 remains a significant global threat, and
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epidemiologic models have predicted that transmission will continue through the coming
years [11]. Due to the significant morbidity and mortality associated with severe cases of
COVID-19, establishing treatment guidelines is an essential step towards improving patient
outcomes. It is therefore important to address methodological inconsistencies of existing studies and remaining uncertainties about the efficacy of hydroxychloroquine for the treatment of
COVID-19.
Towards this end, the COVID-19 Evidence Accelerator convened by the Reagan-Udall
Foundation for the FDA, in collaboration with Friends of Cancer Research, assembles experts
from the health systems research, regulatory science, data science, and epidemiology to participate in parallel analyses. Analytic partners align on a common protocol and conduct analyses
independently; methods and results are shared side-by-side to evaluate differences and similarities. Results are presented to a larger audience, including experts and leaders from the FDA,
to provide informal discussion and review. Several groups, representing distinct populations
within the U.S. to conduct parallel analyses of the effect of hydroxychloroquine, azithromycin,
and the two drugs in combination on COVID-19 outcomes to compare results and better
understand differences in the safety of these treatments for COVID-19.

Methods
Ethical statement
All the data partners received Institutional Review Board (IRB) approval or exemption. The
use of VA data was approved by both the Department of Energy (DOE) (Oak Ridge Sitewide
IRB00000547 for Protocol ORAU000718) and VA review committees and engages both VA
and DOE researchers (VA-DOE Reliance Agreement under the authority of 38 U.S.C. 7303
and 38 U.S.C. 523). In addition to IRB approval, VA R&DC reviewed research proposals for
final Institutional approval and ensured that all research in which the facility is engaged is consistent with the VA mission and complies with all applicable statutory and regulatory requirements. A Waiver of HIPAA Authorization and a Waiver of Informed Consent were approved
for this study ORAU000718. The Aetion/HealthVerity study was approved under exemption
by the New England Institutional Review Board (protocol #1-9757-1) and received a waiver of
informed consent. The COTA study received approval by the Hackensack Meridian Health
IRB (Pro2020-0342) and received a waiver of informed consent. The Health Catalyst dataset
used for this analysis has been de-identified following the expert determination method outlined in 45 CFR 164.514(b)(1). Health Catalyst uses an external vendor to certify that the dataset is de-identified in accordance with 45 CFR 164.514(b)(1). The Dascena study received
approval from the Pearl Institutional Review Board (20-DASC-120) and was granted a waiver
of informed consent. The TriNetX Platform receives Protected Healthcare Information (PHI)
or a Limited Data Set (LDS) from Healthcare Organizations (HCO) strictly under the constraints defined in a Business Associate Agreement (BAA) or a Data Use Agreement (DUA)
under the United States (U.S.) Health Insurance Portability and Accountability Act (HIPAA).
A fundamental Data Privacy principle is that TriNetX does not expose PHI or LDS to the end
users of the TriNetX Platform. The data made available from the TriNetX platform is de-identified based on standard defined in Section §164.514(a) of the HIPAA Privacy Rule. The process by which Data Sets are de-identified is attested to through a formal determination by a
qualified expert as defined in Section §164.514(b)(1) of the HIPAA Privacy Rule. Sypase conducted this work through a Research Collaboration Agreement with the FDA to include an
IRB exemption through the Office of the Chief Scientist (OCS) Human Subject Protection
(HSP) Executive Officer and all of this work involved data from secondary sources. The RCA
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work has been performed under an exemption from the Office of the Chief Scientist (OCS)
Human Subject Protection (HSP) Executive Officer at FDA.

Data sources
The Evidence Accelerator partnered with seven groups to conduct the parallel analyses: Syapse,
COTA/Hackensack Meridian Health (HMH), Dascena, TriNetX, Health Catalyst, Aetion, and
Veteran’s Health Administration (VA). Each group conducting the parallel analysis collected
data from their distinct sources. Syapse, COTA, Dascena, TriNetX, Health Catalyst and VA all
utilized electronic health record (EHR) data, while Aetion utilized medical and pharmacy
claims, and hospital billing data drawn from the HealthVerity Marketplace. Syapse utilized the
EHR and molecular diagnostic lab information from two large Midwestern US health systems.
COTA utilized data from the Real-world Evidence COVid RegistrY (RE-COV-RY) database
collected at Hackensack Meridian Health System. Dascena utilized data from the EHRs from
eight US hospitals. TriNetX drew data from the TriNetX Dataworks USA Network. Health
Catalyst drew data from 17 Health Catalyst clients; the group had access to EHR data including
medication administration. Aetion drew data from the HealthVerity linked medical and pharmacy claims, labs, and hospital chargemaster dataset. The VA used EHR data from the national
VA Healthcare System, with COVID-19 cases adjudicated through a National Surveillance
Tool [12]. A graphical description of coverage and overlap is illustrated in Fig 1 and characteristics of participating data sources and populations is described in Table 1.

Patient inclusions
Data were gathered from the 7 EHR datasets for hospital admissions in the U.S. between January 1, 2020 and June 30, 2020 (index hospitalization). Patients were eligible for inclusion if
they had tested positive for COVID-19 during or prior to their visit or had an International
Classification of Diseases (ICD)-10 code for COVID-19 in the 21 days leading up to admission,
during admission or as a discharge diagnosis (Fig 2). All groups using ICD codes considered
ICD-10 code U07.1; Syapse, Dascena and COTA additionally considered codes B97.21,
B97.29, J12.81, B34.2; for the primary results Health Catalyst required a discharge diagnosis of
U07.1 either primary or secondary to a related primary diagnoses (e.g., pneumonia or acute

Fig 1. Partner map for HCQ analysis. The Evidence Accelerator partnered with seven groups to conduct the parallel
analyses. This is a graphical description of coverage and overlap for each group conducting the parallel analysis and
their distinct sources. Republished from https://www.brightcarbon.com/resources/editable-powerpoint-maps/ under a
CC BY license, with permission from Bright Carbon, original copyright 2020.
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Table 1. Characteristics of participating data sources and populations.
Study
Variable

Aetion

COTA

Dascena

Health Catalyst

Syapse

TriNetX

VA Dataset

Data
source

HealthVerity Medical
and Pharmacy Claims
and Hospital
Chargemaster

Hackensack
Meridian Health
System

Electronic
health
records from
eight US
hospitals

17 Health Catalyst
clients

Integrated data
from health
systems (e.g.
electronic
medical records,
ancillary clinical
sources) and
molecular
diagnostic labs

TriNetX Dataworks
USA Network

Veteran’s affairs
healthcare electronic
health records. Covers
all VA-hospitals with
over 9 million active
users.

HMH Realworld Evidence
COVid-RegistrY
(RE-COV-RY)

No claims, pharmacy
data available
EMR data: medication
administrations,
prescriptions, labs,
diagnoses

Region

Coverage across the U.
S. Majority (57%) in
the Northeast Region.

Northeast
Region; New
Jersey

Across the U.S. with
coverage in 24 states

Midwest

Across the
Northeastern,
Southern,
Midwestern, and
Western regions of
the US.

Nationwide sample
representative of
COVID pandemic
geographic distribution
as of study time period.

Data
processing

Open claims data from
data clearing houses.
Chargemaster data
from hospital billing
system (with details of
hospital stays). Lab
data from a major lab
provider (Quest) plus
several smaller
providers. The data is
brought together by
the HealthVerity de-id
engine through a
common patient ID.

EHR data
abstracted
through chart
review into
REDCap

Data from multiple
EMRs standardized into
single data model;
additional regular
expression and curation
performed to identify
COVID labs

Data from
clinical systems at
multiple health
systems and
molecular data
from diagnostic
labs integrated
into a common
data model

Various and
disparate data is
mapped to industry
standard
terminologies which
produces master
terminology/
intelligent synonym
search.

Corporate data
warehouse (CDW)
repository of EHR for
entire VA. Consists of
inpatient and
outpatient diagnosis
codes, laboratory
results, pharmacy
prescription fills
(inpatient, outpatient,
and IV), vitals, health
factors, and
demographic data.

Data
collection
period

February 2020-April
2020 with follow up
through May 2020

March 2020—
May 2020

Mar 2020—May 2020

February 1 –June
13, 2020

All patients were
diagnosed with
COVID-19 and
hospitalized between
January 20, 2020 and
April 27th 2020.

Case-positive
individuals as of April
30, 2020 followed
through EHR data as of
July 14, 2020.

March 1,
2020-June
20, 2020

respiratory distress syndrome). To ensure accurate assessment of comorbidities, Syapse
imposed a one-year minimum enrollment criteria to their study population of patients diagnosed with malignant cancers on or after January 1, 2015.
All patient data was maintained in compliance with the Health Insurance Portability and
Accountability Act (HIPAA).

Treatment
Patients were considered to be treated with hydroxychloroquine and/or azithromycin if they
received any of those medications at any point during their hospitalization, before discharge
or death (the VA only considered treatments that occurred in the first 48 hours following hospitalization; Health Catalyst required treatment initiation within the first 2 days following hospitalization). Three treatment groups were compared to the population of patients that
received neither hydroxychloroquine nor azithromycin. These treatment groups were hydroxychloroquine and azithromycin in combination, hydroxychloroquine alone, and azithromycin alone. Groups varied in their approach to determining date of cohort entry and index date
of treatment (see S1 File for details). This study was non-interventional and treatment groups
were not randomized.
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Fig 2. Study diagram. Common exclusion criteria were applied across the datasets to arrive at a final study population
to assess patient characteristics and treatment outcomes for patients with COVID-19.
https://doi.org/10.1371/journal.pone.0248128.g002

Covariates
For each patient, data on potential demographic, medication and health-related covariates
were extracted from structured EHR fields, prescription dates, and ICD-10 codes. In one
analysis data were also extracted from structured and unstructured hospital billing data. In
two networks, this data was augmented with claims data. A subset of participating groups
adjusted for health-related variables and medication use prior to the index hospitalization,
sociodemographic factors and comorbid conditions. The ICD codes used to identify comorbidities are presented in the S1 File. Covariates were selected independently by each group.
Covariates considered by each group, and the method of their selection, are presented in
Table 2.

Outcomes
Three primary outcomes were measured: use of mechanical ventilations (as a potential indicator of overall health status of patients), evidence of benefit of hydroxychloroquine (determined
by hospital discharge as an indicator of recovery), and in-hospital mortality (determined by
discharge disposition). Measurement of overall health status and evidence of benefit varies
across groups, contingent on data availability. A summary of outcome definitions is presented
in Table 3.
We also assessed the proportion of patients in each treatment group experiencing any of
the following adverse events: diarrhea, hypoglycemia, cardiac arrest, abnormal electrocardiogram (ECG), arrhythmia, or prolonged QT interval. Adverse event data were not provided by
Health Catalyst or the VA.

Analytic methods
Study follow-up began at slightly different time points within each group’s defined study
design (S1 File). To improve baseline balance and minimize immortal time bias, in Aetion’s
analyses, untreated were matched (on a number of key characteristics including calendar time
and time since hospital admission) to treated patients on the day of first administration of
HCQ (using risk set sampling). The index date for HCQ treated was the first day of treatment
and the index date for the HCQ untreated was defined by the index date of the matched HCQ
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Table 2. Covariates reported by each group.
Health-related Variables

Medication Usage

Sociodemographic
variables

Confounder selection method

Aetion

• Baseline health status: chronic
comorbidities, lifestyle factors, health
resource utilization
• Pre-admission confounders related to
COVID-19 severity: pre-admission
symptoms, pre-admission health
resource utilization, no. days since
symptom onset
• Admitting characteristics: Hospital
characteristics (e.g. urban vs rural, no. of
beds, teaching status), admitting status,
admitting diagnoses
• In-hospital confounders: COVID-19
severity at treatment, trajectory in
severity, respiratory support and
procedural treatments, ICU utilization

• Baseline medication use: chronic
medication use, no. of unique medications
dispensed, no. prescriptions dispensed
• COVID-19-related medications: preadmission outpatient treatments, inpatient
antithrombotics, inpatient antivirals/
antibiotics, other experimental COVID-19
therapies administered prior to or
concurrent with treatment index date,
time from admission to treatment

• Age
• Sex
• Calendar month of
cohort entry
• Insurance type
• US region

A priori assumptions about
confounding structure. and prior
literature

COTA
Hackensack
Meridian
Health

• Smoking history
• Number of comorbidities at baseline
• Comorbid diagnoses
• ICU status
• Fever
• Respiratory rate
• C-reactive protein
• Oxygenation status
• qSOFA

Insulin

• Age
• Sex
• Race
• Nursing home status
prior to admission

Lasso regression using 5-fold
cross validation, with priority
given to variables significant in
determining the outcome of
interest

Dascena

• Vital signs and lab values at admission
(oxygen saturation, D-Dimer, lactate,
temperature, white blood cell count,
respiratory rate, heart rate, and systolic
blood pressure)
• Comorbid diagnoses

remdesivir, macrolide antibiotics,
angiotensin receptor blockers (ARB),
angiotensin-converting enzyme (ACE)
inhibitors, non-steroidal antiinflammatory drugs (NSAID), steroids,
tocilizumab, and statins

• Age
• Sex
• Race/ethnicity
• Income

A priori assumptions about
confounding structure and prior
literature

Health Catalyst

• Chronic comorbid diagnoses
• History of supplemental oxygen use
• History with health-related behaviors
(e.g., smoking)

• remdesivir, macrolide antibiotics,
angiotensin receptor blockers (ARB),
angiotensin-converting enzyme (ACE)
inhibitors, non-steroidal antiinflammatory drugs (NSAID), steroids,
tocilizumab, and statins

• Age
• Sex
• Race/ethnicity
• Income

A priori assumptions about
confounding structure and prior
literature coupled with empiric
interrogation.

Syapse

• Chronic Comorbidities
Clinical characteristics at hospital
admission

Not Reported

• Age
• Sex
• Race/ethnicity
• Estimated Income

A priori assumptions about
confounding structure and prior
literature.

TriNetX

• Comorbid diagnoses
• Oxygenation status
• Baseline invasive

• angiotensin-converting enzyme (ACE)
• Angiotensin receptor blockers

• Age
• Sex
• Race
• Ethnicity

A priori assumptions about
confounding structure and prior
literature

VA

• Lab orders (Lactate dehydrogenase, Creactive protein. D-dimer, Ferritin)
• Height and weight
• Smoking status and alcohol use
• Concurrent inpatient treatments
• Chronic comorbidities
• Frailty
• Lab results and vital signs

• Chronic medication use
• Concurrent inpatient treatments

• Age
• Sex
• Urbanicity
• Region of US
• Long-term care status
• Calendar week of
admission
• Station size or
number of veterans in
care

A priori assumptions about
confounding structure and prior
literature.

https://doi.org/10.1371/journal.pone.0248128.t002

treated patient (for further detail see S1 File). For the VA, the index date was assigned to be 48
hours after hospital admission to avoid immortal time bias. For the other 4 datasets the index
date was the date of admission.
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Table 3. Summary of outcome definitions across groups.
Group

Mechanical Ventilation

Evidence of Benefit

Aetion

Mechanical ventilation

Not assessed

COTA Hackensack
Meridian Health

Mechanical Ventilation

Hospital Discharge

Dascena

Mechanical Ventilation

Hospital Discharge

Health Catalyst

Not assessed

Not assessed

Syapse

Mechanical Ventilation

Not assessed

TriNetX

Not assessed

Improvement from “hospitalized with any oxygen support”
to either “hospitalized on room air” or “discharge” following
the index date

VA

Mechanical Ventilation
within 21 days

Not assessed

https://doi.org/10.1371/journal.pone.0248128.t003

Six groups used time-to-event analyses. The mortality outcome was primarily evaluated as
in-hospital, for five of the groups, while the VA considered time to all-cause mortality within
30 days of the index date. Syapse examined the cumulative incidence of all-cause mortality
during or after the index hospitalization. Health Catalyst conducted a primary analysis using
mortality as time-to-event and sensitivity analysis treating mortality as binary.

Statistical analysis
To examine the association between potential confounders and treatment with hydroxychloroquine and azithromycin, hydroxychloroquine alone, and azithromycin alone, we compared
the distributions of each covariate in each treatment group and in the group receiving no treatment. In addition, we examined the distribution of adverse events across treatment groups.
Methods to assess the association between treatment and outcomes included logistic regression, competing risk analyses, and propensity score methods. Dascena employed Fine and
Gray models for the subdistribution hazard ratio (HR) were used to examine the association
between treatment and each of the outcome measures. This method allows for estimation of
the incidence of events, despite the presence of a competing event that precludes the observation of the event of interest. Incidence was estimated using Breslow’s estimator. All individuals
who had not experienced the event were censored at the end of the study period. Additional
information about statistical methods used by each group can be found in the S1 File.
To adjust for baseline confounding variables, a subset of groups employed propensity score
methods. Logistic regression was used by five groups to predict the probability of treatment
with hydroxychloroquine, azithromycin, or both in the study population, conditional on all
measured confounders. The VA estimated propensity scores using a gradient boosting
machine, implemented using the packages ‘gbm’ and ‘WeightIt’ in R [13–15]. Aetion performed all analyses in the Aetion Evidence Platform v4.5. Propensity scores were then used to
adjust for confounding either through inverse probability of treatment weighting (IPTW), propensity score matching, or adjustment on the propensity score. Health Catalyst conducted sensitivity analyses using unmatched, 1:1 matched, propensity score matched, propensity score
adjusted, and propensity score binned techniques. Details of the adjustment methods used by
each group are presented in Table 4 and in the S1 File.
In each dataset, the association between each treatment (HCQ, HCQ+AZ) and each outcome was assessed in comparison to the non HCQ/AZ group (no treatment, “neither”). Therefore, treatment groups were not directly compared to each other in this analysis. For all
analyses, a two-sided alpha of 0.05 without adjustment for multiple comparisons was used to
determine statistical significance.

94

friends

of

cancer

research

Table 4. Key definitions and methodology.
Study
Variable

Aetion

COTA

Dascena

Health Catalyst Syapse

Inclusion
Criteria

Hospitalized patients
defined as having any
of the suspected
COVID-19 criteria
occurring in the 21
days prior to (and
including) the
hospital admission
date (cohort entry
date) OR in the
discharge diagnosis

Hospitalized
patients defined
having positive
SARS-CoV-2
diagnosis by
RT-PCR

Hospitalized
patients (defined as
length of stay > 24
hours) defined as
having a positive
COVID-19 PCR
test or diagnosis
within five days of
encounter

A discharge
diagnosis of
COVID 19
(ICD-10:U07.1)
either primary
or secondary to
a specific list of
other
conditions

COVID-19
Definition

Medical claim or
chargemaster event
with COVID-19-like
diagnosis or Positive
or presumptive
positive viral lab test
result

Positive
SARS-CoV-2
diagnosis

ICD-10
diagnosis code

COVID-19
Diagnosis
date

Earliest date of
confirmed COVID-19
recorded in 21 days
pre-admission
(inclusive) or
admission date if
diagnosis derived
from discharge
diagnosis

Date of confirmed
COVID-19
diagnosis via PCR
lab result

Earliest positive
PCR lab
collection data
or clinical
diagnosis of
COVID-19

Index Date

Date of hospital
Initiation of
admission
treatment for HCQ
+ patients; matched
controls (HCQ-) were
assigned an index
date of their matched
HCQ treated patient.

Measure of
Overall
Health of
Patients

Mechanical
Ventilation (used as a
control outcome to
refine comparative
approach for future
drug evaluation
studies)

Mechanical
Ventilation

Hospitalized
patients with
malignant cancer
(diagnosed in the
last 5 years) at two
health systems with
confirmed COVID19 diagnosis (via
positive lab result
and/or ICD code)

Date of confirmed
COVID-19
diagnosis via ICD
code or positive lab
result

NA

VA Dataset

Hospitalized patients
identified using
coronavirus codes
used in EMRs for
COVID-19. Any
Code must be
present Jan. 20, 2020
or after to yield
patients. Inpatient
code required 2
weeks before or
anytime after
COVID-19

Hospitalized on or
after first positive
Sars-CoV-2 test.
Treatment
assignment groups
were specified by the
intent-to-treat design
where HCQ/Azith/
Both was/were
initiated in the first
48-hours following
admission.
Comparison groups
(Az, Neither)
included individuals
from hospitals where
at least one person
was prescribed HCQ.

LOINC or ICD-10
diagnosis code

VA cases were based
on the National
Surveillance Tool
classification
following NLP and
adjudication
methodologies
described(12)

Minimum of
positive PCR lab
confirmed date or
clinical diagnosis of
COVID-19

All individuals
included were
required to have a
case-defined
diagnosis date prior
to, or on the same day
as, hospital
admission.

Date of hospital
admission

Date of
hospitalization + 48
hours

For patients with
confirmation of
COVID-19
diagnosis via ICD
and lab test result,
date of lab result is
used

Date of hospital
admission

Mechanical
Ventilation

TriNetX

Mechanical
Ventilation

The rate of recovery, Mechanical
Ventilation
defined as an
improvement from
hospitalized with any
oxygen support to
either hospitalized
on room air or
discharge following
the index date
(Continued )
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Table 4. (Continued)
Study
Variable

Aetion

COTA

Measure of NA
Evidence of
Benefit

Adjusted
Analysis
Approach

RSS+PS; Risk set
sampling of HCQ
untreated patients at
time of HCQ
administration in
HCQ+, followed by
propensity score
matching based on
key patient
demographics and
clinical characteristics

Dascena

Health Catalyst Syapse

TriNetX

VA Dataset

Hospital discharge Hospital discharge

NA

NA

The rate of recovery, NA
defined as an
improvement from
hospitalized with any
oxygen support to
either hospitalized
on room air or
discharge following
the index date

Inverse probability
Propensity score
weight adjusted
matching and
adjusting based on
key patient
demographics and
clinical
characteristics

5-bin
propensity
stratified
analysis

Inverse probability
Not conducted.
Only reported crude weight adjusted
estimates

Gradient boosted tree
models for estimating
weights to use in
sIPTW with Cox
proportional hazards

https://doi.org/10.1371/journal.pone.0248128.t004

Results
Population
In total, 20,371 patient encounters from seven data sources were analyzed. Demographic characteristics of each dataset are laid out in Figs 3–5, with patient comorbidities presented in

Fig 3. Age distribution by treatment group. Categorical age for each treatment group shows similarities and
differences across data sets. Note. Numbers represent percent values.
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Fig 4. Sex distribution by treatment group. Sex distribution by treatment group shows similarities and differences
across data sets. Note. Numbers represent percent values.
https://doi.org/10.1371/journal.pone.0248128.g004

Table 5. Patient characteristics were similar across datasets. Patients receiving treatment with
hydroxychloroquine were typically older than 45 with a larger proportion of males.
For the adverse event with most complete reporting, any arrhythmia, analysis did not support increased arrhythmia in patients receiving hydroxychloroquine versus those not (Fisher’s
Exact Test p-value 0.462) (Table 6).

Outcomes
Frequencies of each evaluated outcome are displayed in Table 7. In the Syapse study population of patients with cancer and COVID-19, crude all-cause mortality estimates were greatest
among patients receiving hydroxychloroquine plus azithromycin (29.6%), followed by azithromycin alone (21.3%). The crude cumulative incidence of mechanical ventilation was also
greatest in the hydroxychloroquine plus azithromycin treatment arm (35.2%), followed by
hydroxychloroquine alone (22.9%).
Given constraints of the data, not all groups performed an adjusted analysis. Six groups
(Dascena, Health Catalyst, TriNetX, Aetion, COTA/HMH and the VA) conducted adjusted
analyses. Among the 3 groups that conducted comparative analyses between hydroxychloroquine plus azithromycin and monotherapy treatment groups (Dascena, Health Catalyst and
the VA), after adjusting for confounding, hydroxychloroquine alone was not found to be associated with mortality, overall patient condition, or benefit to the patient. Interrogation of confounding mitigation demonstrated an ability to balance across treatment groups especially on
key characteristics such as age and comorbid burden. Hydroxychloroquine plus azithromycin
was similarly not associated with any of the outcomes assessed in this study. Adjusted results
are presented in Table 8.
Based on these results, hydroxychloroquine and azithromycin, alone or in combination,
did not appear to impact outcomes among COVID-19 patients. These results were consistent
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Fig 5. Race distribution by treatment group. Race distribution by treatment group shows similarities and differences
across data sets. Note. Numbers represent percent values.
https://doi.org/10.1371/journal.pone.0248128.g005

across datasets, with the only notable difference being the evidence of benefit with azithromycin treatment observed by Dascena. Besides the primary analysis, Health Catalyst performed
additional sensitivity analyses based upon (a) inclusion criteria (positive lab or ICD-10; require
primary discharge ICD-10; allow treatment initiation after the second day), (b) treating mortality as binary, (c) different confounders and confounding mitigation techniques. Results
were as expected: (a) broader inclusion criteria resulted in more baseline group differences, (b)
treating mortality as binary reduced potential treatment benefit especially when not requiring
rapid treatment initiation (e.g., immortal time bias), and (c) more extreme results were
observed in the absence of any confounder adjustment technique and different techniques had
small impacts of results.

Discussion
In this study, a consortium of groups conducted parallel analyses of the effects of hydroxychloroquine, azithromycin, and their combination on health outcomes of COVID-19 patients.
By conducting parallel analyses that aligned on a common protocol, while allowing for flexibility within each group to define covariates, exposure and outcome identification, this study
aimed to provide a robust description of outcomes associated with the use of hydroxychloroquine for the treatment of COVID-19.
Among five sites that contributed race data, Syapse, the VA and Health Catalyst reported
that Black patients made up a larger distribution of HCQ/HCQ+AZM recipients compared to
their distribution without these treatments. Race did not appear to be associated with HCQ
administration in the COTA/HMH dataset; and White patients represented a greater proportion of HCQ/HCQ+AZM recipients in the TriNetX dataset as compared to their distribution
among those without HCQ treatment.
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Table 5. Summary of comorbidities across groups.
Hydroxychloroquine

Population
Size, n

Any Cardiovascular
Disease

Hypertension Diabetes Obesity Coronary artery
disease

Congestive heart
failure

Chronic lung
disease

N (%)

N (%)

N (%)

N (%)

N (%)

N (%)

N (%)

Aetion

385

244 (63)

172 (45)

118 (31)

79 (21)

42 (11)

54 (14)

57 (15)

COTA/HMH

516

334 (65)

313 (61)

185 (36)

186
(36)

94 (18)

Not assessed

37 (7)

Dascena

91

7 (8)

4 (4)

9 (10)

2 (2)

Not assessed

2 (2)

1 (1)

Health Catalyst

335

186 (56)

171 (51)

106 (32)

112
(33)

73 (22)

67 (20)

87 (26)

Syapse

105

49 (47)

29 (28)

37 (35)

79 (75)

9 (9)

8 (9)

0 (0)

TriNetX

347

194(56)

226(65)

135(39)

140(40)

133(38)

82(24)

Not assessed

VA

228

122 (54)

179 (79)

123 (54)

107
(47)

80 (35)

56 (25)

52 (23)

Population
Size, n

Any Cardiovascular
Disease

Congestive heart
failure

Chronic lung
disease

N (%)

N (%)

N (%)

N (%)

N (%)

N (%)

N (%)

Aetion

790

438 (55)

271 (34)

197 (25)

177
(22)

54 (7)

63 (8)

84 (11)

COTA/HMH

1711

985 (58)

917 (54)

558 (33)

629
(37)

232 (14)

Not assessed

114 (7)

Hydroxychloroquine
+ Azithromycin

Hypertension Diabetes Obesity Coronary artery
disease

Dascena

206

13 (6)

11 (5)

23 (11)

12 (6)

Not assessed

2 (1)

14 (7)

Health Catalyst

1157

582 (50)

531 (46)

321 (28)

324
(28)

185 (16)

132 (11)

237 (21)

Syapse

108

70 (65)

48 (44)

38 (35)

92 (85)

13 (12)

10 (9)

1 (1)

TriNetX

578

225 (39)

280 (48)

202 (35)

198
(34)

129 (22)

53 (9)

Not assessed

VA

429

179 (42)

312 (73)

205 (48)

209
(49)

119 (28)

74 (17)

95 (22)

Population
Size, n

Any Cardiovascular
Disease

Congestive heart
failure

Chronic lung
disease

N (%)

N (%)

N (%)

N (%)

N (%)

N (%)

N (%)

Aetion

983

538 (55)

347 (35)

259 (26)

210
(21)

90 (9)

100 (10)

133 (14)

COTA/HMH

398

219 (55)

204 (51)

104 (26)

127
(32)

52 (13)

Not assessed

34 (9)

Azithromycin

Hypertension Diabetes Obesity Coronary artery
disease

Dascena

201

28 (14)

22 (12)

20 (11)

7 (4)

Not assessed

7 (4)

7 (4)

Health Catalyst

1546

719 (47)

641 (42)

413 (27)

315
(20)

223 (22)

172 (11)

285 (18)

Syapse

47

30 (64)

21 (45)

13 (28)

43 (91)

8 (17)

8 (17)

2 (4)

TriNetX

69

35 (51)

37 (54)

24 (35)

24 (35)

17 (25)

11 (16)

Not assessed

VA

339

154 (45)

244 (72)

151 (45)

149
(44)

106 (31)

71 (21)

72 (21)

Neither

Population
Size, n

Any Cardiovascular
Disease

Congestive heart
failure

Chronic lung
disease

N (%)

N (%)

N (%)

N (%)

N (%)

N (%)

N (%)

Aetion

1302

786 (60)

475 (37)

356 (27)

237
(18)

137 (11)

119 (9)

168 (13)

COTA/HMH

688

342 (50)

319 (46)

159 (23)

191
(28)

98 (14)

Not assessed

50 (7)

Hypertension Diabetes Obesity Coronary artery
disease

Dascena

1284

100 (17)

86 (15)

74 (13)

17 (3)

Not assessed

24 (2)

35 (6)

Health Catalyst

1101

611 (56)

556 (51)

337 (31)

283
(26)

233 (21)

225 (20)

276 (25)
(Continued )
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Table 5. (Continued)
Syapse

256

142 (55)

88 (34)

68 (27)

207
(81)

21 (8)

36 (14)

1 (0)

TriNetX

1243

646 (52)

764 (61)

453 (36)

378
(30)

248 (20)

245 (20)

Not assessed

VA

737

423 (57)

592 (80)

377 (51)

271
(37)

284 (39)

201 (27)

197 (27)

https://doi.org/10.1371/journal.pone.0248128.t005

Across all datasets and treatment groups, the most prominent pre-existing conditions
tended to be any cardiovascular disease, hypertension, diabetes and obesity. Overall, obesity
was more prevalent among the HCQ treatment groups than in the neither group.
For most data partners, the proportion of patients treated with any of these comorbidities
was lower or no different in the HCQ groups than in the neither group–with the exception of
Syapse, which was a cancer cohort.
There are several limitations to this study that must be acknowledged. First, despite our
goal of carrying out the same set of analyses on multiple datasets, analyses could not be carried

Table 6. Frequency of adverse events across each treatment group.
Hydroxychloroquine

Any arrhythmia

Diarrhea

MI, Stroke, CABG/PCI

Any conduction disorder

hypoglycemia

N (%)

N (%)

N (%)

N (%)

N (%)
12 (3)

Aetion�

385

92 (24)

15 (4)

29 (8)

13 (3)

COTA/HMH

516

36 (7)

0 (0)

0 (0)

12 (2)

0 (0)

Dascena

91

1 (1)

0 (0)

0 (0)

0 (0)

0 (0)

Syapse

105

7 (7)

1 (1)

4 (4)

0 (0)

1 (1)

TriNetX

347

2 (1)

43 (12)

3 (1)

35 (10)

3 (1)

Population Size, n

Any arrhythmia

Diarrhea

MI, Stroke, CABG/PCI

Any conduction disorder

hypoglycemia

N (%)

N (%)

N (%)

N (%)

N (%)

Hydroxychloroquine + Azithromycin
Aetion�

790

193 (24)

50 (6)

49 (6)

23 (3)

29 (4)

COTA/HMH

1711

88 (5)

0 (0)

0 (0)

35 (2)

0 (0)

Dascena

206

10 (5)

3 (2)

0 (0)

0 (0)

3 (2)

Syapse

108

15 (14)

4 (4)

4 (4)

0 (0)

0 (0)

TriNetX

578

4 (1)

96 (17)

9 (2)

54 (9)

2 (0)

Population Size, n

Any arrhythmia

Diarrhea

MI, Stroke, CABG/PCI

Any conduction disorder

hypoglycemia

N (%)

N (%)

N (%)

N (%)

N (%)

Aetion�

983

232 (24)

51 (5)

53 (5)

36 (4)

36 (4)

COTA/HMH

398

11 (3)

0 (0)

0 (0)

Not assessed

0 (0)

Dascena

201

3 (2)

2 (1)

0 (0)

0 (0)

0 (0)

Syapse

47

6 (13)

3 (6)

3 (6)

1 (2)

0 (0)

Azithromycin

TriNetX

69

0 (0)

0 (0)

0 (0)

0 (0)

0 (0)

Neither

Population Size, n

Any arrhythmia

Diarrhea

MI, Stroke, CABG/PCI

Any conduction disorder

hypoglycemia

N (%)

N (%)

N (%)

N (%)

N (%)

Aetion�

1302

325 (25)

67 (5)

86 (7)

85 (7)

80 (6)

COTA/HMH

688

21 (3)

0 (0)

0 (0)

Not assessed

0 (0)

Dascena

1284

5 (1)

1 (0)

0 (0)

0 (0)

3 (1)

Syapse

256

30 (12)

3 (1)

8 (3)

3 (1)

2 (1)

TriNetX

1243

24 (2)

35 (3)

9 (1)

149 (12)

2 (0)

�

100
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Table 7. Frequencies of outcome for each treatment group.
Mortality

Mechanical Ventilation

Evidence of Benefit

Aetion� (n = 1302)

No Treatment

Not assessed

95 (7%)

Not assessed

COTA/HMH (n = 688)

123 (18%)

44 (6%)

492 (72%)

Dascena (n = 1334)

47 (4%)

44 (3%)

539 (40%)

Health Catalyst (n = 1101)

203 (18%)

Not assessed

Not assessed

Syapse (n = 256)

33 (12.9%)

16 (6.2%)

Not assessed

TriNetX (n = 1243)

188 (15%)

Not assessed

728 (59%)

VA (n = 737)

141 (19%)

69 (9%)

Not assessed

Mortality

Mechanical Ventilation

Evidence of Benefit

Aetion� (n = 385)

Not assessed

48 (12%)

Not assessed

COTA/HMH (n = 516)

154 (30%)

111 (22%)

270 (52%)

Dascena (n = 95)

20 (21%)

14 (15%)

65 (68%)

Health Catalyst (n = 335)

50 (15%)

Not assessed

Not assessed

Syapse (n = 105)

18 (17%)

24 (23%)

Not assessed

TriNetX (n = 347)

45 (13%)

Not assessed

176 (46%)

VA (n = 228)

49 (21%)

32 (14%)

Not assessed

Mortality

Mechanical Ventilation

Evidence of Benefit

Aetion� (n = 790)

Not assessed

128 (16%)

Not assessed

COTA/HMH (n = 1711)

428 (25%)

479 (29%)

1,089 (64%)

Dascena (n = 208)

46 (29%)

73 (35%)

124 (60%)

Health Catalyst (n = 1157)

212 (18%)

Not assessed

Not assessed

Syapse (n = 108)

32 (30%)

38 (35%)

Not assessed

TriNetX (n = 578)

66 (11%)

Not assessed

316 (55%)

VA (n = 429)

90 (21%)

64 (15%)

Not assessed

Mortality

Mechanical Ventilation

Evidence of Benefit

Aetion� (n = 983)

Not assessed

144 (15%)

Not assessed

COTA/HMH (n = 398)

97 (24%)

43 (11%)

266 (67%)

Dascena (n = 206)

8 (4%)

28 (14%)

96 (47%)

Health Catalyst (n = 1546)

280 (18%)

Not assessed

Not assessed

Syapse (n = 47)

10 (21%)

3 (6%)

Not assessed

TriNetX (n = 69)

8 (12%)

Not assessed

35 (51%)

VA (n = 339)

56 (17%)

39 (12%)

Not assessed

Hydroxychloroquine

Hydroxychloroquine + Azithromycin

Azithromycin

�

To align with other Parallel Analysis partners, Aetion assessed the risk of incident mechanical ventilation among patients in the risk set sampled population, before

propensity score matching (used for T1-6). Outcome frequencies in T6 are reported among patients without record of ventilation prior to or concurrent with treatment
index.
https://doi.org/10.1371/journal.pone.0248128.t007

out identically on all datasets due to differences in and limitations of the data. In particular,
not all groups were able to carry out an adjusted analysis that controlled for confounding variables. Second, due to stratification on treatment groups, some analyses were conducted on
small sample sizes. Data was also limited to those collected from United States sources. These
results may therefore not be generalizable to international settings. Coding of certain outcomes, particularly adverse events, may have been incomplete. Therefore, not all outcomes
may have been captured, potentially limiting the accuracy of our results.
These analyses were conducted in parallel among 7 individual groups using their own datasets. Characteristics, definitions, and methodologies used by each of the groups are summarized in Tables 1 and 4. A goal of this project was to develop a common analytical plan for
multiple groups to apply to different datasets as they continued to aggregate data on the
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Table 8. Adjusted hazard ratios for each treatment group.
Mortality

Mechanical Ventilation

Evidence of Benefit

Aetion�

Hydroxychloroquine

Not assessed

1.29 (0.96, 1.74)

Not assessed

COTA/HMH

1.22 (0.93, 1.60)

Not assessed

Not assessed

Dascena

2.6 (0.82, 8.0)

0.32 (0.04, 2.4)

0.80 (0.37, 1.7)

Health Catalyst

Not assessed

Not assessed

Not assessed

TriNetX

1.4 (0.97, 2.05)

Not assessed

1.03 (0.86, 1.23)

VA

1.18 (0.81, 1.72)

1.31 (0.81, 2.13)

Not assessed

Mortality

Mechanical Ventilation

Evidence of Benefit

Aetion

Not assessed

Not assessed

Not assessed

COTA/HMH

1.16 (0.90, 1.51)

Not assessed

Not assessed

Dascena

1.9 (0.91, 4.1)

2.5 (1.2, 5.2)

0.90 (0.58, 1.4)

Health Catalyst

1.09 (0.76, 1.56)

Not assessed

Not assessed

TriNetX

0.99 (0.73, 1.35)

Not assessed

0.87 (0.75, 1.01)

VA

1.18 (0.88, 1.58)

1.54 (1.07, 2.23)

Not assessed

Mortality

Mechanical Ventilation

Evidence of Benefit

Aetion

Not assessed

Not assessed

Not assessed

COTA/HMH

1.31 (0.95, 1.82)

Not assessed

Not assessed

Dascena

0.79 (0.31, 1.6)

1.7 (1.0, 3.0)

1.4(1.0, 1.8)

Health Catalyst

Not assessed

Not assessed

Not assessed

TriNetX

Not assessed

Not assessed

Not assessed

VA

0.89 (0.63, 1.25)

1.03 (0.66, 1.61)

Not assessed

Hydroxychloroquine + Azithromycin

Azithromycin

�

Aetion reports adjusted hazard ratios for incident mechanical ventilation events among hydroxychloroquine initiators and untreated controls matched with both risk

set sampling and propensity score models. Hazard ratios are derived from all hydroxychloroquine initiators and all matched controls, regardless of azithromycin
treatment.
https://doi.org/10.1371/journal.pone.0248128.t008

experience of diagnosis, treatment, and outcomes associated with COVID-19. Given the novelty of the virus and magnitude of the pandemic, the use of data derived from various sources
of healthcare data presents an opportunity to augment clinical trial data with information
about patients not enrolled in clinical studies, and provide information about treatment patterns and observations about those experiences in large, diverse populations. By using a common analysis plan, the resulting observations can be more readily compared and if consistent,
can further support the findings among individual studies.
In this instance, several of the studies were already underway when the parallel analysis was
started. This made it difficult to align on all aspects of the analyses and data parameters. As
future parallel analyses are considered, it is important that participants seek to develop as
much uniformity to the definitions and methods as possible. However, given the different
sources of data, some aspects of the analysis will need to be tailored to the individual dataset
and those variations should be clearly described. As future study questions are developed to
further characterize COVID-19 treatments, it is important to select the sources of data that are
best fit to answer each specific question. In addition, future parallel analysis should consider
using a stepwise approach to perform a sample size, demographic, and feasibility assessment
and use that initial step to optimally design subsequent comparative analyses.

Conclusion
The Evidence Accelerator successfully brought together seven partners to execute analyses in
disparate populations. Representing more than 20,000 patients with COVID-19 across the U.S,
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we found similar trends in those getting HCQ treatment–despite minor differences in coding
and cohort entry. Across the 5 groups who ran comparative analyses, we observed no association between HCQ treatment and mortality, overall patient condition, or evidence of benefit.
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INNOVATIVE DRUG DEVELOPMENT: MODERNIZING CLINICAL TRIALS AND REGULATORY REVIEW

A FRIENDS OF CANCER RESEARCH WHITE PAPER

Harmonizing the Definition and Reporting
of Cytokine Release Syndrome (CRS) in
Immuno-Oncology Clinical Trials
SHAPING THE FUTURE OF EMERGING
IMMUNOTHERAPIES AND CELL THERAPIES

Objective
This white paper focuses on establishing a standardized approach for defining and capturing
cytokine release syndrome (CRS). It also provides considerations for categorizing the variety of
adverse events (AEs) that may accompany CRS, recognizing that presentations of CRS may differ among various immunotherapeutics (e.g., monoclonal antibodies, CAR T-cell therapies, and
T-cell engagers, which can include bispecific antibodies and other constructs). The ultimate
goal is to ensure accurate and consistent identification of CRS in patients receiving immunotherapies in clinical studies to aid in reporting; enable a more precise evaluation of the therapeutic risk-benefit profile; support evidence-based monitoring and management of novel
toxicities; and improve patient care and outcomes. This will be of increasing importance as the
number and variety of molecular targets for these therapies expands and immunotherapies
with novel mechanisms of action are tested either as a monotherapy or in combinations.

Introduction
The emergence of cancer immunotherapies has resulted in transformational advances across
solid and hematological malignancies, bringing new hope to patients with serious, life-threatening diseases. Cancer immunotherapies provide clinically beneficial alternatives and additions to
traditional cytotoxic treatments. Recent U.S. Food and Drug Administration (FDA) approvals and
the rapid expansion of indications for existing agents are enabling broader availability of immunotherapies to cancer patients.
The immuno-oncology (IO) drug development pipeline continues to grow, and cancer immunotherapies are quickly being integrated into the standard of care for many cancers.1 Importantly,
our increasing clinical experience with these immunotherapeutic agents has brought greater
awareness to several unique toxicities when compared to traditional cytotoxic agents. With the
success of newer immunotherapies like T-cell engagers and chimeric antigen receptor (CAR)
T-cells in several hematologic malignancies, there has been growing recognition of cytokine
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release syndrome (CRS) as a distinct clinical entity. Cytokine release syndrome represents one
of the most common toxicities of these therapies and occurs with varying frequency, severity,
and presentation among immunotherapeutic agents.2 The incidence of CRS is relatively low
for conventional monoclonal antibodies, but there is a higher risk of CRS (incidence of 17% to
94%) with CAR T-cell therapies and T-cell engagers.3 While early in the development of immunotherapies, the term CRS was used more generally to describe a syndrome with a dramatic
presentation requiring intensive care, it has been increasingly recognized that CRS presents with
a spectrum of severities, ranging from a self-limited low grade fever to serious multiorgan collapse requiring intensive care.
Although CRS is increasingly recognized as an on-target effect associated with CAR T-cells and
T-cell engagers, the scope of this syndrome, including effects on end organ function, has not been
fully characterized. A standardized approach is needed for diagnosing and reporting CRS and its
manifestations in clinical trials, published literature, and in clinical practice. More importantly there
is a need to distinguish CRS from other clinical entities, such as acute infusion-related reactions
(IRR). Acute IRRs and CRS can have overlapping symptoms and temporality but likely have different pathophysiology and treatments with different prognoses. Inconsistent or inadequate characterization of these toxicities in clinical trials impact how data are presented in publications and
prescribing information, potentially resulting in suboptimal description and management of these
clinical events. This can put patients at risk if their treatment side effects are not properly managed.

Growing Clinical Experience of Infusion Reactions and CRS
Adverse events (AEs) known broadly as IRRs have been long defined, diagnosed, and reported
in an ambiguous and inconsistent manner.4 This arises, in part, from the fact that the term IRR
came into use at a time when few biological therapies were available and acute reactions to an
infusion of a biologic agent were reported. Additionally, little was known about the exact mediators involved in these reactions. Since the introduction of therapeutic monoclonal antibodies into
clinical practice, IRR continues to be used as a term to describe a variety of symptoms occurring
during or shortly after the infusion of the medicinal product. Infusion related reactions following
CAR T-cell administration are infrequent and generally mild. However, with the emergence of
T-cell-engaging therapeutics, in particular T-cell engagers and fusion proteins, distinguishing
CRS from IRR has been a challenge, in that the signs and symptoms may partially overlap.
Infusion-related reaction is a broad term traditionally used to encompass acute findings during
or shortly after an infusion that may include hypersensitivity/anaphylaxis, complement activation-related pseudoallergy (CARPA), CRS, or more nonspecific signs and symptoms.4 During
clinical development, IRRs are generally defined as AEs occurring within the first 24 hours after
infusion of a therapy, with causality deemed by the investigator as related to the therapy. This
operational definition has resulted in this term being used to define a wide array of symptoms
with potentially disparate pathophysiology whose main commonality is occurrence within 24
hours of infusion. The majority of IRRs reported with therapeutic monoclonal antibodies are
self-limited and treated symptomatically.5–8 However, a primary clinical concern within the con-
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text of IRR is whether the reaction is mediated by immunoglobulin E (IgE) because this specific
type of reaction can increase in severity with additional infusions. For that reason, re-challenging is contraindicated with IgE mediated hypersensitivity.4,9,10
CRS is a supraphysiologic response driven by the immune system, which is also observed
commonly in sepsis and other infections and most recently with COVID-19. CRS is T-cell mediated and can occur within several hours to days after infusion, but rarely presents beyond 14
days after initiation of therapy. CRS can be short lived, but often lasts for several days. Because
symptoms of CRS can overlap with other toxicities that have generally been classified as IRRs,
and because both CRS and IRR can occur within a day after infusion, careful examination of the
signs and symptoms, their attribution, and the response to therapy is important. The presentation of CRS may differ depending on the immunotherapeutic. The timing of the onset of CRS can
coincide closely with infusion of T-cell engagers, but for cellular products where T-cell expansion precedes clinical CRS, there may be a significant lag between infusion and CRS symptom
onset.11 CRS typically presents with a fever and may progress to hypotension and/or hypoxia.
Flushing and rash may accompany both anaphylactic reactions and CRS, although specific
skin and mucosal changes such as hives and mucosal swelling predominate in anaphylactic
reactions, occurring in 80% of cases.12 An underlying factor associated with CRS is the release of
cytokines, and this has been identified as a differentiating criterion in the Common Terminology
Criteria for Adverse Events (CTCAE) v.5 definition for CRS and IRRs. However, the measurement of
cytokines is not yet a routine element in clinical practice, nor are there reliable cytokine thresholds for CRS diagnosis. Thus, this distinction alone may not be helpful to clinicians at the bedside, and emergent clinical interventions are still largely based on the clinical manifestations
and severity of CRS as well as response to therapeutic interventions. For example, the role of the
IL-6 pathway in CAR T-cell therapy has been characterized and use of IL-6 blocking agents is
the primary treatment of CRS.13,14

CRS Definition and Severity
In light of our evolving clinical experience with emerging immunotherapeutics, several efforts to
update and harmonize grading criteria for CRS in clinical trials have occurred (Table 1). Additionally,
the elements described in each grading system offer information on what defines severity.
Fever is a CRS-defining characteristic but does not dictate the severity. Therefore, the MSKCC
grading system initially relied on the availability of released cytokine levels measured from
patients in real-time to distinguish severe versus non-severe CRS.21 However, cytokine testing
may be limited to specific health care research settings, and there is currently poor correlation
between cytokine levels and the intensity of CRS signs and symptoms. The presence and severity
of hypotension and hypoxia are most commonly used to assign the grade of severity for CRS, as
these two events drive the need for higher level of care (e.g., intensive care). One unique aspect of
CRS grading is that the severity is often attributed based on practitioner intervention. For example,
the utilization of one or more vasopressor agents to treat hypotension or use of supplemental oxygen or mechanical ventilation for hypoxia would dictate the CRS severity grade.
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Table 1: Evolving Definitions and Criteria for Grading and Managing CRS

Lee Criteria15
Grade 1: Symptoms are not life-threatening and require symptomatic treatment only (e.g., fever,
nausea, fatigue, headache, myalgias, malaise)
Grade 2: Symptoms require and respond to moderate intervention; Oxygen requirement <40% or
hypotension responsive to IV fluids or low-dose single vasopressor or grade 2 organ toxicity
Grade 3: Symptoms require and respond to aggressive intervention; Oxygen requirement of ≥40%
or hypotension requiring high-dose or multiple vasopressors or grade 3 organ toxicity or grade 4
transaminitis
Grade 4: Life-threatening symptoms; Requirements for ventilator support OR grade 4 toxicity
(excluding transaminitis)
CTCAE v5.016
Grade 1: Fever with or without constitutional symptoms
Grade 2: Hypotension responding to fluids; Hypoxia responding to <40% oxygen
Grade 3: Hypotension managed with one vasopressor; Hypoxia requiring ≥40% oxygen
Grade 4: Life-threatening consequences; Urgent intervention indicated
Memorial Sloan Kettering Cancer Center (MSKCC)17
Grade 1: Mild symptoms requiring observation or supportive care only (e.g., antipyretics, antiemetics, pain medication)
Grade 2: Hypotension requiring any vasopressors <24 h; Hypoxia or dyspnea requiring supplemental oxygen <40%
Grade 3: Hypotension requiring any vasopressors ≥24 h; Hypoxia or dyspnea requiring supplemental oxygen ≥40%
Grade 4: Life-threatening symptoms; Hypotension refractory to high-dose vasopressors; Hypoxia or
dyspnea requiring mechanical ventilation
Chimeric Antigen Receptor Toxicity (CARTOX)18
Grade 1: Temperature ≥38°C Grade 1 organ toxicity
Grade 2: Hypotension responds to intravenous fluids or low-dose vasopressor; Hypoxia requiring
oxygen <40%; Grade 2 organ toxicity
Grade 3: Hypotension needing high-dose or multiple vasopressors; Hypoxia requiring oxygen ≥40%;
Grade 3 organ toxicity or Grade 4 transaminitis
Grade 4: Life-threatening hypotension; Needing ventilator support; Grade 4 organ toxicity except
Grade 4 transaminitis

110

friends

of

cancer

research

Penn Criteria19
Grade 1: Mild reaction: Treated with supportive care, such as antipyretics, antiemetics
Grade 2: Moderate reaction: Some signs of organ dysfunction (Grade 2 creatinine or Grade 3 liver
function tests [LFTs]) related to CRS and not attributable to any other condition; Hospitalization for
management of CRS-related symptoms, including neutropenic fever and need for IV therapies
(not including fluid resuscitation for hypotension)
Grade 3: More severe reaction: Hospitalization required for management of symptoms related to
organ dysfunction, including Grade 4 LFTs or Grade 3 creatinine, related to CRS and not attributable to any other condition; Hypotension treated with multiple fluid boluses or low-dose vasopressors; Coagulopathy requiring fresh frozen plasma, cryoprecipitate, or fibrinogen concentrate;
Hypoxia requiring supplemental oxygen (nasal cannula oxygen, high-flow oxygen, CPAP, or BiPAP)
Grade 4: Life-threatening complications, such as hypotension requiring high-dose vasopressors;
Hypoxia requiring mechanical ventilation
American Society for Transplantation and Cellular Therapy (ASTCT)20
Grade 1: Temperature ≥38°C
Grade 2: Temperature ≥38°C; Hypotension not requiring vasopressor; Hypoxia requiring low-flow
nasal cannula or oxygen blow-by
Grade 3: Temperature ≥38°C; Hypotension requiring one vasopressor with or without vasopressin;
Hypoxia requiring high-flow nasal cannula, facemask, nonrebreather mask, or Venturi mask
Grade 4: Temperature ≥38°C; Hypotension requiring multiple vasopressors (excluding vasopressin);
Hypoxia requiring positive pressure ventilatory support (CPAP, BiPAP, intubation, and mechanical
ventilation)

This is important to remember as the use of vasopressors or respiratory support is based
on the clinical judgement of the physician, which may vary and lead to individual bias in
CRS grading. The presence of other organ function abnormalities is included in some but
not all grading systems. These abnormalities of other organs could be reported either as
separate AEs with no relationship to CRS or as preferred terms encompassing CRS. Thus, it
is important to clarify whether CRS definition would consider these abnormalities to capture
the full extent of CRS and minimize the possibilities of under-documenting and/or reporting. Additionally, if a therapeutic modality has the potential to cause clinically severe CRS
that requires treatment with fluids, vasopressors, supplemental oxygen, and anti-cytokine
therapy, we should assume that low-grade events related to these manifestations that may
occur initially are part of that spectrum and define them as CRS. While there are a variety
of published manuscripts, descriptions, and adapted grading criteria and management
strategies for CRS20, it is noted that published definitions and grading criteria do not readily
articulate the distinctions among CRS and other clinical entities that may have overlapping
symptoms and temporality (e.g., IRR, macrophage activation syndrome/hemophagocytic
lymphohistiocytosis [MAS/HLH]).
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Given the current variations in defining and reporting CRS, the working group feels
an urgent need to harmonize grading, collecting, and reporting CRS. Below are our
recommended proposals.
1. Alignment on Defining and Grading CRS
The ASTCT defines CRS as “a supraphysiologic response following any immune therapy
that results in the activation or engagement of endogenous or infused T cells and/or other
immune effector cells. Symptoms can be progressive, must include fever at the onset, and
may include hypotension, capillary leak (hypoxia), and end organ dysfunction.”20 ASTCT’s
definition for CRS represents an opportunity for alignment, prioritization of grading of clinically relevant events, and can be inclusive of currently available and emerging immunotherapies with some considerations noted below.
While each CRS grading scale in Table 1 has advantages and limitations, the working group
recommends the utilization of a harmonized definition and grading scale as well as collection of common data elements within and across development programs. An informal
sponsor survey indicated that out of eight sponsors, seven are utilizing/planning to utilize
ASTCT criteria for new protocols. Several sponsors indicated that some programs have been
underway prior to the release of the ASTCT 2019 grading criteria, and CTCAE and Lee Criteria
2014 were predominantly being used to grade CRS. (see Appendix for Survey Summary). This
is likely driven by efforts to simplify the characterization and categorization of the severity
of CRS in the ASTCT criteria. Some limitations exist, such as the overlapping nature of oxygen requirements between Grade 1 and Grade 2 hypoxia due to the reliance on the oxygen
delivery method and exclusion of end organ toxicities (e.g., renal or hepatic injury) from the
grading that results from CRS. Additionally, the use of proactive premedication (e.g., corticosteroids) may limit or minimize the presence of some symptoms, such as fever, which is
used as a defining characteristic of CRS in the ASTCT 2019 definition.
Since these guidelines have been developed based mainly on the clinical experience with
CAR T-cell therapy, they may prove, with additional clinical experience, to be incomplete for
all cancer immunotherapies and may need to be revised as new data become available
from existing and novel therapies.20 As such, it is important that data collection is aimed at
more than meeting the requirements of any one grading system. Therefore, establishing
core principles for defining CRS that consider the therapeutic modality, symptom manifestation, timing, and response to intervention will be important to enable flexibility and maximize
utility of a harmonized definition for CRS to adequately assess safety profiles of therapeutics
being offered to patients (Table 2).
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Table 2: Principle Components for Defining Cytokine Release Syndrome

Principles

Considerations

Therapeutic Modality

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

Therapeutic Schedule

The onset of CRS and severity can differ based on treatment administration (i.e., one-time infusion vs. multiple infusions). Kinetics of CRS may differ by both disease state and therapeutic platform (e.g., cellular products
vs T-cell engagers).

Temporal Association

The timing of development of CRS depends on patient-, disease-, and
treatment-related factors. In the setting of CAR T-cells, in vivo expansion
of CAR T-cells is associated with the onset and maximum severity. A reasonable temporal relationship to the therapy must be present.

Symptom
Manifestation

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

Laboratory Evaluation

Baseline assessment of inflammatory markers can assist in comparing
with post therapy increase. Laboratory evaluation including C-reactive
protein and ferritin are routinely available. Other cytokine level assessments (IL-6, IL-1, IL-8, TNFα, and IFNγ), if available, can be helpful in further
characterizing this syndrome.

Interventional Care

CRS infers the toxicity may be effectively treated with anti–IL-6 therapy or
other cytokine-directed therapies given in conjunction with corticosteroids
depending on the type of immunotherapy.
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2. Strategy for Assessing CRS Over the Course of a Clinical Development Program
The characterization of CRS for a given experimental therapeutic in the course of a clinical
development program is crucial to ensure the correct diagnosis and deployment of appropriate toxicity management. This is particularly important since some of the therapies used
to manage conditions other than CRS can mitigate the effectiveness of immunotherapy.
During the development of protocols for safety data collection and monitoring strategies as
it relates to CRS, consideration should be given for how toxicities will be identified and managed in routine clinical care. Recognizing the association between the immunotherapeutic
agent and CRS will inform the framework on how best to collect these data.
The collection of a broad dataset for characterizing CRS is resource intensive for both sponsors and investigators; however, assessing the risk of an IRR or CRS during preclinical and
early clinical development of a new therapy will help assess the robustness of data collection required during clinical development to characterize the potential risk of CRS (Figure 1).
The robustness of data collection can be assessed using a decision tree approach, which
includes (1) an initial assessment of the risk of IRR or CRS based on mechanistic models and
preclinical assessment; (2) biomarker and clinical data collection; and (3) iterative review of
aggregate data to make an informed decision regarding CRS designation.

Figure 1. Decision Tree for Assessing a Population-level CRS Risk
during Product Development of an Experimental Agent

Assess risk of infusional toxicity
(IRR or CRS) based on
mechanistic models and
preclinical assessment

[At FIH trial] Define potential risks
in the IB and Protocol:
CRS
IRR
Implement:
Dedicated eCRF for CRS/IRR
Provide treatment guidelines
Collect biomarker data

YES
POTENTIAL
Infusional toxicity
(CRS/IRR)
Non-clinical data
MOA
Class effect

LOW

FIH: first in human, CRF: case report form
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DATA:
biomarkers,
clinical

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

Population-level evidence
cytokine driven clinical signs
and symptoms, and/or
responsiveness to
tocilizumab or other cytokine
directed therapies

YES

CRS

NO
IRR and/or
Hypersensitivity

CRS Characterization
Process for Clinical
Development

All decision points require
clinical judgement and team
review

NO

Standard AE reporting.
No upfront cytokine data
collection.
Frequent review of safety
data.
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Collect data (e.g. biomarkers,
clinical characteristics including
cytokine-related symptoms)

If safety suggestive of CRS
or IRR then adopt YES
guidelines

Continue to
reevaluate the data
as needed

If there is a low risk or no risk of IRR or CRS based on mechanistic models, known class effects,
and non-clinical data, “LOW/NO” guidelines would be followed (Figure 1). In this instance, standard AE reporting and no upfront cytokine and other biomarker data collection would be recommended initially. With ongoing frequent safety data review and consideration for inclusion of
cytokine and biomarker data collection, the data collection plan should be adapted if the clinical data are suggestive of potential IRR or CRS toxicity.
For therapeutic classes that are known to be associated with CRS or at particularly high risk for
inducing CRS based on mechanism of action or preclinical data, the implementation of a dedicated clinical and safety monitoring plan may be required from the onset. The potential risks of IRR
and CRS should be defined in the Investigator Brochure and protocol for the first-in-human trial,
with a dedicated case report form (CRF) for IRR/CRS that collects the associated signs and symptoms. In addition, special preparation may be warranted as part of the protocol such as specific
site training on CRS and the requirement of certain clinical interventions (e.g., inpatient monitoring,
ICU availability, and readily available tocilizumab). In most circumstances, the provision for the
physicians to report either IRR or CRS as the preferred term is recommended until human data
at the population level are available. If there is evidence at the population level of cytokine-driven clinical signs and symptoms, and/or responsiveness to tocilizumab or other cytokine-directed
therapies, it would be concluded that CRS is an identified risk and can be characterized accordingly. Lack of such evidence may suggest that the reaction is a manifestation of IRR or hypersensitivity.
As more data are collected in a harmonized fashion, the field can better decide at which point
and with which factors an event is determined to be a high-grade IRR versus a low-grade CRS.
Understanding if there are implications on patient management will be important.
3. Harmonized Data Elements for Characterizing CRS
Given the likely evolution of defining and grading CRS in the field, the medical community should
ensure that the appropriate data elements are collected to allow derivation with different grading systems. Collection of common data variables using aligned protocols will be important to
enable comparison with different therapies in the future. A suspected diagnosis of CRS will most
likely be based on clinical signs and symptoms. However, the collection of certain data variables, such as laboratory assessments, cytokine profiles, and biomarkers will be important for
future retrospective analyses to assess the relationship of certain signs and symptoms with CRS,
the severity of CRS, natural history of the event including response to therapy, or the identification of predictive biomarkers. CRS should be considered as an adverse event of special interest
(AESI) whenever there is an association of the IO product and CRS.
CRS is most often characterized by fever, hypotension, hypoxia, and increased release of inflammatory cytokines.22 The use of proactive premedication (e.g., corticosteroids) may limit or minimize the presence of some symptoms, such as fever, associated with CRS. In addition, the signs
and symptoms associated with CRS may represent other adverse events from non-CRS etiologies (i.e., IRR, infection). Early in the clinical development of a novel therapy it is important to
collect individual signs and symptoms associated with each case of CRS, since the definition of
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CRS has evolved and is likely to continue to evolve as more experience is gained with immunotherapies. A confirmatory diagnosis could be made at a later date and in the context of
the evolution of clinical symptoms and cytokine data or response to cytokine-directed interventions (see section “Harmonized Approach for Recording and Reporting CRS Events”).
Table 3 outlines key data elements driven largely in part by ASTCT 2019. Review of key data
variables from published severity scales should inform the components of a dedicated CRF
for CRS. These represent minimal data collection elements for sponsors. Comprehensive
data capture will be critical to facilitate new iterations of grading criteria and past criteria to
ensure the safe monitoring and administration of T-cell engaging immunotherapies.

Table 3: Harmonized Collection of Discrete Data Elements

Parameter

Data Collection

Signs/Symptoms

Minimum signs and symptoms to collect include fever, nausea, chills,
vomiting, diarrhea, confusion, dizziness, dyspnea, tachycardia, headache,
hypotension, hypoxia, but the eCRF should allow an investigator to enter
any symptom thought to be a CRS symptom.
Date/time onset (e.g., x hour[s] post infusion of dose); initial grade; maximum grade; date/time resolution; outcome; intervention
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Hypotension management

No intervention required, blood pressure values, intravenous fluids, use
of vasopressors and dose, start/stop date of treatment, and duration of
treatment

Hypoxia management

No oxygen supplementation required, regular flow nasal cannula, highflow nasal cannula, facemask, nonrebreather mask, or Venturi mask;
Positive pressure ventilatory support (CPAP, BiPAP, intubation, and
mechanical ventilation).

Organ toxicity

Liver function tests, creatinine, amylase, lipase, rash, neurotoxicity
cardiac, pulmonary, renal, hepatic toxicities

Cytokines

IL-6, IL-1, IL-8, TNFα, and IFNγ are recommended as a core cytokine panel,
if available and considered in a research setting

Other laboratory
assessments

Routine hematology analysis, including complete blood count and differential, serum chemistries, coagulation factors, ferritin, and C-reactive
protein (CRP)

Care setting

Admitted to hospital or ICU; Duration, including distinguishing ICU from
non-ICU duration

Intervention for management

Tocilizumab or other cytokine-directed therapy administered for management, as well as corticosteroids other supportive care, such as antipyretics, and type of prophylaxis, if any. If applicable, permanent discontinuation of therapy or ability to rechallenge and administer therapy, if
applicable.
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Vital sign assessment should include body temperature, pulse (heart rate), blood pressure,
and oxygen saturation. It is important to note the ASTCT grading depends on the use of supplemental oxygen or positive pressure ventilation and the use of vasopressors. Because the
criteria to use these interventions are not standardized, it could introduce some bias into the
grading of CRS. Once CRS is further characterized, biomarker testing can be reduced to key
time points and biomarkers. Capturing these core data elements may be important for drug
label descriptions and management guideline development.
Additional laboratory tests should be considered among patients who experience a more
severe manifestation of CRS without initial response to interventional therapy. This can
include fibrinogen and complete blood counts, if not already included in the routine hematologic laboratory assessments, triglycerides, and a bone marrow biopsy. The latter being
necessary to confirm the diagnosis of MAS/HLH, which likely has a worse prognosis.
In the setting of CAR T-cell therapy, one important determinant associated with CRS and its
severity is the in vivo expansion of these cells after infusion. Patients with CRS symptoms with
increasing acute phase reactants and expansion of cells might require a different therapeutic approach compared to patients with the same severity of CRS in whom laboratory values
are normalizing. While to date treatment guidelines are based on symptoms, it is important to
capture the lab value information, including cytokine biomarkers, as lab values and cytokines
help improve our understanding of the pathophysiology and may inform future development
of management guidelines. Though currently there are no commercially available assays to
determine expansion and persistence of CAR T-cells, and real-time cytokine analysis is also
not typically available, correlative analyses in the context of clinical trials may allow retrospective analyses to interrogate CRS cases and direct future guidelines for toxicity management.
With CAR T-cell therapy, routine CRS assessment may range from daily CRS assessments
immediately following infusion to two to three times a week for the first 30 days after infusion
can help characterize the evolution of symptoms, development of additional toxicities, treatment, and response to treatment. The timing and frequency of CRS assessments for T-cell
engagers may vary and be dependent on the pharmacokinetics and pharmacodynamics
of the particular molecule and dosing schedule. Timing of sampling should be adapted to
accommodate treatment cycles and protocol-defined scheduled visits.
4. Consistent Method for Recording and Reporting CRS Events
Identification and characterization of CRS can be challenging due the heterogeneity in
presentation of signs and symptoms and similarity of these signs and symptoms of CRS
to other adverse events, such as IRR or infection. A hypothetical case is shown in Figure
2, “Patient Timeline.” A patient treated with a T-cell engager experiences several adverse
events. Initially, the patient presents with a fever of 40.1 degrees Celsius lasting 6 hours
and is accompanied by hypotension that is responsive to a one-liter fluid bolus. The fever
and hypotension are CTCAE Grade 3. The next morning liver function test (LFT) increases
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are noted (Grade 4), and later that day, the patient has a brief generalized seizure that is
self-limited, lasting less than a minute (Grade 2). CRS Grade 2 is diagnosed.20 While all of
these may precede the investigator diagnosing CRS, all these adverse events should be
captured into the CRF and independently reported.

Figure 2. Patient Treatment Timeline and Event Reporting
Following Immunotherapy Administration

In our example case, the event of “fever” precedes the diagnosis of CRS and would be captured into the AE database independently and graded independently as the differential
diagnosis for the fever could include not only CRS but other potential etiologies such as IRR
and infection. Additional events such as the increase in LFTs and seizure are attributable to
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the CRS but could also be recorded as independent AEs into the database. Once CRS
is diagnosed and recorded as an adverse event in the trial database, the symptoms
of CRS should be linked together.
We propose a comprehensive method to capture all the events and link those AEs
that are signs and symptoms of CRS to the CRS event. Such that CRS is the AE, but
the symptoms (fever, LFT increase, seizure) that are AEs in themselves are attributable to CRS and are linked to the CRS event (Figure 2 “Link Events to CRS”). For
instance, one way is to flag each adverse event that is related to CRS and link it
to the specific CRS event. This will allow a more qualitative analysis of CRS, as CRS
can manifest in a variety of organ toxicities including hepatic, renal, and neurotoxicity. This method would also allow the optionality of reporting all AEs, CRS, and
the specific organ toxicity, separately or allow collapsing of the CRS related events
to a single adverse event. Given the importance of the central nervous system
(CNS) related toxicity with T-cell therapies it is recommended that ICANS (immune
effector cell-associated neurotoxicity syndrome) events be captured and scored
separately. In the case described any seizure would be captured as a Grade 3 or
greater ICANS.
However, without data collection standards several outcomes in terms of data capture may arise. For instance, one possible method is that all the signs and symptoms
that are attributable to CRS could be collapsed into the AE preferred term of CRS.
Once the investigator identifies CRS, as part of data cleaning, the fever, LFT increase
and even seizure events could be accounted for by CRS and only the CRS event is
reported (Figure 2 “Collapse Events to CRS”). However, this method would lead to the
loss of actionable information for physicians and patients.
As recommended in Table 3, additional information should be captured including
use of concomitant medications (i.e., tocilizumab or other cytokine-directed therapy, oxygen, vasopressors, corticosteroids) and specific interventions (i.e., method of
oxygen delivery, mechanical intervention, IV fluids). Here in our example case, the use
of IV fluids and not vasopressors defines a Grade 2 CRS event. Although these items
may be collected in other parts of the electronic data capture record, it is important
these events are easily linked to a specific CRS event as CRS grading is dependent
on these interventions in most classification systems. In addition, some grading systems can lead to downgrading of events. As an example, liver function laboratory
values may increase transiently and meet the criteria for CTCAE Grade 4 CRS based
upon these laboratory changes; however, this increase will only meet the definition
of a Grade 2 CRS by ASTCT criteria if it is not accompanied by clinically significant
changes in blood pressure or oxygen requirement.
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Conclusions
Cytokine release syndrome is commonly seen with newer immunotherapies like T-cell
engagers and CAR T-cells. All investigators should commit to a harmonized data collection approach using a dedicated CRS eCRF with data elements identified in Table 3 as a
guide to ensure consistency in how data is collected and presented. This working group
outlined several actionable proposals that can help incentivize more aligned strategies
for deployment in early clinical development programs of emerging immunotherapies:
•
•
•
•

Alignment on Defining CRS
Strategy for Assessing CRS Over the Course of a Clinical Development Program
Harmonized Data Elements for Characterizing CRS
Consistent Method for Recording and Reporting CRS Events

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

Appendix

An informal survey tool was conducted to provide a landscape assessment of the current
approaches and efforts being used to harmonize definitions for CRS and align data collection strategies that can be analyzed retrospectively as definitions change and will maintain
its relevance as the field evolves. This survey was circulated amongst participating drug
sponsors and organizations and generated three key findings that guided this work:
First, survey responses indicated that, generally, there are not harmonized definitions for
IRR and CRS in IO clinical trials. Often, a distinction between IRR and CRS is based on the
temporality of the events, but this may be due to the absence of a better parameter. The
lack of a standardized definition can be partially explained by the difficulty associated
with applying a singular definition to a broad field of diverse agents such as monoclonal antibodies, T-cell engagers, and cell-based therapies. In addition to considering the
impact of this context on CRS and IRR definitions, the development of core principles
central to any definition of CRS (as opposed to a singular, rigid definition) should be
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considered. This approach would allow sufficient flexibility across contexts and as new data
emerges.
Next, survey responses indicated that while the ASTCT 2019 CRS severity grading scale is
most frequently used, other scales such as CTCAE and the Lee 2014 scales are also used for
severity grading. With the evolution of severity grading scales in mind, it will be necessary
to collect a core set of raw data elements for CRS events. This would enable retrospective
analyses and comparison between therapies developed at different points in time and for
which different severity scales were likely used. The collection of a core set of data elements
may necessitate a CRS-specific case report form, which, as survey results indicated, is a
practice already being implemented by most sponsors for the collection of elements such
as grade, associated signs/symptoms, onset, and resolution.
Lastly, survey responses indicated that the uniform collection of data elements will be critical
to enabling the mapping of CRS to different severity scales, comparison between drugs, and
the future pooling of information. Common data elements such as the timing of events, lab
findings, signs/symptoms, severity of events, and management of signs/symptoms should
be collected. In thinking through proposed core data elements, it will be important to extend
thinking past the current standard of care (SOC) and into the future of SOC for patients.
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Optimizing Dosing in Oncology
Drug Development
FRIENDS OF CANCER RESEARCH
ANNUAL MEETING 2021

Introduction: Current dosing paradigm
and ongoing challenges
Outside of oncology, most drugs are evaluated in
randomized dose-ranging trials that support a broader
understanding of the impact of different doses on
efficacy and toxicity. In oncology, dose-finding studies
are largely performed only in Phase 1 clinical trials and
intended to identify the maximum tolerated dose (MTD),
a dose initially developed for systemic chemotherapies.
This paradigm relies on the notion that an increased
dose leads to increased tumor suppression; therefore,
the MTD is selected based on safety aspects focused
primarily on tolerability.1,2 With the advent of new molecular
targeted agents (MTAs) and immunotherapies, oncology
drug dose-finding approaches should be revised. In
2013, Friends of Cancer Research (Friends) released an
issue brief on “Optimizing Dosing of Oncology Drugs”
outlining strategies for optimizing dosing in oncology drug
development while acknowledging key challenges and
considerations (Table 1). Many of the challenges still persist
in addition to nonoptimal approaches for dose selection.3
The continued focus on identifying and using the MTD
may be driven by a desire for speed and misconceptions
in the community. There is a notion that it is not worth
performing randomized dose-finding clinical trials
because they are too time consuming which may delay
drug development and keep life-changing therapies from

Objectives
Describe current
challenges to the
implementation of
dose-finding studies
in oncology
Discuss opportunities to
improve dosing strategies
given ongoing challenges
Set expectations for
dose-finding studies in
the oncology pre-market
setting
Identify key considerations for selecting
appropriate dose
optimization strategies
in oncology
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patients.Additionally, there is a misconception that a higher dose leads to higher efficacy
and patients often anticipate that cancer treatments come with side effects. However, newer
treatments like MTAs and immunotherapies often have target saturation limits below the
MTD suggesting drugs can be given at lower doses with similar efficacy and potentially fewer
side effects.
Friends convened stakeholders from industry, academia, the U.S. Food and Drug
Administration (FDA), and patient advocacy groups to discuss the opportunities for
optimizing dosing in oncology. This white paper highlights key findings from the discussions
and aims to provide recommendations that precipitate a paradigm shift in oncology drug
development to support adequate dose optimization studies. First, we provide strategies
for overcoming the challenges outlined above, then highlight expectations for dosefinding studies, and lastly suggest key considerations for improved study design. While
improved dosing methods and education are needed in the post-market setting, the
recommendations provide focus on the pre-market setting to improve clinical trial design.

Strategies to overcome perceived challenges associated with the
execution of appropriate oncology dose-finding studies
Perceived Challenge 1: Dose-finding studies are too time consuming and will prevent
patients from quickly getting the drugs they need.
Dose-finding studies are extremely important to understand the therapeutic window
of a drug and to ensure patients with cancer are optimally treated. These studies can
be completed efficiently, with appropriate planning. FDA expects that sponsors perform
dose-finding studies to evaluate exposure-response, efficacy, and safety and inform dose
selection for registrational trials.4
Performing dose-finding studies in the pre-market setting builds a comprehensive
foundation regarding the scientific reason for selecting a dose that not only provides
more optimal treatment for patients, but also supports more seamless updates to the
drug post approval. Applications for utilizing these data post approval include their use in
combinations, adjustments in frequency of administration (e.g., Q3W to Q6W), and changes
in the route of administration (e.g., intravenous to subcutaneous). Additionally, adequate
dose-finding trials pre-approval may prevent clinical holds, the need for additional studies
later in development, or post-marketing requirements if an inadequate dose is selected.
Moving ahead with an ill-optimized dose for the registrational trial can negatively impact the
ability to document the true benefit of the drug. Identifying a dose with improved tolerability
will lead to more patients missing fewer treatments due to toxicities while enabling them to
remain on a working treatment for longer. In addition to individuals staying on treatment
longer, a more appropriate dose may also provide an opportunity for additional patients
with poor performance status to gain access.
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To reduce potential delays in approval, discussions with FDA about dose-finding studies
ideally would occur as soon as possible in drug development, as early as in the pre-IND
setting. We have provided a list of questions to guide dosing discussions and strategies
for different phases of development in Table 2. In addition to an early milestone meeting,
sponsors could incorporate discussions about dosing in pre-IND meetings and consider
additional meeting settings to discuss dose optimization. During the 2021 Beyond
Breakthrough meeting hosted by Friends, a dosing snapshot was proposed for sponsors
to help facilitate the exchange of key considerations and supporting evidence for dosing
(Appendix 1).5
Perceived Challenge 2: Stakeholders believe that lower doses of drug are not as effective as
higher doses.
Many involved in decision making for cancer treatment are accustomed to the MTD
paradigm. They believe that higher drug doses will be more effective and fear that lower
doses will lead to a subtherapeutic or less efficacious treatment regimen. Sponsors are
encouraged to consider including an interim assessment and allowing intrapatient dose
escalation (e.g., if the primary endpoint is based on early changes in tumor size metrics)
into randomized trials of two or more doses to address the potential for underdosing. It
is paramount that patient informed consent documentation clearly communicates the
reasoning for various doses and explains that the lower dose was chosen based on data
and modeling which inform its activity in a clinical trial. In addition, incorporation into clinical
trials of tools to protect the patient interest, such as enabling treatment crossover or dose
modifications based on interim analyses, is important.
A key solution in updating the approach for dose-finding studies is through stakeholder
education. Concerns that lower doses lead to less efficacy can be mitigated through
educating patients and providers about the value of using a lower dose, when appropriate,
especially for MTAs. Sponsors should understand the utility of appropriate dose-finding
trials in the long-term to support further analysis of their products and ensure that the
greatest number of patients benefit from their product. An additional avenue of education
about dose-finding trial design is enhanced guidance from FDA and how the agency plans
to engage with sponsors in selecting the dose for oncology registrational trials.
Educating providers and patients about the outcomes from dose-finding studies could
also support an understanding of how lower doses do not necessarily always lead to lower
efficacy. Sponsors could be encouraged to publish the results from their dose-finding
studies, including certain aspects of the process and rationale for selecting the dose
used in the registrational trial. Clinical management guideline developers could consider
incorporating information about different doses, including dose reductions, that provides
data driven insights about the impact of different doses on safety and efficacy.
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Expectations for dose-finding study designs and methodology
The goal of dose-finding studies is to adequately characterize the exposure/safety
relationship as well as the exposure/activity relationship to select a dose that will be
brought into the registrational trial and ultimately used post approval.6,7 Establishment of
a therapeutic window based on activity and an acceptable level of toxicity, derived from a
characterization of pharmacokinetic (PK)/exposure and pharmacodynamic (PD) metrics is
integral. Dose-finding trials that effectively and efficiently evaluate at least two doses in a
randomized manner are increasingly important for dose selection.
Selecting PK and PD Metrics. Sponsors can use pre-clinical data to define target saturation
points and exposure to narrow the range of doses for further clinical evaluation. It is often
very helpful to identify biomarkers that translate from animal models or protein modeling
into the clinical trial design to characterize PK and PD metrics in addition to those used in
patient selection, if appropriate.
When biomarkers are assessed in patients, it is important that the biomarker is well defined.
The most appropriate biomarkers are blood-based or imaging biomarkers rather than
biopsies to estimate dose-response, especially given the American Society of Clinical
Oncology (ASCO) guidelines around such biopsy studies.8,9 Tumor biopsies are also
problematic because the sources of variability are rarely identified and may be influenced
by the time of sampling. Blood-based biomarkers can be easily assayed at multiple
timepoints but may be less informative than evidence of radiographic improvement.
Well-defined biomarkers can support an understanding of dose-response relationships
along with the totality of safety and activity data. Biomarkers that measure activity include
those that track the relationship between plasma exposure and change in tumor endpoints
such as Response Evaluation Criteria in Solid Tumors (RECIST) measurements. Analysis of
tumor dynamics (e.g., depth and duration of tumor change from baseline) as a function of
dose using a modeling approach can support an understanding of activity.10 It is important
to consider the nature of the disease when identifying biomarkers, as certain solid tumors
(e.g., lobular breast cancer) may not be measurable by RECIST and hematologic cancers
will have different measurements than solid tumors. Safety can be tracked through blood
biomarkers like neutrophil counts when applicable.
The Dose-Finding Trial Design. Ideally, the pre-registrational dose-finding study would
be randomized, compare at least two doses, and confirm the dose selected for the
registrational trial, which is the dose that maximizes benefit-risk by measuring efficacy
among a sizeable number of patients. The randomized dose-finding trials do not necessarily
need to be powered to conduct a rigorous statistical comparison across doses; however, it
is important that the trial is sufficiently sized to understand the general shape of the dose/
exposure-activity/toxicity relationships, including the minimally active dose. To save time
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but provide robust data for multiple doses, sponsors could consider pre-registrational trial
protocols that extend monitoring of patients after the registrational trial starts to allow for
the long-term characterization of patients treated with different doses.
Important considerations when choosing the doses for comparison in the pre-registrational
dose-finding study include selecting doses that are pharmacokinetically distinguishable and
do not have overlapping PK exposures (i.e., doses that are 2-3 fold apart). The lowest dose
is the minimal dose expected to provide activity based on PK/PD analyses, and the highest
dose (chosen within safety allowance) is selected to ascertain whether dose increases result
in increased activity with acceptable toxicity.
After the completion of the randomized dose-finding trial, data from this trial can be
analyzed to characterize the exposure-response relationships for activity and safety and
then integrate with the previous PK/PD analyses results to inform the final dose(s) for the
registrational trial. If there is a clear differential benefit with acceptable safety compared to
a lower dose, the higher dose can be selected for the registrational trial(s). If the efficacy
and safety are similar between the lower and higher doses, the lower dose can be selected
as the final dose for the registrational trials.

Key considerations for dose optimization strategies
The study design for determining the optimal dose will differ depending on the product,
the target population, and the data that are available. There are key considerations when
designing these studies (more details are included in Appendix 2):
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•

Therapeutic properties. Differences in the properties of drugs (e.g., small molecule vs.
large molecule, agonist vs. antagonist) influence the way drugs interact with the body in
terms of safety and efficacy. The selection of the initial doses for the dose-finding studies
as well as methods for determining which dose to move into registrational trials are
influenced by the therapeutic properties.

•

Patient populations. There is heterogeneity in patient populations based on tumor type,
disease stage, and comorbidities. Especially in the context of expanded clinical trial
populations, an understanding of how various factors influence the efficacy of the drug
may provide justification for adjusting the dose accordingly.

•

Supplemental vs. original approval. The differences in disease characteristics and
patient populations between tumor types and treatment settings (e.g., monotherapy vs.
combination therapy) are important to consider in determining whether any additional
dose exploration is necessary for a supplemental application. In instances where further
dose exploration may be needed, the study design can incorporate prior understanding
of exposure-response from the original approval.
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Conclusions and future directions
In conclusion, randomized studies that formally evaluate at least two doses to support
dosing decisions are increasingly important in oncology rather than using MTD as the
default approach. These studies will improve care in oncology by decreasing toxicities while
maintaining efficacy and ultimately allow for more patients to benefit from treatments
for a longer period of time. The findings in this white paper provide considerations and
expectations for dose-finding studies that offer opportunities for improved patient care.
In the short-term, continued education will support a realization of the value of these studies
in the pre-market setting. Patients and providers should understand that treatment with
higher doses of oncology therapies is not always better and may, in fact, lead to increased
side effects without the added benefit of higher activity. Sponsors should recognize the longterm benefits of these trials and appreciate that FDA has established the expectation to
incorporate dose-finding studies in the drug development paradigm sooner.
To complement this, FDA has encouraged sponsors to discuss their dose-finding trial design
early in clinical development, as supported by available clinical pharmacology data. FDA’s
focus has shifted over the past few years to encourage companies to have conversations
about their drug development pipeline earlier in development. Additionally, an appreciation
for cross-disciplinary discussions has led to an increase in interdisciplinary interactions to
address dosing considerations early on. Sponsors should conduct pre-clinical research that
supports a basic understanding of pharmacology based on suggestions from MAPPs and
guidance documents. After performing pre-clinical work and establishing necessary data,
sponsors should engage FDA to refine and build the dose-finding trial. The use of a dosing
snapshot (Appendix 1) would likely support more targeted discussions.
How the data from dose-randomized trials are included in drug labels require further
discussion among stakeholders (FDA, industry, patients, providers). There may be an
opportunity to include data in labeling that may help patients and providers understand the
range of efficacy and toxicity as it relates to dose. It may also be helpful to expand on what
is included about different doses for different patient populations such as those with altered
organ function or pharmacogenetics.
The overarching goal is that dose-finding studies will be a part of standard oncology drug
development in the pre-market setting to allow delivery of efficacious and tolerable doses to
patients at initial marketing approval of a new drug. Meetings held with sponsors on dose-finding
and dose selection as early as possible in development provides an opportunity for the agency to
convey their expectations sooner, potentially leading to more efficient studies. Communication of
data from dose-ranging trials in drug labels or publications can support shared decision making
between patients and providers about dosing choices. Also, rather than patients and providers
expecting debilitating side effects, side effects would be regarded as possible but not inevitable.
Ultimately, updating dosing regimens should allow patients to be on drugs providing benefit with
fewer toxicities for longer and miss fewer treatments due to toxicities.
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Table 1: Findings from Friends’ 2013 White Paper
“Optimizing Dosing of Oncology Drugs”
Proposal

Suggestion

Path for study

Necessary data
elements
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1.

Phase 1 trials should include adequate PK sampling to enable a
clear determination of the PK properties of the drug and preliminary
characterization of dose-exposure relationships. When feasible and
appropriate, PD endpoints should be incorporated to determine the
drug exposure that results in inhibition of the drug target.

2.

Phase 2 trials should go beyond assessment of drug activity and
could include adaptive designs and/or randomized exploration of
doses. Continued, sparse PK sampling should be included to gain a
sense of relationships between exposure and clinical outcomes. If
possible, measurements of PD endpoints should also be continued.

3.

Phase 3 trials should incorporate population PK sampling to further
evaluate the relationship between covariates influencing exposure
and key clinical outcomes.

4.

When subjective toxicities are identified in phase 1 trials, patientreported outcomes (PROs) should be assessed using validated
tools if available in phase 2 and phase 3 trials and could be used to
guide dose optimization.

5.

The PK and PRO dataset collected in phases 1-3 could be used to
develop an approach to therapeutic drug monitoring in the postmarket setting. This will enable the dose for an individual patient
to be adjusted as needed based on observed drug exposure,
treatment tolerance and clinical status.

1.

Sponsors should collect PK and exposure data in oncology phase
2 and 3 clinical trials to estimate a therapeutic index for a defined
patient population. Randomized dose comparison studies should
be included in phase 2 studies and exposure-response analyses
should be performed to better inform the selection of dose for
phase 3 registrational trials.

2.

PROs should also be collected to understand the patient experience
more fully with a drug. PROs can be informative not only of the sideeffects of a drug, but also of any beneficial effects a drug may have
on symptoms of the cancer itself.

How to integrate
data elements

In the proposed approach, the collection of exposure data and data
regarding tolerability across a range of doses could enable the definition
of a threshold exposure needed for anti-tumor effect as well as the
determination of a peak exposure that correlates with excess toxicity.
Collection of drug exposure and tolerability data, as well as ongoing
evaluation of adverse events and dose modifications, from patients in
real-world settings may be useful for post-market evidence generation.

Optimal timing of
dose comparison
studies

Ideally, randomized dose comparison studies and exposure-response
analyses would be performed in the pre-market setting.
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Table 2: Dosing Questions by Stage of Drug Development
Key Questions
Pre-clinical

• What is the best model to identify the initial dose?
• Is there established pharmacological and a dose-pharmacology
relationship evidence?
• Which biomarkers should be evaluated in the clinical trials to
monitor safety? To monitor activity?
• What enzymes metabolize the drug? How do polymorphic
enzymes influence trial design?
• For oral drugs, what is the Biopharmaceutical Classification
System (BCS) classification of the drug?

Early phase trial

• How do the PK and PD characteristics justify the dosing interval?
• Are there any intrinsic or extrinsic factors that would influence
PK?
• What is the degree of PK variability, considering both
interindividual and intraindividual variability?
• Are there any drug interactions that need to be evaluated?
• For oral drugs, should the drug be administered with food?
• For oral drugs, is there a better time of day to administer (AM
vs. PM)?

Prior to conducting
trial intended for drug
approval*

• What is the relationship between dose/exposure and activity?
• What is the relationship between dose/exposure and toxicity?
• Are there concerns for chronic or delayed toxicities and have
these been considered when evaluating dose/exposuretoxicity?
• Is the dose schedule justified based on the Kinetics-PK-PD or
modeling approaches?
• Is the dosing regimen justified based on dose/exposureresponse relationships and other relevant data?

Registrational Trials*

• Does the dosing regimen continue to demonstrate acceptable
benefit-risk?

Post-market

• Are there unexpected toxicities which necessitate a re-evaluation
of the dosing regimen?
• Are there opportunities to optimize the dosing regimen for
convenience (e.g., extended dosing interval, new route of
administration, etc.)?

*For products with expedited development (for example: Breakthrough Therapy-designated products) these two
phases could potentially be combined

131

References
1.

Rogatko A, Babb J, Tighiouart M et al. New Paradigm in Dose-Finding Trials: PatientSpecific Dosing and Beyond Phase I. Clinical Cancer Research 2005;11:5342–5346.

2.

Mathijssen R, Sparreboom A, Verweij J. Determining the Optimal Dose in the Development
of Anticancer Agents. Nature Reviews Clinical Oncology 2014;11:272–281.

3.

Minasian L, Rosen O, Auclair D et al. Optimizing Dosing of Oncology Drugs. Clinical
Pharmacology and Therapeutics 2014;96:572–579.

4. Shah M, Rahman A, Theoret MR, Pazdur R. The Drug-Dosing Conundrum in Oncology —
When Less Is More. The New England Journal of Medicine 2021;385:1445–1447.
5. Friends of Cancer Research. Beyond Breakthrough: Optimizing the Breakthrough Therapy
Designation. 2021. Available at: https://friendsofcancerresearch.org/sites/default/
files/2021-09/Beyond-Breakthrough-Optimizing-the-BTD-Draft.pdf
6. Ratain MJ. Redefining the Primary Objective of Phase I Oncology Trials. Nature Reviews
Clinical Oncology 2014;11:503–504.
7.

Ratain MJ, Tannock IF, Lichter AS. Dose Optimization of Sotorasib: Is the US Food and Drug
Administration Sending a Message? Journal of Clinical Oncology 2021;39:3423–3426.

8. Sweis RF, Drazer MW, Ratain MJ. Analysis of Impact of Post-Treatment Biopsies in Phase I
Clinical Trials. Journal of Clinical Oncology 2016;34:369–374.
9. Levit LA, Peppercorn JM, Tam AL et al. Ethical Framework for Including Research Biopsies
in Oncology Clinical Trials: American Society of Clinical Oncology Research Statement.
2019;37:2368–2377.
10. Bruno R, Mercier F, Claret L. Evaluation of Tumor Size Response Metrics to Predict Survival in
Oncology Clinical Trials. Clinical Pharmacology & Therapeutics 2014;95:386–393.
11. Mandrekar S, Cui Y, Sargent D. An Adaptive Phase I Design for Identifying a Biologically
Optimal Dose for Dual Agent Drug Combinations. Statistics in Medicine 2007;26:2317–2330.
12. Re M del, Omarini C, Diodati L et al. Drug-Drug Interactions Between Palbociclib and Proton
Pump Inhibitors May Significantly Affect Clinical Outcome of Metastatic Breast Cancer
Patients. ESMO Open 2021;6:100231.

132

friends

of

cancer

research

Appendix 1: Drug Development Snapshot Template—Clinical
Pharmacology (Dose & Administration) Snapshot.

Key Area of
Consideration

Supporting Evidence

• What is the current dose(s), schedule(s) and route of administration
that are currently being evaluated in clinical trials? Has the RP2D been
Recommended dose,
selected? If the RP2D has not been selected, what key questions are
schedule, and route
outstanding?
of administration
• When do you anticipate that a R2PD will be selected?
• Are other routes of administration being investigated?
Mechanism of action • Is the therapeutic a small or large molecule? Another platform? What is
This
table was first presented in Friends of Cancer Research white paper “Beyond
the MOA?
(MOA) and format
Breakthrough: Optimizing the Breakthrough Therapy Designation.”5
• Is there established pharmacological evidence (e.g., target engagement,

MOA,describes
outcome-based
biomarkers,
tumorfor
volume)
in the relevant
prePlease note: The table below
the supportive
evidence
the proposed
dose and
clinical
species?
schedule. The target length
of the
completed snapshot would be 2-5 pages.
Translational
evidence

• Is the dose-PK relationship established in the non-clinical species (i.e., is
the PK dose proportional)?
• Are the pharmacological/efficacious target concentrations for patients
defined?
•

Is the dose/exposure-response (i.e., biomarkers, tumor size, etc.)
relationship identified from the in vitro cellular systems or the in vivo
animal models?

Clinical Evidence
• List of ongoing and completed studies (i.e., single agent and/or
combination studies, indication, etc.)
Clinical studies

• Brief description of study design including patient population/cancer
type(s) under study, line of therapy, and doses and schedules evaluated,
sample size. For example, the following elements can be considered:
• Dose escalation, expansion cohorts with or without randomization
• Single arm randomization (i.e., dose and/or control); adaptive
design
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• Is the dose-PK relationship well established (i.e., is the PK dose
proportional)?
• Do the PK characteristics (accumulation, half-life) justify the dosing
interval?
PK characteristics

• Are there any intrinsic or extrinsic factors (e.g., food, body weight,
immunogenicity) that would majorly influence PK (i.e., if these warrant
dose adjustments in a subset of patients)?
• Was the PK variability considered when selecting a dose that would
achieve target exposure for most patients?
• Is the dose-PK relationship well established (i.e., is the PK dose
proportional)?
• Summary of frequencies of key AEs (including chronic low grade AEs,
which can affect tolerability) of interest by dose
• Is there a dose/exposure-safety or PK-PD relationship, upon the
adjustment of potential covariates, for safety? If yes, what is the nature
of the relationship?
• Summary of dose interruptions, reductions, and discontinuations by
dose/exposures
• Is there an increased frequency of dose interruptions or reductions or
treatment discontinuations with increasing doses/exposures?
• Are there any late occurrence toxicities beyond the DLT period? Are there
early PD biomarkers reflective of the delayed safety endpoints?

Safety summary

• Are there any overlapping toxicities with the concomitant medications in
the patient population (e.g., treatment combinations for NME with SOC
and/or treatments for comorbidities/cancer-related symptoms)?
• Is there an increased frequency of dose interruptions, reductions, or
treatment discontinuations with increasing doses/exposures?
• If acute/transient toxicities were observed, were alternative dosing
approaches considered (e.g., step-up dosing)?
• Do existing data indicate this is a narrow therapeutic window drug
with dose limiting toxicity that is monitorable (e.g., biomarkers, BP, HR,
neuropathy)?
• If yes, does this drug provide an opportunity to personalize the dose
for an individual patient or a sub-population based on the emerging
monitorable toxicity?
• If yes, does this drug provide an opportunity to personalize the dose
for an individual patient or a sub-population based on the emerging
monitorable toxicity?
• Summary of response endpoints by dose (e.g., ORR, PFS)

Efficacy summary

• Is there a dose/exposure – efficacy (primary efficacy endpoint) and
PK-PD (e.g., mechanism of action/predictive biomarkers) relationship
upon the adjustment of potential confounders? If yes, what is the nature
of the relationship?
• Is the dose schedule (e.g., frequency, dose holidays) justified based on
the K/PK-PD and/or QSP modeling approaches?
• Are the relevant exposure metrics for efficacy identified (e.g., AUC, Cmax,
Cmin, concentration-time, RO)?
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• Are there any manufacturing considerations (e.g., pill burden, maximal
feasible dose, etc.) that need to be considered?
Other considerations

• Are there any patient factors that need to be considered (e.g., patient
convenience/compliance [QD, BID, TID), QW vs Q3W, SC vs IV)?
• Complimentary M&S approaches (i.e., PK-TGI/QSP/ML, etc.) for dose
optimization and/or inform dose adjustments

Additional Clinical Evidence
Planned clinical
studies
Other evidence

• Are there additional planned clinical studies that will contribute data to
the current D&A plan/rationale or future D&A proposals?
• Does additional scientific evidence exist (e.g., from similar class, MOA,
or indication) that may support the current D&A plan/rationale (e.g.,
publications, scientific presentations)?

Abbreviations: AEs=adverse events; AUC=area under the curve; BP=blood pressure;
Cmax=maximum ‘peak’ concentration; Cmin=minimum ‘trough’ concentration; D&A=dose &
administration; DLT=dose-limiting toxicity; HR=heart rate; K=kinetic; MOA=mechanism of action;
NME=new molecular entity; ORR=overall response rate; PD=pharmacodynamic; PFS=progressionfree survival; PK=pharmacokinetic; QSP=quantitative systems pharmacology; RO=receptor
occupancy; SOC=standard of care

Appendix 2: Expanded Key Considerations for Dose-Finding Studies
Therapeutic properties. Differences in the chemical structure of drugs influences the way
it interacts with the body in terms of safety and efficacy. The selection of the initial doses
for the dose-finding studies as well as methods for determining which dose to move into
registrational trials are influenced by the therapeutic properties.
•

•

•

•

Large molecules. Antibodies have the potential for demonstrating false positive exposure/
response relationships with single-dose data due to the impact of confounding factors such
as patient health status (i.e., cachexia) on survival. Ascertaining the Target-Mediated Drug
Disposition (TMDD) during the dose escalation stage is important as it provides information
about target expression and target turnover.
Antagonists. For antagonist monoclonal antibodies, consider a dose that attains target
engagement (TE) of >90% in systemic circulation and in tumors (where required).
Assess data on target saturation in tumor, which can be informed by approaches like
physiologically-based pharmacokinetic (PBPK) models.
Agonists. Unlike antagonist monoclonal antibodies, a high level of receptor occupancy may
not be necessary for agonists to elicit a maximum pharmacological effect. PK/PD analysis
on biomarker data can help in determining the level of receptor occupancy needed for
therapeutic effect.
Non-traditional therapies. Specific consideration may be required for antibody drug
conjugates (ADCs), bispecific antibodies, and cell therapies. ADCs have relatively narrow
therapeutic indices and require optimization of both dose and dosing frequency to reduce
toxicity. For bispecific antibodies, it may become challenging to optimize target engagement
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•

•

for two targets. Efficacy and on-target toxicity of bispecific antibodies may be driven by
trimer formation (ternary complex) between bispecific antibody, T cell, and tumor cell.
These ternary complexes usually have a bell-shaped exposure-response relationship, and
it is important to determine optimal concentrations of bispecific antibodies that maximize
formation of trimer formation for maximal pharmacological activity. For cell therapies,
cellular kinetics models are used to describe the relationship between the number of cells
infused and expansion of modified T-cells in vivo. The understanding of cell kinetics along
with measurable PD response informs the selection of dose of cell therapy.
Combination regimens. In combination trials, the dose of each drug in the combination is
often based on the MTD of each drug, rather than considering their additive toxicities and
efficacies.11 Doses should be selected based on maximum pharmacology (and not MTD) with
special consideration when treatments have overlapping toxicities.
Drug-drug interactions. Specific consideration may be required based on drug-drug
interactions and effect of renal and hepatic impairment on PK. Sometimes drugs depend
on pH for solubility so differences in body chemistry or use of proton pump inhibitors may
impact efficacy.12

Patient populations. There is heterogeneity in patient populations based on tumor type, disease
stage, and comorbidities. Especially in the context of expanded clinical trial populations, an
understanding of how various factors influence the efficacy of the drug may provide justification
for adjusting the dose accordingly.
•

•

•

•

•

•
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Small molecules. Drugs that are taken orally may have different bioavailability in a fed
versus fasted states. If there is a food effect, then those prandial conditions that reduce
bioavailability should be avoided (since that often increases GI toxicity).
Heavy pre-treatment. Patients in Phase 1 dosing trials tend to be heavily pre-treated and
have strict inclusion/exclusion criteria, which often differs from the average patient who will
use the drug in registrational trials or in the real world and thus may impact metabolism or
tolerability of the drug.
Altered organ function. Some patients with cancer have altered end-organ function
either due to their disease or previous treatments. Others may have differences
in pharmacogenetics, specifically genetic polymorphisms in drug transporters or
metabolizing enzymes which may ultimately impact drug clearance.
Changes in tolerability. Some patients have changes in tolerability over time. Dosing
efficacy may be impacted by age and bodyweight. Clearance may also change over time,
particularly for monoclonal antibodies.
Tumor stage. Clearance of monoclonal antibodies may be different between patients with
metastatic disease and without metastatic disease. The latter patients will have lower
clearance, and thus a lower dose may be effective than for patients with advanced disease.
Long-term treatment. In the metastatic setting, patients can be treated regularly for
years, so identifying the optimal dosing regimen is important since longer term safety
is an issue. Special consideration should be taken for chronic treatment use to avoid
buildup of toxicities.
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Timely access to therapies that treat serious illnesses is critical for patients, particularly for those with rare or serious
disease types that have no current treatments. Congress and
the Food and Drug Administration (FDA) have addressed
this by periodically establishing programs designed to expedite different steps associated with the development and
review of drugs and biologics. Over time, these efforts have
been effective in getting new treatments to patients faster
than traditional approval processes [1]. Here, we present an
analysis of original therapeutic oncology agents approved
between January 1, 2013, and September 4, 2020, to understand how expedited programs are utilized in oncology, a
disease area where these pathways have been utilized the
most.
We analyzed development timelines using publicly available FDA review documents through the online database
Drugs@FDA. We compiled Investigational New Drug
(IND) Application submission dates, New Drug Application (NDA) and Biologics Licensing Application (BLA)
receipt dates, approval dates, and noted use of Fast Track,
Breakthrough Therapy Designation, Priority Review, and
Accelerated Approval. During this 7.5-year period, the
FDA approved 98 original oncology treatments [2]. To
gain a comprehensive view of how expedited programs
are utilized, we examined a time period during which all
pathways were active, beginning in 2013 when the most
recently established pathway, Breakthrough Therapy Designation, became available for use. We note that the number of
oncology drug approvals over the past 4 years (2017–2020
| n = 61) increased 65% compared to the 4 years before that
(2013–2016 | n = 37). The two most used pathways were
Priority Review (86%, n = 84) and Breakthrough Therapy
* Mark Stewart
mstewart@focr.org
1
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2
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Designation (54%, n = 52), and 92% (n = 90) of all approvals
used at least one expedited pathway (Table 1). Our analysis
shows expedited pathways were rarely used alone. 76% of
expedited approvals were approved using a combination of
two or more expedited pathways (Fig. 1).
When comparing the median development time (IND
submission to NDA/BLA submission) of novel agents using
expedited programs (2013–2020 | n = 90) to novel approvals that used traditional approaches (2013–2020 | n = 8), we
found the use of expedited programs reduced the median
development time by 3.4 years and shortened median review
time by 4 months (Fig. 2). For approvals that used only one
expedited program (n = 16), the median time to development
was 9.62 years, compared to 5.76 years for those approved
using two or more expedited approaches (n = 74).
By evaluating the processes associated with these programs based on the wealth of experience gained over the
past decade in oncology, insights into their effectiveness and
opportunities for improvement emerge. The shifting utilization and utility of these pathways must be considered in the
context of current scientific capabilities and cutting-edge
drug development procedures. While Priority Review has
consistently been used since 2013, the percent of approvals
using Fast Track significantly decreased overtime. More than
half of expedited approvals in our analysis used a combination of expedited programs as opposed to one alone. For
example, of the 52 drugs that used Breakthrough Therapy
Designation and Priority Review, 19 used Fast Track, and
34 used Accelerated Approval. While there are overlapping
benefits when using these programs in combination, there
are also duplicative application and administrative processes for those with similar requirements. Despite these
redundancies, sponsors continue to use programs in combination. To ensure optimal use of all programs—alone or
in combination—FDA’s resources must be allocated most
efficiently and developers’ processes optimized. To that
end, it may be worth creating a more streamlined process to
avoid redundancy in the administrative processes associated
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Table 1 Utilization of expedited programs by year for oncology drug approvals
Year of approval (n = # of approvals)
2013 (n = 8) 2014 (n = 8) 2015 (n = 16) 2016 (n = 5) 2017 (n = 16) 2018 (n = 17) 2019 (n = 10)
Fast Track
Breakthrough Therapy Designation
Priority Review
Accelerated Approval

2020 (n = 18)

7 (87.5%)
2 (25.0%)

4 (50.0%)
5 (62.5%)

7 (43.8%)
5 (31.3%)

2 (40.0%)
5 (100.0%)

7 (43.8%)
12 (75.0%)

7 (41.2%)
6 (35.3%)

3 (30.0%)
6 (60.0%)

6 (33.3%)
11 (61.1%)

6 (75.0%)
2 (25.0%)

8 (100.0%)
7 (87.5%)

12 (75.0%)
5 (31.3%)

5 (100.0%)
4 (80.0%)

14 (87.5%)
6 (37.5%)

15 (88.2%)
3 (17.6%)

9 (90.0%)
7 (70.0%)

15 (83.3%)
10 (55.6%)

Percentages total greater than 100% because multiple expedited programs can be used for a single drug. Expedited pathways were established
overtime to reflect the evolving and modernizing landscape of regulatory science. Priority Review and Accelerated Approval were established in
1992, Fast Track in 1997, and, most recently, Breakthrough Therapy Designation in 2012

Fig. 1 Utilization of expedited programs alone or in combination for oncology drugs. Expedited programs are rarely used in isolation and are
often combined with one or more other expedited programs

138

Fig. 2 Median years to approval for oncology drugs utilizing expedited programs versus the traditional approval pathway. Use of
expedited programs shortened median time to approval for qualify-

ing drugs (Expedited Development = 6.58 years) compared to drugs
that do not qualify for an expedited program (Traditional Pathway = 10 years)

with pathways frequently used together. A more streamlined
process would maximize resources and time for both FDA
and Sponsors to continue driving innovation and prioritize
development of promising drugs.
In summary, expedited mechanisms effectively facilitate development and review processes and shorten time
to approval for original therapeutic approvals in oncology.
They collectively help provide effective new treatments to
patients faster than the traditional approval processes. Many
of these new therapies have since demonstrated long term
population-level benefits, such as a significant reduction in
overall lung cancer mortality [3]. A delay for these therapies
would result in a lag in such benefits for potentially thousands of patients. The frequent use of expedited programs
in oncology provides a wealth of experience and learning

which can be applied to optimize the use of expedited programs in other serious disease spaces where there are few or
no available treatments.
To ensure the benefit of these pathways evolves to reflect
current science and technological capabilities, it is essential
that FDA has adequate resources to optimize these expedited
programs. As steps for the seventh reauthorization of the
Prescription Drug User Fee Act begin, there is an opportunity to modernize approaches to reflect the current state
of drug development and regulation. A periodic review of
these programs will allow planning for future capacity and
ensure processes associated with their use are optimized. In
an era where we will likely see an expansion of emerging
new therapies [4, 5] aimed at treating serious and life-threatening diseases, it is critical to ensure expedited programs
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continue to facilitate the science, provide appropriate access
for patients, and are sustainable.
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Beyond Breakthrough:
Optimizing the Breakthrough
Therapy Designation
Introduction:
Advances in our understanding of disease processes,
genetics, manufacturing technologies, and innovative clinical trial design have enabled the development of novel
therapeutic agents for the treatment of patients with cancer. In oncology, the ability to target a novel agent against
a driver oncogene or protective immune checkpoint has
led to several therapeutic breakthroughs in diseases with
limited or no systemic treatment options. These breakthroughs have established new classes of therapeutics
leading to, in some instances, unprecedented improvements in clinical outcomes for patients with cancer.
Regulatory review processes are time and resource intensive for drug sponsors and the United States Food and
Drug Administration (FDA). The FDA leverages several
tools to safely and efficiently facilitate development and
review of agents intended for treatment of patients with
life-threatening conditions without compromising the rigorous standards established for their approval.
Breakthrough Therapy Designation (BTD) facilitates the
efficient development of both drugs and biologics (hereafter referred to as “drugs”) intended to treat serious or
life-threatening illnesses for which there is preliminary clinical evidence demonstrating that the investigational therapy may offer substantial improvement on a clinically significant endpoint(s) over available therapies.1 BTD provides
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Objectives
Characterize the
rate-limiting steps and
challenges encountered throughout the
development of oncology products with
Breakthrough Therapy
Designation (BTD).
Propose recommendations that address
commonly encountered
challenges and identify
best practices to ensure
development programs
maximize the benefits
of BTD.
Delineate key topics
and optimal timing for
interactions with the
FDA when requesting
BTD (pre-BTD) and
after receiving BTD
(post-BTD).
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sponsors with early opportunities for FDA interaction and enhanced guidance, including
proactive organizational commitment and coordination involving senior FDA managers and
experienced regulatory project management staff. Additionally, BTD often offers a pathway
to eligibility for rolling or priority review.2
Since 2012, the number of BTD requests each year has increased. To date, the FDA has
received over one thousand requests for BTD and granted more than four hundred requests.3
Both FDA and commercial sponsors prioritize internal resources to help ensure that the most
promising products receive BTD and undergo clinical development as efficiently as possible
without compromising safety, efficacy, or quality. As a result of this work, BTD has facilitated timely development and approval of 205 products, 61% of which are oncology products.
The program has been particularly successful in getting safe and effective novel treatments
approved for patients with cancer, particularly new treatments that have not been previously approved for other indications. It is estimated that BTD has shortened the time from IND
submission to approval for 60 original applications (not previously approved) for oncology
products by a median of 2.3 years compared to oncology products without BTD.4
Historically, much of the focus on BTD has been on the qualifying criteria and processes leading to
receipt of BTD; however, given the breadth of experience with BTD in oncology over the past eight
years, stakeholders now have the opportunity to identify pressure points and best practices to help
optimize its implementation in order to better support efficient, successful development of new
safe and effective cancer treatments. To this end, Friends of Cancer Research (Friends) convened
a multistakeholder working group to conduct a landscape analysis to identify opportunities for
improved implementation of the BTD program in oncology. This effort focused on evaluation of the
successful use of the BTD program and challenges associated with optimal use of BTD in oncology
in order to help inform strategies for sustaining its impact on drug development.
Friends conducted a survey soliciting input from over 20 commercial sponsors that varied in
company size and the range of experiences in terms of number of therapies that have received
BTD and approved therapies with BTD to identify challenges and formulate recommendations
for optimizing the use of BTD. All sponsors noted the positive impact of BTD in oncology drug
development. Several key areas with the potential to further optimize use of BTD emerged.
1.

Clarify expectations for necessary evidence to receive BTD: Sponsors may find it challenging to anticipate when and what to submit with preliminary and formal BTD requests. There
is also a need for additional clarity about the types and quantity of evidence needed to
support BTD, particularly with respect to early preliminary clinical evidence in oncology.

2. Enhance communication between sponsors and FDA: The opportunity for enhanced
interactions with FDA provided by BTD support proactive identification and resolution of
issues; however, at certain stages of development, such as pre-BTD or between milestone meetings, there may be additional opportunities to streamline clinical development through sponsor-FDA interaction.
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3. Support inter-disciplinary coordination and improve transparency: In oncology, many drug
development programs are increasingly complex and require close coordination between
multiple disciplines, and often between Offices and Centers at the FDA (e.g., applications with
BTD involving complimentary or companion diagnostics, employing a novel platform or endpoint, targeting rare diseases, and/or incorporating innovative trial designs). Additional guidance on how best to strengthen coordination between Centers, when relevant, at the time of
BTD may be beneficial to ensure complexity does not lead to delays.
4. Provide additional support to address rate-limiting steps in drug development: BTD
facilitates both clinical and CMC aspects of development; however, challenges can
occur during drug development, particularly for novel or innovative technology platforms. CMC development issues can be the rate-limiting step in drug development and
approval, and flexibility and timely interactions between FDA and sponsors can be crucial
to identify and resolve these issues to mitigate delays. Dose selection and justification
is also an important component of drug development and can be a challenge with an
expedited drug development timeline.
After conducting the survey, Friends convened multiple focus groups with key stakeholders,
including the FDA, to identify potential practical solutions in these key areas to support optimal
use of BTD. A summary of the outcomes of these focus group discussions is provided below.
Opportunity 1. Optimize the timing of BTD and improve communication on expectations for
data necessary to receive and maintain BTD.
Provide additional clarity regarding the criteria for BTD to optimize the timing for submission of a BTD request.
BTD has the most potential to positively impact development of drugs that have not previously received FDA approval for another indication because it confers opportunities for
enhanced interactions between sponsors and a multidisciplinary FDA team including senior
FDA staff. These interactions can help address critical aspects of drug development such as
dose optimization and manufacturing, which can be rate-limiting. Similarly, the timing of BTD
is critical; for example, when BTD is granted based on top-level results of a pivotal trial that
will provide the primary evidence to support a marketing application, there may be limited
potential for enhanced interactions to result in meaningful improvements to drug development, as opposed to when BTD is granted prior to initiation of a registrational trial.
It is important for sponsors to apply for BTD at a time when there is sufficient data to meet
the qualifying criteria for BTD but early enough to fully leverage the enhanced interactions provided by BTD ideally no later than the time of completion of Phase 2 development.
Among sponsors, there can be uncertainty regarding the level of clinical evidence required
to meet the qualifying criteria for BTD. Routine use of preliminary BTD advice teleconferences to discuss eligibility of requests for BTD and gain a better understanding regarding the
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appropriate timeline and data package necessary to support a BTD request facilitates timely
submission and review of BTD applications. Inclusion of additional annotation in the preliminary BTD teleconference template to describe the type and scope of preliminary evidence
that are generally needed to support a BTD request submission for an oncology product
could help facilitate preparation of documents and meaningful preliminary BTD teleconference discussions, while also reducing the number of preliminary BTD teleconferences that
clearly lack sufficient data. An oncology-specific guidance describing general guidelines for
preparing for a preliminary BTD discussion, content of a BTD request submission, and efficacy considerations for meeting the criteria for BTD may be beneficial.
Clarify procedures and decision-making regarding withdrawing or rescinding BTD and better
understand its downstream impact on development/approval to support integrity of the program.
If a program no longer qualifies for BTD, the sponsor can voluntarily withdraw their BTD, or
FDA can rescind it. It is sometimes unclear what the timepoints are for re-evaluating the status of BTD or common reasons for withdrawal. Transparent communication regarding the
considerations and procedures used by FDA to evaluate whether BTD should be rescinded or
withdrawn could ensure a designation is robust and fair. There are context-dependent considerations, such as the timing of the receipt of BTD, stage of development of the program
when BTD is withdrawn, and the status of other available therapies, which may impact the
public messaging by a BTD sponsor around why withdrawal occurred. Prior to the voluntary
withdrawal or rescinding of BTD, the sponsor and the FDA could engage in discussions surrounding the rationale for a planned withdrawal or rescinding of BTD and the implications
of these actions on the drug development program. Sponsors may also benefit from an
explanation of how withdrawal impacts a program’s ability to participate in other Oncology
Center for Excellence (OCE) pilots (e.g., Real Time Oncology Review, Project Orbis).
Opportunity 2. Improve mechanisms to enable meaningful discussions between FDA and
sponsors that clearly align with key decision points.
Ensure productive and timely discussions between the FDA and sponsor.
It is beneficial to have post-BTD discussions as early as possible so the drug development
program can take full advantage of BTD’s enhanced opportunities for interaction and advice.
Ideally, sponsors should prepare for and request the comprehensive post-BTD multidisciplinary
meeting so that it occurs in a timely fashion (within the first six months of receiving BTD).5 In
this meeting, the sponsor may propose a high-level communication plan and estimated timeline for future interactions aimed at accelerating development of their BTD drug.
Meetings following the comprehensive post-BTD multidisciplinary meeting could be focused to
align on the specific needs of a drug development program at each stage of development. The
benefit of collaborative discussions with the FDA and sponsors may be more fully realized when
questions are focused on a single discrete issue. This could also shorten the lead time for the
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meeting and reduce the burden on both the FDA and the sponsor to prepare for the meeting. If
questions arise between formal meetings, meeting requests targeted to address specific topics
could be considered. Proposed PDUFA VII goals include a proposed Type D meeting that would
be suitable to address a narrow set of issues6 which will be further described in a revised draft
of the draft guidance entitled “Formal Meetings Between the FDA and Sponsors or Applicants of
PDUFA Products.” Specifically, Type D meetings are intended to address a follow up issue after
a formal meeting, a narrow issue the sponsor would like FDA input on that requires input from
no more than 3 disciplines, or a general question that does not require detailed advice. During
focus group discussions, participants suggested topics such as CMC/product quality-related hurdles, trial design-related issues, and timing of dose optimization studies for meetings
like Type D meetings. Timelines for drug development may need to be coordinated when the
program is expedited, and key questions that may be rate-limiting may not necessarily arise
in alignment with the timing of traditional milestone meetings for aspects such as CMC and
clinical considerations. The development of a mechanism to update FDA on key components
of drug development could help both sponsors and the FDA identify when meetings might be
valuable to head off potential rate-limiting obstacles to oncology drug development.
Provide additional clarity to ensure a better understanding of which types of meetings are
optimal for specific aspects of drug development for products with BTD.
Formal meetings such as Type B meetings are generally held within 60 days of their request
(70 days for end-of-phase meetings) and require extensive preparation on the part of sponsors and FDA staff. As such, these meetings may not always be amenable to post-BTD drug
development timeframes, therefore additional meeting strategies are likely to be helpful for
BTD product development. Table 1 outlines available and proposed meeting types to support development of drugs with BTD. Strategies to formally integrate and operationalize issue
specific meetings for products with BTD could be informed through pilot projects such as
the Complex Innovative Trial Design Pilot Meeting Program (CID) and Model-Informed Drug
Development (MIDD) Pilot Program. Given the fast pace of development post-BTD, decisions
are made decisively and quickly, and timely interactions are extremely important.
In addition to timely discussions, external stakeholders expressed that it may help to have
enhanced interactions and feedback from the FDA. Proactive and thoughtful interactions
support expedited development and review of products with BTD. Optimizing meeting structure and approach could enable discussions between FDA and sponsors to occur more
frequently, help address issues earlier in development, and provide opportunities for proactive planning of manufacturing and testing strategies and clinical development relative to
traditional drug development approaches. It may be important to promote timely dialogue
between the sponsors and FDA review divisions to enable proactive management of potential issues, which could become major issues either for submission or review of the premarket application. Additionally, the development of guidance that outlines best practices or
novel approaches for avoiding commonly encountered issues may be of value.
Rather than a lengthy briefing document, a proposed Type D meeting (See Table 1 below)
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may be supported by a more focused briefing document containing the information needed to
address the drug development issue(s) at hand to inform the discussion and feedback provided for focused meetings. Additionally, templates that provide high-level summaries of specific
aspects of drug development such as the status of CMC development and dose optimization
might be beneficial; such high-level summaries could potentially facilitate early FDA identification of potential drug development issues that could be addressed in future meetings with the
sponsor post-BTD might be beneficial (see discussion on use of “Drug Development Snapshots”
as a potential communication tool).
During the focus group meetings, there was discussion of informal meeting requests but ultimately the value of a more “informal request” may be limited when there are questions requiring input from multiple review disciplines or limited background is provided by the sponsor.

Table 1: Available FDA Meeting Types and Applicability for Products with BTD7,8,9

Meeting Type

General Purpose

Timeframe

Application for BTD Products

Type A
Meetings

Meetings that are necessary for an
otherwise stalled product development
program to proceed or to address an
important safety issue.

Within 30 days
of request

Strengthening communication between
the FDA and sponsor could help avoid
issues that would require a Type A meeting for products with BTD.

Type B
Meetings

Routine meetings occurring at pre-defined endpoints between FDA and a
sponsor. Meetings typically occur right
after or right before the submission of
clinical data or a new drug filing.

Within 60 to 70
days of request

Formal meetings for products with BTD,
including the initial comprehensive BTD
meeting, are granted as Type B, unless
they qualify as Type A meetings.

Type C
Meetings

A meeting that is not a Type A or Type
B meeting regarding the development
and review of a product.

Within 75 days
of request

Very rarely used for BTD products, as
BTD default would be to Type B meetings
unless reclassified by FDA and have a
potentially shorter turnaround. With the
addition of a Type D meeting (see below),
Type C meetings could be reserved for
development issues that would not warrant as quick of a turnaround.

Type F
Meetings

Early advice meetings to discuss pediatric development plans.

Within 30 days
of request

Meetings encouraged for BTD drugs
to ensure that an agreed initial pediatric study plan (iPSP) is in place prior
to marketing application. This may be
particularly important with respect to
mechanism of action based pediatric
requirements (Section 504 of FDARA 2017)
for original application of oncology drugs.

Proposed Type
D Meetings*

Focused on a narrow set of issues (no
more than 2 focused topics) which
could include:
•
a follow-up question that raises a
new issue after a formal meeting
•
a narrow issue with few associated
questions
•
a general question about an innovative development approach

Within 50 days
of request

This meeting type could promote proactive, collaborative discussion to help
identify and mitigate/troubleshoot
potential rate-limiting steps to development articulated by the sponsor in a
more focused briefing document. Type
D meetings could be reserved for issues
that require more rapid feedback versus
issues that may be best routed through a
Type B meeting request.

*Meeting type described in the PDUFA VII Commitment Letter
(https://www.fda.gov/media/151712/download)
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The ability to connect informally with review staff, Division leaders, and Office Directors, while potentially valuable for timely decision making, may be counterproductive unless it includes all relevant
members of the FDA review team and is incorporated as official FDA correspondence to the sponsor.
Opportunity 3. Develop communication tools and optimize processes to support interdisciplinary coordination within and between the FDA and sponsors.
Create a program for voluntary submission of “Drug Development Snapshots” for earlier
identification of issues that could result in delays in development.
A strength of BTD is the product-specific dialogue provided through cross-functional structured interactions between the FDA and sponsors, which involves senior leadership at FDA.
However, challenges may be encountered at different times and in different areas of drug
development depending on the drug development program. Identification of challenges may not align with milestone meetings that are typically attended by cross-functional
groups within the FDA and the sponsor drug development team, which can result in delays
addressing these issues. Voluntary sponsor submission of high-level product development information in the form of periodic Drug Development Snapshots (see mock template
for dosing snapshot in Appendix) could help prompt earlier identification of rate-limiting
aspects of development (e.g., dosing, CMC/Product quality aspects, diagnostic co-development, plans for confirmatory trials if accelerated approval pathway is anticipated, etc.),
serve as a vehicle to support information exchange, and help determine when meetings
outside of the normal milestone cadence would be most beneficial. This increased transparency throughout development outside of normal milestone meetings can also promote FDA
cross-discipline and inter-center communication on the development program, plans for
upcoming milestones, and necessary interventions. While these snapshots could be particularly useful for enabling improved real-time communication, they could also be leveraged
beyond BTD products. The FDA could consider a pilot project to explore the utility of Drug
Development Snapshots, including their optimal timing with respect to drug development,
frequency of submission, and content.
Refine best practices for communicating with RPMs to help facilitate efficient collaboration.
FDA Regulatory Project Managers (RPMs) play a vital role in triaging and prioritizing sponsors’
requests, as well as in identifying the appropriate person(s) for FDA-sponsor and internal
meetings, and in coordinating responses for such meetings when necessary. While sponsor
interactions with RPMs are extremely helpful, there is opportunity to improve these interactions. Defining the best communication practices for sponsors and RPMs may help sponsors
understand expectations specifically in the context of a program with BTD. One opportunity
to optimize efficient communication is the ability for sponsors to “flag” requests for feedback
that are time-sensitive, and clearly identify they are requesting a reviewer’s feedback on a
specific topic, to help RPMs appropriately prioritize requests. RPMs could also provide a time
estimate for how long it will take to provide feedback for the request, at the point of acknowl-
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edgement of the request. Updating CDER’s Manual of Policies and Procedures (MAPP) 6030.9
Good Review Practice: Good Review Management Principles and Practices for Effective IND
Development and Review, which describes review management principles and practices, may
provide additional clarity on best communication practices. A one-on-one meeting between
the FDA and Sponsor RPMs could also help set communication expectations. Further, CDER’s 2017
Best Practices for Communication Between IND Sponsors and FDA During Drug Development
Good Review Practice10 outlines appropriate communication strategies between sponsors and
FDA, and additional awareness and following of the best practices may increase efficiencies.
Communicate the sponsor’s role in preparing materials for cross-discipline meetings.
For cross-discipline meetings in BTD drug development to be productive, it may be helpful to
outline the role of both sponsors and the FDA in identifying when general or more specific feedback is warranted and the key disciplines needed for each interaction. Sponsors could provide
concise, focused information necessary for FDA to answer the questions at hand. RPMs could
then distribute the materials to the review team, including to reviewers or consultants outside of
the Division or Center.
Opportunity 4. Provide a roadmap for addressing key pressure points for products with BTD.
Encourage early collaboration, alignment, and prioritization between pharmaceutical and
device sponsors and CDER and CDRH.
Challenges to efficient development of a companion diagnostic can arise particularly for drugs
developed for rare patient populations or in the setting of a product with BTD. Early identification of the need for a companion diagnostic and plans for parallel development with the goal
of contemporaneous approval of a BTD drug and companion diagnostic (if needed) could be a
key component of the comprehensive interdisciplinary post-BTD meeting. As noted earlier, outlining specific meeting types (Type B meetings or otherwise) and timelines to focus on incorporating companion diagnostic co-development can increase collaboration between CDER, CDRH,
the pharmaceutical sponsor, and the diagnostic sponsor and enable early preparation for possible bridging studies, as well as strategies for saving patient samples and adequate patient
ascertainment. Additionally, notification to CDRH upon designation of a BTD could allow for efficient mobilization of appropriate resources. There is also a need for additional clarity around
the level of evidence and data elements needed prior to approval for a companion diagnostic.
It may be helpful if diagnostic tests developed to direct the use of therapies with BTD were also
considered for breakthrough device designation to assist in alignment, prioritization, and collaboration between senior leadership within and across medical product Centers responsible for
each breakthrough product.
Facilitate timely discussion and agreement on dose selection, exposure-response analyses,
and study design.
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Rapid development programs associated with BTD can give the impression that there is insufficient time for robust dose finding approaches; however, identifying the optimal dosage to
support safe and effective use of oncology drugs, and accumulating sufficient information to
support this dosage, is extremely important; the selection of the recommended dose without
adequate investigation is unacceptable. FDA’s OCE has highlighted dose optimization, including for BTD drugs, as a priority by introducing Project Optimus, calling for dose selection justification and earlier discussion of dose selection during the IND phase. BTD may be granted prior
to identification of the optimal dose; however, the approach planned to support the dosage(s)
intended for further development could be discussed with the FDA prior to embarking on a
clinical trial intended to provide evidence of safety and effectiveness to support a marketing
application. These approaches could integrate PK, PD, efficacy, safety, and tolerability data to
adequately support dose selection and may result in the selection of 2 or more doses for further exploration. Sponsors could seek out these discussions, which may occur before or after
receipt of BTD, as early in the development process as possible. FDA could outline opportunities to discuss strategies for dose optimization and selection of the pivotal dose(s) in pre-BTD
meetings. FDA could also clarify and provide feedback on the appropriate use of systems and
model-based approaches to support dose selection, study design, and exposure-response
analyses and provide feedback on proposals to leverage relevant markers of activity to inform
the dosing decisions early in development. Further, learnings from FDA’s work through its PDUFA
VI commitment on model-informed drug development (MIDD) could be leveraged to facilitate
appropriate dose selection. Clarity is needed on the appropriate use of MIDD to support dose
selection, including the evidence needed to show that a model is credible and the role of the
model in supporting or supplementing clinical data.
Identify processes to support early Office of Pharmaceutical Quality (OPQ) discussions and
facilitate timely submission of CMC information to address rate limiting-steps in the commercialization process.
Sponsors are encouraged to provide available CMC/manufacturing information and commercialization plans, which may be in the form of a “Drug Development Snapshot,” early to
FDA to potentially maximize the ability to address rate-limiting steps in the development and
marketing of a breakthrough product. Currently, discussions with CMC/OPQ generally occur
later in development, as CMC development often lags behind clinical development for expedited programs. Sponsors may initiate these conversations earlier in the development program, in a more proactive manner, to aid in planning and development of manufacturing and
product quality strategies. An opportunity to engage in a discussion specific to late phase/
commercial manufacturing and testing approaches as well as to troubleshoot Quality-related
development challenges may expedite the commercialization process. As described in the
PDUFA VII Commitment Letter, FDA plans to issue a new MAPP on approaches to address CMC
challenges for products with accelerated clinical development timelines and will describe
early engagement with sponsors of such products. Further, early identification of the regulatory
business project manager (RBPM) for the OPQ related inquiries would be helpful. Processes for
rolling submission and review of information before all the necessary stability data are avail-
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able could also be explored; this could lead to submission of all Module 3 content except for
all or part of the 3.2.S.7 and 3.2.P.8 sections months ahead of the submission of the final components of the NDA or BLA, which could include these remaining sections. The sponsor should
propose and reach agreement with FDA on plans for early rolling submission of segments of
Module 3 at the EOP 2 or a Pre-NDA/BLA meeting. For example, early submission of detailed
manufacturing site information (e.g., list of manufacturing facilities with addresses and FEI
numbers, current CGMP status, facilities’ prior experience with similar manufacturing processes, manufacturing area and filling line or equipment used) can allow earlier coordination and
planning if a pre-licensure or preapproval inspection is necessary. Discussions with OPQ to
help clarify the level of CMC information needed for approval and types of plans that could be
implemented in the post-approval setting can also be helpful.
Consider FDA’s available strategies to assess facility risks and enable more efficient inspections.
Certain flexibilities were allowed during the COVID-19 pandemic, including operational processes (both for FDA and sponsors), and clarifications on regulatory approaches toward
application components. The FDA has used alternative tools to inform facility assessments
including examination of a firm’s compliance history, inspection reports from trusted foreign regulatory partners, records requests, and the use of remote interactive evaluations.11
Proposed PDUFA VII goals include that some of these flexibilities, or the principles behind
them, will be explored to ensure that facility assessments for BTD products are timely and
focused on critical areas for coverage, thus alleviating delays in approval and enabling
sponsors and FDA to allocate resources efficiently.
Explore decoupling drug substance and drug product process performance qualification (PPQ).
When drug substance and drug product PPQ occur sequentially (for those programs requiring PPQ data in the initial application), the PPQ timeline may delay submission of the application and product approval. Inclusion of CMC into Real-Time Oncology Review (RTOR) and
the development of the CMC Assessment Aid have brought flexibility and enhanced CMC
review efficiency to oncology application reviews. Concurrent execution and completion
of the drug substance and drug product PPQs could build on experiences in small molecule development and may result in expedited CMC readiness to meet clinical timelines.
Feasibility of this approach has been demonstrated in the development of small molecules
over the last few decades as well as for the BTD product pembrolizumab (a monoclonal
antibody).12 Exploring the conditions where it might be possible to successfully decouple
drug substance PPQ and drug product PPQ, could help to expedite the timeline safely and
efficiently. Concurrent validation approaches could be useful for a BTD product to market the PPQ batches. Circumstances and rationale for concurrent release could be fully
described in a PPQ protocol, which for BLAs should be submitted in the application. More
details can be found in the process validation guidance.13
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• What is the current dose(s), schedule(s) and route of administration that are currently being evaluated in clinical

Supporting Evidence

Clinical studies

Translational evidence

Mechanism of
action (MOA) and
format

○ Single arm randomization (i.e., dose and/or control); adaptive design

○ Dose escalation, expansion cohorts with or without randomization

● Brief description of study design including patient population/cancer type(s) under study, line of
therapy, and doses and schedules evaluated, sample size. For example, the following elements can
be considered:

● List of ongoing and completed studies (i.e., single agent and/or combination studies, indication, etc.)

Clinical Evidence

• Is the dose/exposure-response (i.e., biomarkers, tumor size, etc.) relationship identified from the in
vitro cellular systems or the in vivo animal models?

• Are the pharmacological/efficacious target concentrations for patients defined?

• Is the dose-PK relationship established in the non-clinical species (i.e., is the PK dose proportional)?

• Is there established pharmacological evidence (e.g., target engagement, MOA, outcome-based biomarkers, tumor volume) in the relevant preclinical species?

• Is the therapeutic a small or large molecule? Another platform? What is the MOA?

Recommended
trials? Has the RP2D been selected? If the RP2D has not been selected, what key questions are outstanding?
dose, schedule and
route of adminis- • When do you anticipate that a R2PD will be selected?
tration
• Are other routes of administration being investigated?

Key Area of
Consideration

Please note: The table below describes the supportive evidence for the proposed dose and schedule. The target length of
the completed snapshot is 2-5 pages.

Appendix 1. Drug Development Snapshot Template - Clinical Pharmacology (Dose & Administration)
Snapshot
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PK characteristics

Clinical studies

Translational evidence

Mechanism of
action (MOA) and
format

Are other routes of administration being investigated?

When do you anticipate that a R2PD will be selected?

What is the current dose(s), schedule(s) and route of administration that are currently being evaluated in clinical trials? Has the RP2D been selected? If the RP2D has not been selected, what key questions are outstanding?

Supporting Evidence

● Was the PK variability considered when selecting a dose that would achieve target exposure for the
majority of patients?

● Are there any intrinsic or extrinsic factors (e.g., food, body weight, immunogenicity) that would
majorly influence PK? (i.e., if these warrants dose adjustments in a subset of patients)

● Do the PK characteristics (accumulation, half-life) justify the dosing interval?

● Is the dose-PK relationship established (i.e., is the PK dose proportional)?

○ Single arm randomization (i.e., dose and/or control); adaptive design

○ Dose escalation, expansion cohorts with or without randomization

● Brief description of study design including patient population/cancer type(s) under study, line of
therapy, and doses and schedules evaluated, sample size. For example, the following elements can
be considered:

● List of ongoing and completed studies (i.e., single agent and/or combination studies, indication, etc.)

Clinical Evidence

• Is the dose/exposure-response (i.e., biomarkers, tumor size, etc.) relationship identified from the in
vitro cellular systems or the in vivo animal models?

• Are the pharmacological/efficacious target concentrations for patients defined?

• Is the dose-PK relationship established in the non-clinical species (i.e., is the PK dose proportional)?

• Is there established pharmacological evidence (e.g., target engagement, MOA, outcome-based biomarkers, tumor volume) in the relevant preclinical species?

• Is the therapeutic a small or large molecule? Another platform? What is the MOA?

•
Recommended
dose, schedule and
route of adminis•
tration
•

Key Area of
Consideration
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PK characteristics

Clinical studies

Translational evidence

● Was the PK variability considered when selecting a dose that would achieve target exposure for the majority of
patients?

● Are there any intrinsic or extrinsic factors (e.g., food, body weight, immunogenicity) that would majorly influence
PK? (i.e., if these warrants dose adjustments in a subset of patients)

● Do the PK characteristics (accumulation, half-life) justify the dosing interval?

● Is the dose-PK relationship established (i.e., is the PK dose proportional)?

○ Single arm randomization (i.e., dose and/or control); adaptive design

○ Dose escalation, expansion cohorts with or without randomization

● Brief description of study design including patient population/cancer type(s) under study, line of therapy, and
doses and schedules evaluated, sample size. For example, the following elements can be considered:

● List of ongoing and completed studies (i.e., single agent and/or combination studies, indication, etc.)

Clinical Evidence

• Is the dose/exposure-response (i.e., biomarkers, tumor size, etc.) relationship identified from the in vitro cellular systems or the in vivo animal models?

• Are the pharmacological/efficacious target concentrations for patients defined?

• Is the dose-PK relationship established in the non-clinical species (i.e., is the PK dose proportional)?

• Is there established pharmacological evidence (e.g., target engagement, MOA, outcome-based biomarkers, tumor
volume) in the relevant preclinical species?

• Is the therapeutic a small or large molecule? Another platform? What is the MOA?
Mechanism of
action (MOA) and
format

• What is the current dose(s), schedule(s) and route of administration that are currently being evaluated in clinical

Supporting Evidence

Recommended
trials? Has the RP2D been selected? If the RP2D has not been selected, what key questions are outstanding?
dose, schedule and
route of adminis- • When do you anticipate that a R2PD will be selected?
tration
• Are other routes of administration being investigated?

Key Area of
Consideration
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• What is the current dose(s), schedule(s) and route of administration that are currently being evaluated in clinical

Supporting Evidence

PK characteristics

Clinical studies

Translational evidence

● Was the PK variability considered when selecting a dose that would achieve target exposure for the majority of
patients?

● Are there any intrinsic or extrinsic factors (e.g., food, body weight, immunogenicity) that would majorly influence
PK? (i.e., if these warrants dose adjustments in a subset of patients)

● Do the PK characteristics (accumulation, half-life) justify the dosing interval?

● Is the dose-PK relationship established (i.e., is the PK dose proportional)?

○ Single arm randomization (i.e., dose and/or control); adaptive design

○ Dose escalation, expansion cohorts with or without randomization

● Brief description of study design including patient population/cancer type(s) under study, line of therapy, and
doses and schedules evaluated, sample size. For example, the following elements can be considered:

● List of ongoing and completed studies (i.e., single agent and/or combination studies, indication, etc.)

Clinical Evidence

• Is the dose/exposure-response (i.e., biomarkers, tumor size, etc.) relationship identified from the in vitro cellular systems or the in vivo animal models?

• Are the pharmacological/efficacious target concentrations for patients defined?

• Is the dose-PK relationship established in the non-clinical species (i.e., is the PK dose proportional)?

• Is there established pharmacological evidence (e.g., target engagement, MOA, outcome-based biomarkers, tumor
volume) in the relevant preclinical species?

• Is the therapeutic a small or large molecule? Another platform? What is the MOA?
Mechanism of
action (MOA) and
format

Recommended
trials? Has the RP2D been selected? If the RP2D has not been selected, what key questions are outstanding?
dose, schedule and
route of adminis- • When do you anticipate that a R2PD will be selected?
tration
• Are other routes of administration being investigated?

Key Area of
Consideration
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PK characteristics

Clinical studies

Translational evidence

Mechanism of
action (MOA) and
format

Are other routes of administration being investigated?

When do you anticipate that a R2PD will be selected?

What is the current dose(s), schedule(s) and route of administration that are currently being evaluated
in clinical trials? Has the RP2D been selected? If the RP2D has not been selected, what key questions are
outstanding?

Supporting Evidence

● Was the PK variability considered when selecting a dose that would achieve target exposure for the
majority of patients?

● Are there any intrinsic or extrinsic factors (e.g., food, body weight, immunogenicity) that would
majorly influence PK? (i.e., if these warrants dose adjustments in a subset of patients)

● Do the PK characteristics (accumulation, half-life) justify the dosing interval?

● Is the dose-PK relationship established (i.e., is the PK dose proportional)?

○ Single arm randomization (i.e., dose and/or control); adaptive design

○ Dose escalation, expansion cohorts with or without randomization

● Brief description of study design including patient population/cancer type(s) under study, line of therapy, and doses and schedules evaluated, sample size. For example, the following elements can be considered:

● List of ongoing and completed studies (i.e., single agent and/or combination studies, indication, etc.)

Clinical Evidence

• Is the dose/exposure-response (i.e., biomarkers, tumor size, etc.) relationship identified from the in vitro
cellular systems or the in vivo animal models?

• Are the pharmacological/efficacious target concentrations for patients defined?

• Is the dose-PK relationship established in the non-clinical species (i.e., is the PK dose proportional)?

• Is there established pharmacological evidence (e.g., target engagement, MOA, outcome-based biomarkers, tumor volume) in the relevant preclinical species?

• Is the therapeutic a small or large molecule? Another platform? What is the MOA?

•
Recommended
dose, schedule and
route of adminis•
tration
•

Key Area of
Consideration
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Efficacy summary

Safety summary

● Are the relevant exposure metrics for efficacy identified (e.g., AUC, Cmax, Cmin, concentration-time,
RO)?

● Is the dose schedule (e.g., frequency, dose holidays) justified based on the K/PK-PD and/or QSP
modeling approaches?

● Is there a dose/exposure – efficacy (primary efficacy endpoint) and PK-PD (e.g., mechanism of
action/predictive biomarkers) relationship upon the adjustment of potential confounders? If yes,
what is the nature of the relationship?

● Summary of response endpoints by dose (e.g., ORR, PFS)

● If yes, does this drug provide an opportunity to personalize the dose for an individual patient or a
sub-population based on the emerging monitorable toxicity?

● Does existing data indicate this is a narrow therapeutic window drug with dose limiting toxicity that is
monitorable (e.g., biomarkers, BP, HR, neuropathy)?

● If acute/transient toxicities were observed, were alternative dosing approaches considered (e.g.,
step-up dosing)?

● Is there an increased frequency of dose interruptions, reductions, or treatment discontinuations with
increasing doses/exposures?

● Are there any overlapping toxicities with the concomitant medications in the patient population
(e.g., treatment combinations for NME with SOC and/or treatments for comorbidities/cancer related
symptoms)?

● Are there any late occurrence toxicities beyond the DLT period? Are there early PD biomarkers reflective of the delayed safety endpoints?

○ Is there an increased frequency of dose interruptions or reductions or treatment discontinuations with increasing doses/exposures?

● Summary of dose interruptions, reductions, and discontinuations by dose/exposures

● Is there a dose/exposure-safety or PK-PD relationship, upon the adjustment of potential covariates,
for safety? If yes, what is the nature of the relationship?

● Summary of frequencies of key AEs (including chronic low grade AEs which can affect tolerability) of
interest by dose
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● Does additional scientific evidence exist (e.g., from similar class, MOA or indication) that may support the current D&A plan/rationale (e.g., publications, scientific presentations)?

Other Evidence

Abbreviations: AEs=adverse events; AUC=area under the curve; BP=blood pressure; Cmax=maximum ‘peak’ concentration; Cmin=minimum ‘trough’ concentration; D&A=dose & administration; DLT=dose-limiting toxicity; HR=heart rate;
K=kinetic; MOA=mechanism of action; NME=new molecular entity; ORR=overall response rate; PD=pharmacodynamic;
PFS=progression-free survival; PK=pharmacokinetic; QSP=quantitative systems pharmacology; RO=receptor occupancy;
SOC=standard of care

● Are there additional planned clinical studies that will contribute data to the current D&A plan/rationale or future D&A proposals?

Additional Clinical Evidence

● Complimentary M&S approaches (i.e., PK-TGI/QSP/ML etc.) for dose optimization and/or inform dose
adjustments

● Is there any patient factors that need to be considered (e.g., patient convenience/compliance [QD,
BID, TID), QW vs Q3W, SC vs IV)

Planned clinical
studies

Other considerations

● Are there any manufacturing considerations (e.g., pill burden, maximal feasible dose, etc.) that
needs to be taken into account?

COMPLEX BIOMARKERS: HARMONIZING USE TO SUPPORT IMPLEMENTATION

Aligning tumor mutational burden (TMB) quantiﬁcation across diagnostic
platforms: phase II of the Friends of Cancer Research TMB Harmonization
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D. M. Vega1, L. M. Yee2, L. M. McShane2, P. M. Williams3, L. Chen3, T. Vilimas3, D. Fabrizio4, V. Funari5, J. Newberg4,
L. K. Bruce5, S.-J. Chen6, J. Baden7, J. Carl Barrett8, P. Beer9, M. Butler10, J.-H. Cheng6, J. Conroy11, D. Cyanam12, K. Eyring13,
E. Garcia14, G. Green7, V. R. Gregersen15, M. D. Hellmann16, L. A. Keefer17, L. Lasiter1, A. J. Lazar18, M.-C. Li2,
L. E. MacConaill14, K. Meier19, H. Mellert20, S. Pabla11, A. Pallavajjalla21, G. Pestano20, R. Salgado9, R. Samara15, E. S. Sokol4,
P. Stafford22, J. Budczies23, A. Stenzinger23, W. Tom12, K. C. Valkenburg17, X. Z. Wang24, V. Weigman25, M. Xie8, Q. Xie26,
A. Zehir16, C. Zhao19, Y. Zhao2, M. D. Stewart1* & J. Allen1, on behalf of the TMB Consortium
1
Friends of Cancer Research, Washington; 2National Cancer Institute, Bethesda; 3Molecular Characterization Laboratory, Frederick National Lab for Cancer Research,
Leidos Biomedical Research Inc., Frederick; 4Foundation Medicine Inc., Cambridge; 5NeoGenomics Laboratories, Aliso Viejo, USA; 6ACT Genomics, Taipei, Taiwan;
7
Bristol Myers Squibb Co., Princeton; 8AstraZeneca Pharmaceuticals LP, Waltham, USA; 9European Organisation for Research and Treatment of Cancer, Brussels,
Belgium; 10LGC Clinical Diagnostics, Gaithersburg; 11OmniSeq Inc., Buffalo; 12Clinical Sequencing Division, Thermo Fisher Scientiﬁc, Ann Arbor; 13Intermountain
Precision Genomics, St. George; 14Brigham and Women’s Hospital, Boston, USA; 15QIAGEN Inc, Aarhus, Denmark; 16Memorial Sloan Kettering Cancer Center, New York;
17
Personal Genome Diagnostics, Baltimore; 18The University of Texas MD Anderson Cancer Center, Houston; 19Illumina Inc, Clinical Genomics, San Diego; 20Biodesix,
Inc., Boulder; 21Johns Hopkins University, Baltimore; 22Caris Life Sciences Inc, Phoenix, Arizona, USA; 23Institute of Pathology, University Hospital Heidelberg,
Heidelberg, Germany; 24EMD Serono Research and Development Institute, Inc., Billerica; 25Q Squared Solutions, Durham; 26General Dynamics Information Technology,
Inc., Columbia, USA

Background: Tumor mutational burden (TMB) measurements aid in identifying patients who are likely to beneﬁt from
immunotherapy; however, there is empirical variability across panel assays and factors contributing to this variability
have not been comprehensively investigated. Identifying sources of variability can help facilitate comparability
across different panel assays, which may aid in broader adoption of panel assays and development of clinical
applications.
Materials and methods: Twenty-nine tumor samples and 10 human-derived cell lines were processed and distributed to 16
laboratories; each used their own bioinformatics pipelines to calculate TMB and compare to whole exome results.
Additionally, theoretical positive percent agreement (PPA) and negative percent agreement (NPA) of TMB were estimated.
The impact of ﬁltering pathogenic and germline variants on TMB estimates was assessed. Calibration curves speciﬁc to
each panel assay were developed to facilitate translation of panel TMB values to whole exome sequencing (WES) TMB values.
Results: Panel sizes >667 Kb are necessary to maintain adequate PPA and NPA for calling TMB high versus TMB low
across the range of cut-offs used in practice. Failure to ﬁlter out pathogenic variants when estimating panel TMB
resulted in overestimating TMB relative to WES for all assays. Filtering out potential germline variants at >0%
population minor allele frequency resulted in the strongest correlation to WES TMB. Application of a calibration
approach derived from The Cancer Genome Atlas data, tailored to each panel assay, reduced the spread of panel
TMB values around the WES TMB as reﬂected in lower root mean squared error (RMSE) for 26/29 (90%) of the
clinical samples.
Conclusions: Estimation of TMB varies across different panels, with panel size, gene content, and bioinformatics
pipelines contributing to empirical variability. Statistical calibration can achieve more consistent results across panels
and allows for comparison of TMB values across various panel assays. To promote reproducibility and comparability
across assays, a software tool was developed and made publicly available.
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INTRODUCTION
The use of anti-programmed death-ligand 1 (PD-L1)/antiprogrammed cell death protein 1 (PD-1) therapies has risen
dramatically over the last few years, with an increasing
number of regulatory approvals in several cancer types.1
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Despite these successes, only a fraction of cancer patients
beneﬁt from immune checkpoint blockade, which has led to
broader exploration of biomarkers to identify patient populations more likely to respond to immunotherapy.2-4
Tumor mutational burden (TMB) is deﬁned as the number of somatic mutations per megabase of interrogated
genomic sequence. There has been early success in using
TMB to predict responses to immune checkpoint inhibitors
for patients with melanoma and lung cancer, among
others.5-7 Importantly, the use of TMB as a biomarker is
tumor agnostic. Recently, data from KEYNOTE-158
(NCT02628067) supported the use of pembrolizumab for
the treatment of TMB-high adult and pediatric patients with
unresectable or metastatic solid tumors that had progressed after previous treatment. TMB high was set at
TMB 10 mut/Mb for patients’ formalin-ﬁxed parafﬁnembedded (FFPE) tumor tissue samples tested with the
Foundation Medicine (Cambridge, MA) FoundationOne CDx
assay.8 The ﬁndings of this study led to the ﬁrst United
States Food and Drug Administration (FDA) approval of
pembrolizumab using TMB high as a positive predictive
biomarker for patient selection in a tissue-agnostic setting.
The FoundationOne CDx assay is the ﬁrst FDA-approved
companion diagnostic to measure TMB and to help identify patients who may be appropriate for treatment with
pembrolizumab, regardless of solid tumor type.
In clinical practice, next generation sequencing (NGS)
targeted gene panel assays are preferred over whole exome
sequencing (WES) approaches for TMB estimation due to
already relevant clinical use for identiﬁcation of targetable
oncogenes, broader availability, quicker turnaround time,
and cost. To date, FoundationOne CDx is the only FDAapproved panel assay that reports TMB, while the Memorial Sloan Kettering Cancer Center MSK-IMPACT (Integrated
Mutation Proﬁling of Actionable Cancer Targets), NantHealth’s Omics Core test, and the PGDx elio tissue
complete assay have received FDA 510(k) clearance.9
However, access to these regulated panel assays is not
ubiquitous, leading to the development of additional NGS
targeted gene panel assays by local and commercial
providers.
Several factors impact variation among panel assays
including sample input, tumor content, panel size, gene
content, quality control (QC), NGS platform, and bioinformatics pipeline, which may inﬂuence TMB estimates and
lead to inconsistent TMB calculation and reporting.10
Although 10 mut/Mb is the cut-off for TMB-high designation with the FoundationOne CDx assay, other panels may
have different clinical cut-offs. Because of these inherent
differences, the standardization of clinical validation practices, harmonization of TMB assessment, and alignment
across TMB panel assays are critical steps to improve consistency of results and comparability across panel assays,
and to promote conﬁdence in the use of this biomarker. This
is a crucial time to seek harmonization in TMB measurement
and assess comparability across TMB assays to prevent
the inconsistencies seen in past biomarkers. For example,
the lack of alignment across PD-L1 immunohistochemistry
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assays, lack of comparability of panel assay results, and
different cut-offs deﬁned for each drug have posed a signiﬁcant challenge for the implementation of PD-L1 expression testing.11-17
With the aim of facilitating harmonization and alignment
across tissue TMB assays, the Friends of Cancer Research
(Friends) TMB Harmonization Consortium was formed. The
TMB Consortium, which consists of several diagnostic
manufacturers, academics, pharmaceutical companies, the
National Cancer Institute (NCI), Frederick National Laboratory for Cancer Research, and the FDA, previously reported
results from the ﬁrst phase of the project where the
theoretical variability across 11 commercial and academic
panel assays was described and consortium-endorsed recommendations were proposed for the analytical validation
of TMB assays.18 Moreover, the TMB Consortium partnered
with Quality in Pathology (QuIP) in Germany to complement
its approach and enrich its perspective on the variability in
TMB estimates across laboratories through a technical
comparability study.19
In this study, we set out to characterize the empirical
variability in TMB measurements across platforms using a
common set of cell lines and clinical samples tested across
16 panel assays from 16 participating laboratories. Further,
we aimed to elucidate how certain factors such as panel
size, gene content, and bioinformatics pipelines impact TMB
estimates, and to investigate the use of a calibration tool
based on The Cancer Genome Atlas (TCGA) data and human
tumor-derived cell lines that will facilitate comparability
across different panel assays. Based on these results, we
aim to provide data and guidance that will help improve the
consistency and reliability of panel tissue TMB estimation
across platforms and facilitate the use of this complex
biomarker in clinical decision making.
MATERIALS AND METHODS
Samples (clinical samples and cell lines)
Thirty-six FFPE clinical tumor samples and matched buffy
coat were acquired from iSpecimen (Lexington, MA) and
processed at a reference laboratory (MoCha Laboratory,
Frederick National Laboratory for Cancer Research, Frederick, MD), where tumor tissue specimens were enriched by
histological macrodissection to the extent possible, with the
estimated tumor cell content in macrodissected specimens
ranging from 30% to 95% (Supplementary Table S1, available at https://doi.org/10.1016/j.annonc.2021.09.016). All
samples were categorized into the following broad tumor
types: bladder, colon, gastric, gastrointestinal stromal tumor
(GIST), and lung. Speciﬁc histologic diagnoses and demographic data can be found in Supplementary Table S1,
available at https://doi.org/10.1016/j.annonc.2021.09.016.
Genomic DNA from tumor specimens was extracted using
AllPrep FFPE Nucleic acid Extraction kit and the QIAcube
automated platform (QIAGEN, Germantown, MD). Genomic
DNA from buffy coat specimens was extracted using the
QIAsymphony automated platform (QIAGEN). DNA was
quantitated using Qubit dsDNA BR assay kit (Thermo Fisher
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Scientiﬁc, Waltham, MA). After performing QC, seven GIST
samples were excluded from further analyses mostly due to
low DNA yield, poor DNA quality, and low depth of coverage
(Supplementary Table S2, available at https://doi.org/10.
1016/j.annonc.2021.09.016); thus, only 29 clinical samples
were evaluated in this study.
Ten (two breast, eight lung cancer) human-derived
matched tumor-normal cell lines were selected and obtained from the American Type Culture Collection (ATCC)
(Supplementary Table S3, available at https://doi.org/10.
1016/j.annonc.2021.09.016) and processed at a reference
laboratory, SeraCare (now LGC Clinical Diagnostics Division).
Cell lines were grown in accordance with ATCC speciﬁcations with no more than ﬁve passages. DNA was extracted
from frozen cell pellets (80-100M cells) using the QIAGEN
Gentra Puregene Kit. Puriﬁed genomic DNA concentrations
were normalized to 50 ng/mL in 0.1x Tris-EDTA buffer as
measured by the Qubit dsDNA BR assay kit. Integrity of
puriﬁed genomic DNA was assessed by agarose gel electrophoresis. All 10 matched cell line samples passed QC,
and thus were evaluated in this study.
Whole exome sequencing and TMB estimation
The reference laboratory carried out WES, where 50 ng of
genomic DNA was sheared to 150-180 bp using Covaris
LE220 sonicator (Covaris, Woburn, MA). Library preparation
was automated on a SciClone G3 liquid handling workstation using custom scripts (Supplementary Material, available at https://doi.org/10.1016/j.annonc.2021.09.016). A
NovaSeq 6000 (Illumina, San Diego, CA) was used with 2 �
150 bp paired-end (PE) sequencing mode. WES TMB was
calculated using the previously described uniform method
using two Novaseq S4 ﬂowcells generating w400M PE 150bp reads on tumor and w135M reads on normal samples to
generate a median target coverage of >400� in tumor and
>200� in normal tissue.20 GATK-based Sentieon pipeline
(version v201808) was used to call somatic variants
(https://github.com/FNL-MoCha/nextgenseq_pipeline).
Gene panel assay sequencing and TMB estimation
Aliquoted DNA samples extracted from clinical samples and
cell lines were distributed to all 16 participating laboratories, and each used their own sequencing and bioinformatics pipelines to estimate TMB from the genes
represented in their respective panel assays. Some of these
pipelines have been previously published (Table 1). Clinical
samples were run as singletons and cell lines were run in
duplicate or triplicate as available.
Panel assay size analysis
The simulated positive percent agreement (PPA) and
negative percent agreement (NPA) of each of the panel
assays (in silico) were calculated as a function of both the
size of the panel assay used for its calculation as well as the
respective TMB cut-off (Supplementary Material, available
at https://doi.org/10.1016/j.annonc.2021.09.016).
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Panel gene content analysis
Ten laboratories volunteered their BED ﬁle formats to
anonymously evaluate the gene content of their panel assays. All panel data were lifted over to hg19 coordinates if
they were not already. The intervals in these panel assays
were intersected with the xgen-exome-research-panel-v2targets exome reference panel assay. TCGA mutations
from WES (in MAF format) were then overlayed on to the
panel assays. We explored the removal of variants ﬂagged
as pathogenic as per the Catalogue of Somatic Mutations in
Cancer (COSMIC) version 88, as well as synonymous variants, to determine the impact of including or excluding
certain variants. TMB estimates per sample and per gene
were tabulated.
Germline analysis
Three laboratories that use a tumor-only approach for the
removal of germline variants volunteered to estimate the
TMB value of the 29 clinical samples using three speciﬁc
population minor allele frequency (pMAF) thresholds (0%,
0.5%, and 1%) to assess the impact that different population pMAF thresholds have on TMB estimates. Each laboratory used their own combination of population allele
databases, including some custom databases, but no additional methods for the removal of germline variants were
used (i.e. custom copy number-based germline prediction
methods). (Supplementary Material, available at https://
doi.org/10.1016/j.annonc.2021.09.016).
Calibration analysis
Statistical analyses were conducted to develop calibration
curves speciﬁc to each panel assay that would facilitate
translation of panel TMB values to WES TMB values. For
each panel assay, two potential calibration curves were
constructed. One curve modeled the association between
panel TMB and WES TMB based on in silico analysis of the
TCGA validation data as previously described.18 These WES
TMB values, which were previously calculated, are available
on Precision FDA (https://precision.fda.gov/). The second
curve modeled the association based on the “wet lab” results obtained on 10 human tumor cell lines newly generated and reported on in the current article. Parameter
estimates were then used to compute 95% prediction limits.
WES-calibrated TMB estimates and 95% intervals of uncertainty were obtained by inverting the ﬁtted regression
line and prediction limits. Supplementary Figure S1, available at https://doi.org/10.1016/j.annonc.2021.09.016, provides a pictorial representation of the calibration process.
Additional documentation describing details of the model
ﬁt, calculation of the prediction limits, and method of
obtaining the WES-calibrated TMB estimates and intervals
of uncertainty can be found in Supplementary Material,
available at https://doi.org/10.1016/j.annonc.2021.09.016.
After ﬁtting the calibration curves for each panel assay
according to the TCGA and cell line methods (training sets),
the calibration curves were applied to TMB measurements
generated by the panel assay on a completely independent
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Table 1. Characteristics of 16 participating diagnostic NGS panel assays
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set of 29 clinical samples that were not used in any way to
develop the calibration curves (testing set). For each clinical
sample, the uncalibrated, TCGA-calibrated, and cell linecalibrated panel TMB values were visually compared by
boxplots. Root mean squared error (RMSE), relative to the
observed WES value for each sample, was calculated on the
sample and on the panel assay level.
The calibration tool, tmbLab, is an open-source software
package written in the publicly available statistical software
R that was created as part of this study.21 This package,
vignettes, documentation, and associated source code have
been made freely available for public use at https://brb.nci.
nih.gov/tmbLab/. The ‘tmbLab’ package was applied for the
calibration analyses (Supplementary Methods, available at
https://doi.org/10.1016/j.annonc.2021.09.016). Output produced by the package includes calibration plots as well as
intercept, slope, and variance parameters associated with the
ﬁtted calibration curves relating panel TMB to WES TMB.
Compliance with ethics guidelines
Institutional review board (IRB) approval of the study protocol was obtained by each laboratory before study
conduct. In all cases, the IRB determined this study is
exempt from IRB review because it does not meet the
deﬁnition of human subject research as deﬁned in 45 CFR
46.102. Speciﬁcally, the investigators did not obtain information or biospecimens through intervention or interaction
with individuals, and the DNA samples utilized by the
participating laboratories was de-identiﬁed.
RESULTS
Variability across panel assays of participating
laboratories
Sixteen targeted gene panel assays from academic and diagnostics laboratories participated in this study (Table 1).
Each panel assay had a unique combination of characteristics that encompassed different sample processing requirements and sequencing platforms and chemistries. Each
laboratory used their own analytical and bioinformatics
methodologies to estimate TMB, which were optimized to
their own panel assay speciﬁcations. If available, published
panel assay performance characteristics are reported
(Table 1). Size of the coding regions used to estimate TMB
ranged from 0.8 to 1.94 Mb; minimum DNA input ranged
from 20 to 150 ng and sample-level depth of coverage
ranged between 30 and 800� for the participating laboratories. Seventy-ﬁve percent (12/16) of panel assays used an
Illumina sequencing platform, while the others used the
Thermo Fisher Scientiﬁc Ion Torrent platform. Sixty-three
percent (10/16) used hybridization as a target enrichment
approach, while the remaining panel assays used an
amplicon-based approach.
The locally developed bioinformatics pipelines used in
this phase II study also varied. All 16 panel assays included
non-synonymous variants for TMB estimation, while 9 panel
assays (56%) also included synonymous variants. Two panel
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assays used paired normal tissue to remove germline variants for TMB estimation, and the remaining 14 used their
own tumor-only approach that utilized a combination of
population frequency databases and proprietary methods
for germline variant removal (Table 1). The variability in
panel TMB values is described with boxplots in Figure 1 for
the 25 clinical samples with WES TMB values <20 mut/Mb
(Figure 1A and Supplementary Table S4), the 4 clinical
samples with WES TMB values >20 mut/Mb (Figure 1B),
and the 10 cell line samples (Figure 1C and Supplementary
Table S5). Overall, the empirical variability across panel
assays increased with increasing TMB value, which is
consistent with ﬁndings of our previous study.18 This trend
in variance is evidenced by the wider (vertically stretched)
boxplots proceeding from left to right within each ﬁgure
and by comparing Figure 1A to Figure 1B. We noted that in
clinical samples, WES TMB was occasionally lower than
many of the reported panel TMB values (e.g. TMB-38, TMB51, TMB-36), whereas in the cell lines, WES TMB was
sometimes higher than many of the reported panel TMB
values (e.g. NCI-H1437, NCI-H2009). Patient demographic
and clinical variables as well as some specimen characteristics are also described via heatmaps below the boxplot
ﬁgures (Figure 1).
Impact of panel assay size on panel TMB estimates
We used an in silico approach to estimate the impact of
panel size on the PPA and NPA of TMB calling. At a TMB cutoff of 10, all 16 panel assays evaluated have a theoretical
NPA of at least 95%, with a theoretical NPA falling <95% for
panel sizes under 667 Kb (Figure 2A). The theoretical PPA at a
TMB cut-off of 10 ranged from 87% to 92%, with a theoretical PPA falling <85% for panel sizes under 577 Kb. At a
TMB cut-off of 5, theoretical NPAs ranged from 87% to 91%,
while theoretical PPAs ranged from 86% to 92%, with larger
panel assays having higher theoretical PPA and NPA. At TMB
cut-offs of 15 and 20, theoretical NPAs ranged from 98% to
99%, while theoretical PPAs ranged from 88% to 92%.
While actual panel performance reﬂects many factors,
including depth of sequencing and accuracy of mutation
calling, we observed a substantial acceleration of decrease
in PPA of panels at critical intersections of small panel sizes
and low TMB cut-offs (Figure 2A). These ﬁndings support
the hypothesis that small panels are insufﬁcient to maintain
adequate PPA and NPA for calling TMB high versus TMB low
across the range of cut-offs for positivity likely to be used in
practice.
Impact of panel assay gene content on panel TMB
estimates
Failure to ﬁlter out pathogenic variants in panel TMB estimates results in overestimation of TMB relative to WES for
all panel assays investigated (Figure 2B). In this in silico
analysis, removing known pathogenic cancer gene mutations, as identiﬁed in COSMIC, showed a closer approximation to WES TMB. When synonymous variants are
additionally ﬁltered, thereby keeping only non-synonymous
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Tumor Mutation Load Assay; TMB, tumor mutational burden; WES, whole exome sequencing.
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Figure 2. Panel assay design and bioinformatics factors affecting panel TMB estimates.
(A) Impact of panel assay size on NPA and PPA of panel TMB estimate, (B) impact of gene content (including pathogenic variants and synonymous variants) on panel TMB
estimate, and (C) impact of population allele thresholds on germline variant ﬁltering. *Identiﬁes patients with African ancestry.
ACT, ACT Genomics; AZ, AstraZeneca; BWH, Brigham and Women’s Hospital; Caris, Caris Life Sciences; FMI, Foundation Medicine; ILLUM, Illumina; IPG, Intermountain
Precision genomics; JHU, Johns Hopkins University; MSKCC, Memorial Sloan Kettering Cancer Center; NPA, negative percent agreement; PGDx, Personal Genome
Diagnostics; Q2, Q Squared Solutions; PPA, positive percent agreement; Thermo_OCA, Thermo Fisher Scientiﬁc Oncomine Comprehensive Assay; Thermo_OTMLA,
Thermo Fisher Scientiﬁc Oncomine Tumor Mutation Load Assay; TMB, tumor mutational burden; WES, whole exome sequencing.

variants to estimate TMB, only a minimal effect is observed
on panel TMB estimates as approximations to WES TMB.
However, it was evident that removing synonymous variants
also widened the boxplot, thus signaling greater variability
across panel TMB estimates when the number of variants
was reduced. Variability in this context was also associated
with panel assay size. Boxplot width was the smallest for
panel 2, which also corresponded to the largest panel assay
(1.5 Mb). In contrast, panel 7, with the smallest panel assay
(0.8 Mb), exhibited the greatest boxplot width.
Impact of germline variant ﬁltering on panel TMB
estimates
The tumor-only approach utilized by 14 out of 16 panel
assays included the identiﬁcation of common variants in a
single or a combination of population-based genotyping
databases (Supplementary Table S6, available at https://doi.
org/10.1016/j.annonc.2021.09.016). Filtering out potential
germline variant calls, deﬁned as >0% of the pMAF, provides the strongest correlation to WES TMB independent of
the panel assay utilized (Figure 2C). In some instances, use
of 0% pMAF could even lead to underestimation of panel
TMB. Conversely, setting the germline variant allele frequency ﬁlter to >0.5% pMAF signiﬁcantly overestimates
panel TMB compared to WES TMB and this effect is even
more pronounced when the ﬁlter is raised to >1% pMAF.
Notably, three of the clinical samples evaluated were from

patients of African descent (TMB-34, TMB-40, TMB-43) and
were observed to have panel TMB values that were grossly
overestimated by the majority of platforms, especially if
0.5% or 1% pMAF thresholds were used for the removal of
germline variants.
Calibration tool
The range of ﬁtted calibration curve slopes across the panel
assays was 0.868-1.647 when TCGA data were used as the
calibration reference, and 0.551-1.142 when the cell line
data were used as the reference (Supplementary Tables S7
and S8, available at https://doi.org/10.1016/j.annonc.
2021.09.016). The TCGA- and cell line-derived calibration
results are depicted in Figure 3 for samples with WES TMB
values between 5 and 15. The boxplots of all 29 clinical
samples are included in Supplementary Figure S2, available
at https://doi.org/10.1016/j.annonc.2021.09.016. In general, the TCGA calibration approach tends to yield boxplots
that are compressed and/or closer to the WES TMB value,
when compared to uncalibrated TMB values. Numerically
this is demonstrated by the lower RMSE (Supplementary
Table S9, available at https://doi.org/10.1016/j.annonc.
2021.09.016); in particular, the RMSE for the TCGAcalibrated TMB values as compared to the uncalibrated
TMB values is equal or lower in 26/29 (90%) clinical samples
(Supplementary Table S9, available at https://doi.org/10.
1016/j.annonc.2021.09.016). In contrast, the cell line
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1016/j.annonc.2021.09.016). For each sample, the three boxplots correspond to (left to right) the uncalibrated TMB values, the TCGA-calibrated TMB values, and the
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ACT, ACT Genomics; AZ, AstraZeneca; BWH, Brigham and Women’s Hospital; Caris, Caris Life Sciences; FMI, Foundation Medicine; ILLUM, Illumina; IPG, Intermountain
Precision genomics; JHU, Johns Hopkins University; MSKCC, Memorial Sloan Kettering Cancer Center; PGDx, Personal Genome Diagnostics; Q2, Q Squared Solutions;
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calibration approach does not yield less variable/less biased
boxplots or lower RMSE than uncalibrated TMB values
(Figure 3, Supplementary Figure S2 and Table S9, available
at https://doi.org/10.1016/j.annonc.2021.09.016). RMSE
was also calculated on the panel assay level and shows that
RMSE may increase or decrease on the panel assay level
(Supplementary Table S10, available at https://doi.org/10.
1016/j.annonc.2021.09.016).
DISCUSSION
In an environment where diverse NGS assays will be available, to conﬁdently use TMB estimation in clinical decision
making, sources of measurement variability must be understood and controlled for when interpreting results. In
this large collaboration-driven study, we describe the
empirical variability in TMB estimation across 16 different
panel assays applied to a common set of FFPE clinical tumor
samples and to human tumor-derived cell lines. Additionally, we developed a publicly available calibration tool to
align TMB estimates using different panel assays.
A certain degree of variability in the estimation of TMB
on clinical samples across panel assays was expected,
similar to our in silico assessment.18 Factors such as panel
assay content, sequencing platforms, and bioinformatics
pipelines were expected to contribute to variability. Since
standardization of these variables is impractical, we utilized
publicly available samples to quantitatively characterize the
empirical variability in panel TMB estimation and provide
the opportunity to achieve more consistent results through
calibration.
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Our results agree with previous reports showing that a
sufﬁciently sized panel is required to maintain reasonable
PPA of panel TMB measurements.22-26 There is a small but
consistent association between panel assay size and the
PPA and NPA, regardless of the TMB cut-off. However, we
also found relatively marginal gains in assay performance
above a certain threshold of panel size.
In addition to size alone, gene content is also a key factor.
We show that ﬁltering out known cancer gene mutations,
as identiﬁed in COSMIC, signiﬁcantly improved the accuracy
of panel TMB estimates relative to WES TMB for all of the
panel assays. Another approach is to remove synonymous
alterations and count only non-synonymous variants when
estimating TMB; seven participating laboratories did so in
our study. However, this did not signiﬁcantly affect accuracy
of TMB estimates in the clinical samples (perhaps related to
few silent alterations in the gene regions tested by each
panel assay).23,27
Another issue in TMB estimation is the impact of tumoronly sequencing, which can lead to inadvertent inclusion of
germline variants. Inclusion of germline variants within 1%
pMAF as part of a tumor-only germline variant removal
approach resulted in signiﬁcant overestimation of panel
TMB, which has also been observed by Parikh et al.28
Population databases are commonly used by various
panel assays, and here we showed that the most stringent
ﬁltering approach, using a ﬁlter of >0% pMAF, offers the
closest approximation to WES TMB compared to other
pMAF values (0.5% or 1%). Additionally, TMB values for
patients of African descent within our clinical samples were
overestimated. Analysis using more than one population

database may help to reduce biases, especially as databases
may vary with their representation of different racial ancestries.29 Overall, it is important to accurately ﬁlter
germline variants using available bioinformatics methods.
Additionally, the use of FFPE specimens may have an impact
on TMB estimation by generating false positives due to
artifacts created during the ﬁxation process. These factors
must be considered and assessed during assay development, including development of the bioinformatics pipeline
to reduce potential false positives. Clinically, if the TMB
value of a cancer is close to a predetermined threshold that
would make it eligible for treatment, the variability added
by the suboptimal removal of germline variants could
translate to potential overtreatment of patients and unnecessary exposure to immune-related adverse events.
Patient-matched normal samples are not always available to
identify a patient’s germline variants for ﬁltration. Thus, it is
important to accurately ﬁlter germline variants using available bioinformatics methods.
Beyond characterizing and quantifying factors that can
impact variability in panel TMB estimates, we also built a
tool to promote alignment and optimize the functionality of
TMB as a clinical biomarker.
Our calibration tool aims to improve clinical consistency
and interpretability and is a free and open-source software.
Ideally, a calibration tool could be used for regulatory purposes to permit different tests to align to common treatment recommendations, resulting in expanded patient
access and reduced variability in oncology care. Application
of the calibration tool using TCGA data as a reference does
not account for differences in wet-lab procedures across
panel assays. We attempted to use human tumor-derived
cell lines as a reference material; however, there were
insufﬁcient cell lines with matched normal cell lines and
calibration using the 10 cell lines in this study did
not meaningfully reduce variability (Figure 3). See
Supplementary Table S11 for considerations for the use of
different sources as reference material. More generally, the
calibration tool reduced the overall variability across laboratories, but calibration did not improve concordance between panel TMB and WES TMB for every lab. Further work
is needed to optimize the calibration tool for this purpose.
Our ﬁndings should be interpreted considering several
limitations, including the heterogeneity of tumor specimens
acquired and inclusion of a few tumors for which immunotherapies are less relevant (i.e. GIST cancers) as well as
use of samples with high tumor purity (30%) which may
not represent all samples acquired in the clinical setting.
Despite these limitations, our tool effectively demonstrates that calibration of panel TMB values can be achieved
to an extent that supports development and utilization of
TMB applications across platforms. While use of each TMB
platform will likely be optimized to speciﬁc drug indications,
there is value in considering the harmonization and standardization principles we present here. Based on our ﬁndings, we strongly encourage diagnostics developers to
conduct their own calibration analyses and compare their

panel assays to others in order to achieve optimal reproducibility and improve assay utility in the clinic. Clinicians
can use ﬁndings from this study to contextualize a single
TMB output. Clinically, if the TMB value of a cancer is close to
a predetermined threshold that would make a patient
eligible for treatment, being able to recognize variability of
individual panel-level TMB values could help avoid potential
over- or undertreatment of patients or unnecessary exposure to immune-related adverse events. In addition to direct
clinical care, calibration may facilitate synthesizing panel
TMB data across studies for translational research and
enable increased scale and power of studies to examine TMB
along with other predictors of response to immunotherapy.
Conclusion
The TMB Harmonization Project leveraged the expertise and
insight of 16 different diagnostic laboratories to objectively
evaluate the empirical variability across panel TMB values
and to propose best practices for panel TMB alignment. Our
work demonstrates that the utilization of a calibration tool
based on a universal reference standard derived from TCGA
data can enhance comparability of TMB across different
panel assays. Use of different NGS platforms for TMB testing
will necessitate a combinatorial approach, including
consensus guidelines and availability of a universal reference
standard, in order to maintain a satisfactory level of consistency in the measurement and clinical application of this
complex biomarker. Availability of reference material annotated with analytical and associated clinical truth would be
of value to assay development efforts. Our results provide
proof of principle that this level of alignment is achievable
and will support the consistent assessment, adoption, and
application of TMB to optimally guide immunotherapy decisions. We hope that this process can serve as a model for
future biomarker technologies and alignment efforts.
ACKNOWLEDGEMENTS
The authors would like to thank all members of the Friends
of Cancer Research TMB Harmonization Consortium for
their support and scientiﬁc contributions to the study
design and interpretation. We also thank Yifang Eva Pan for
writing support and editorial assistance and Grace Collins
(Friends of Cancer Research) for manuscript preparation.
We acknowledge Amelia Raymond, Sakshi Gulati, and Hisani
Madison for their contributions on the sample sequencing
and data analysis for the AstraZeneca assay and Li Lui who
did the wet-lab work for the LGC SeraCare TMB cell lines for
the Illumina assay.
FUNDING
The Friends of Cancer Research TMB Harmonization initiative uses a distributed research model and costs incurred
are supported by each participating organization. Additional
sources of funding were provided by AstraZeneca, Bristol
Myers Squibb, EMD Serono, Genentech, and Merck &
Company Inc (no grant numbers).

167

DISCLOSURE
XZW is an employee of EMD Serono Research and Development Institute. JN, DF, and ESS are all employees of
Foundation Medicine, and ESS is a shareholder in Roche. VF
and LKB are employees of Neogenomics and stockholders in
NeoGenomics Inc. S-JC and J-HC are employees of ACT
Genomics and stockholder in ACT Genomics. JB is employed
with BMS, shareholder in BMS, and a shareholder in
Johnson & Johnson. JC and SP are employed by OmniSeq,
Inc. and hold restricted stock in OmniSeq, Inc. DC and WT
are employed with Thermo Fisher Scientiﬁc and stockholder
in Thermo Fisher Scientiﬁc. KE is an employee of Intermountain Genome Diagnostics. GG is employed by BMS and
a stockholder in BMS. VRG and R. Samara are employed
with QIAGEN. LAK and KCV are employed with Personal
Genome Diagnostics. PS is employed by Caris Life Sciences.
AS serves on advisory boards and/or receives speech honoraria from AIGnostics, Bayer, Thermo Fisher, Illumina, Astra
Zeneca, Novartis, Pﬁzer, Roche, Seattle Genetics, MSD, BMS,
Takeda, Janssen, and Eli-Lily; and research funding from:
Chugai and Bristol Myers Squibb. MB is employed by LGC
SeraCare. VW is employed with Q Squared Solutions. JCB
and MX are employed by AstraZeneca. JCB is employed and
holds shares of AstraZeneca. KM and CZ are employees of
Illumina Inc and stockholders in Illumina Inc. HM and GP are
employees and shareholders in Biodesix Inc. MDH has stock
and other ownership interests in Shattuck Labs, Immunai,
and Arcus Biosciences; reports honoraria from AstraZeneca
and Bristol Myers Squibb; has a consulting or advisory role
with Bristol Myers Squibb, Merck, Genentech/Roche,
AstraZeneca, Nektar, Syndax, Mirati Therapeutics, Shattuck
Labs, Immunai, Blueprint Medicines, Achilles Therapeutics,
and Arcus Biosciences; receives research funding from
Bristol Myers Squibb (Inst); has patents, royalties, and other
intellectual property [a patent has been ﬁled by Memorial
Sloan Kettering (PCT/US2015/062208) for the use of TMB
for prediction of immunotherapy efﬁcacy, which is licensed
to Personal Genome Diagnostics]; and receives travel and
accommodation expense reimbursement from AstraZeneca,
Bristol Myers Squibb, and Eli Lilly. All other authors have
declared no conﬂicts of interest.
REFERENCES
1. Vaddepally RK, Kharel P, Pandey R, Garje R, Chandra AB. Review of
indications of FDA-approved immune checkpoint inhibitors per NCCN
guidelines with the level of evidence. Cancers. 2020;12:738.
2. Adam T, Becker TM, Chua W, Bray V, Roberts TL. The multiple potential
biomarkers for predicting immunotherapy response-ﬁnding the needle
in the haystack. Cancers. 2021;13:277.
3. Klempner SJ, Fabrizio D, Bane S, et al. Tumor mutational burden as a
predictive biomarker for response to immune checkpoint inhibitors: a
review of current evidence. Oncologist. 2020;25:e147-e159.
4. Wang C, Yu X, Wang W. A meta-analysis of efﬁcacy and safety of antibodies targeting PD-1/PD-L1 in treatment of advanced nonsmall cell
lung cancer. Medicine (United States). 2016;95:e5539.
5. Rizvi H, Sanchez-Vega F, La K, et al. Molecular determinants of
response to anti-programmed cell death (PD)-1 and anti-programmed
death-ligand 1 (PD-L1) blockade in patients with non-small-cell lung
cancer proﬁled with targeted next-generation sequencing. J Clin Oncol.
2018;36:633-641.

168

friends

of

cancer

research

6. Hellmann MD, Ciuleanu T-E, Pluzanski A, et al. Nivolumab plus ipilimumab in lung cancer with a high tumor mutational burden. N Engl J
Med. 2018;378:2093-2104.
7. Hellmann MD, Callahan MK, Awad MM, et al. Tumor mutational burden
and efﬁcacy of nivolumab monotherapy and in combination with
ipilimumab in small-cell lung cancer. Cancer Cell. 2018;33:853-861.e4.
8. Marabelle A, Fakih M, Lopez J, et al. Association of tumour mutational
burden with outcomes in patients with advanced solid tumours
treated with pembrolizumab: prospective biomarker analysis of the
multicohort, open-label, phase 2 KEYNOTE-158 study. Lancet Oncol.
2020;21:1353-1365.
9. FDA unveils a streamlined path for the authorization of tumor proﬁling
tests alongside its latest product action. Available at https://www.fda.
gov/news-events/press-announcements/fda-unveils-streamlined-pathauthorization-tumor-proﬁling-tests-alongside-its-latest-product-action.
Accessed April 30, 2021.
10. Stenzinger A, Allen JD, Maas J, et al. Tumor mutational burden standardization initiatives: recommendations for consistent tumor mutational burden assessment in clinical samples to guide immunotherapy
treatment decisions. Genes Chromosomes Cancer. 2019;58:578-588.
11. Hirsch FR, McElhinny A, Stanforth D, et al. PD-L1 immunohistochemistry assays for lung cancer: results from phase 1 of the Blueprint PD-L1
IHC Assay Comparison Project. J Thoracic Oncology. 2017;12:208-222.
12. Rimm DL, Han G, Taube JM, et al. A prospective, multi-institutional,
pathologist-based assessment of 4 immunohistochemistry assays for
PD-L1 expression in nonesmall cell lung cancer. JAMA Oncology.
2017;3:1051-1058.
13. Kerr KM. The PD-L1 Immunohistochemistry biomarker: two steps forward, one step back? J Thorac Oncol. 2018;13:291-294.
14. Diggs LP, Hsueh EC. Utility of PD-L1 immunohistochemistry assays for
predicting PD-1/PD-L1 inhibitor response. Biomark Res. 2017;5:12.
15. Abdul Karim L, Wang P, Chahine J, Kallakury B. Harmonization of PD-L1
immunohistochemistry assays for lung cancer: a working progress.
J Thorac Oncol. 2017;12:e45.
16. Thunnissen E, de Langen AJ, Smit EF. PD-L1 IHC in NSCLC with a global
and methodological perspective. Lung Cancer. 2017;113:102-105.
17. Salgado R, Bellizzi AM, Rimm D, et al. How current assay approval
policies are leading to unintended imprecision medicine. Lancet Oncol.
2020;21:1399-1401.
18. Merino DM, McShane LM, Fabrizio D, et al. Establishing guidelines to
harmonize tumor mutational burden (TMB): in silico assessment of
variation in TMB quantiﬁcation across diagnostic platforms: phase I of
the Friends of Cancer Research TMB Harmonization Project.
J Immunother Cancer. 2020;8:e000147.
19. Stenzinger A, Endris V, Budczies J, et al. Harmonization and standardization of panel-based tumor mutational burden measurement: realworld results and recommendations of the quality in pathology
study. J Thorac Oncol. 2020;15:1177-1189.
20. Fabrizio DA, Milbury C, Yip W-K, et al. Analytic validation of tumor
mutational burden as a companion diagnostic for combination immunotherapy in non-small cell lung cancer. Ann Oncol. 2018;29:VIII16.
21. Team R Development Core. A Language and Environment for Statistical
Computing. R Foundation for Statistical Computing; 2018. Available at
https://www.R-project.org/. Accessed April 30, 2021.
22. Wang Z, Duan J, Cai S, et al. Assessment of blood tumor mutational
burden as a potential biomarker for immunotherapy in patients with
non-small cell lung cancer with use of a next-generation sequencing
cancer gene panel. JAMA Oncol. 2019;5:696-702.
23. Allgäuer M, Budczies J, Christopoulos P, et al. Implementing tumor
mutational burden (TMB) analysis in routine diagnosticsda primer for
molecular pathologists and clinicians. Transl Lung Cancer Res. 2018;7:
703-715.
24. Meléndez B, van Campenhout C, Rorive S, Remmelink M, Salmon I,
D’Haene N. Methods of measurement for tumor mutational burden in
tumor tissue. Transl Lung Cancer Res. 2018;7:661-667.
25. Gandara DR, Paul SM, Kowanetz M, et al. Blood-based tumor mutational burden as a predictor of clinical beneﬁt in non-small-cell lung
cancer patients treated with atezolizumab. Nat Med. 2018;24:14411448.

26. Budczies J, Allgäuer M, Litchﬁeld K, et al. Optimizing panel-based tumor mutational burden (TMB) measurement. Ann Oncol. 2019;30:
1496-1506.
27. Fancello L, Gandini S, Pelicci PG, Mazzarella L. Tumor mutational
burden quantiﬁcation from targeted gene panels: major advancements
and challenges. J Immunother Cancer. 2019;7:183.
28. Parikh K, Huether R, White K, et al. Tumor mutational burden from
tumor-only sequencing compared with germline subtraction from paired
tumor and normal specimens. JAMA Netw Open. 2020;3:e200202.
29. Green ED, Gunter C, Biesecker LG, et al. Strategic vision for improving
human health at The Forefront of Genomics. Nature. 2020;586:683692.
30. Garcia EP, Minkovsky A, Jia Y, et al. Validation of oncopanel a targeted
next-generation sequencing assay for the detection of somatic variants
in cancer. Arch Pathol Lab Med. 2017;141:751-758.
31. Hanna GJ, Lizotte P, Cavanaugh M, et al. Frameshift events predict antiPD-1/L1 response in head and neck cancer. JCI Insight. 2018;3:e98811.
32. Vanderwalde A, Spetzler D, Xiao N, Gatalica Z, Marshall J. Microsatellite
instability status determined by next-generation sequencing and
compared with PD-L1 and tumor mutational burden in 11,348 patients.
Cancer Med. 2018;7:746-756.
33. Frampton GM, Fichtenholtz A, Otto GA, et al. Development and validation of a clinical cancer genomic proﬁling test based on massively
parallel DNA sequencing. Nat Biotechnol. 2013;31:1023-1031.
34. Chalmers ZR, Connelly CF, Fabrizio D, et al. Analysis of 100,000 human
cancer genomes reveals the landscape of tumor mutational burden.
Genome Med. 2017;9:34.

35. Cheng DT, Mitchell TN, Zehir A, et al. Memorial Sloan Ketteringintegrated mutation proﬁling of actionable cancer targets (MSKIMPACT): a hybridization capture-based next-generation sequencing
clinical assay for solid tumor molecular oncology. J Mol Diagn. 2015;17:
251-264.
36. Zehir A, Benayed R, Shah RH, et al. Mutational landscape of metastatic
cancer revealed from prospective clinical sequencing of 10,000 patients. Nat Med. 2017;23:703-713.
37. Zehir A, Benayed R, Shah RH, et al. Erratum: mutational landscape of
metastatic cancer revealed from prospective clinical sequencing of 10,
000 patients. Nat Med. 2017;23:1004.
38. Wood DE, White JR, Georgiadis A, et al. A machine learning approach
for somatic mutation discovery. Sci Transl Med. 2018;10:eaar7939.
39. Heeke S, Benzaquen J, Hofman V, et al. Comparison of three
sequencing panels used for the assessment of tumor mutational
burden in NSCLC reveals low comparability. J Thorac Oncol. 2020;15:
1535-1540.
40. Alborelli I, Leonards K, Rothschild SI, et al. Tumor mutational burden
assessed by targeted NGS predicts clinical beneﬁt from immune
checkpoint inhibitors in non-small cell lung cancer. J Pathol. 2020;250:
19-29.
41. Alborelli I, Bratic Hench I, Chijioke O, et al. Robust assessment of tumor
mutational burden in cytological specimens from lung cancer patients.
Lung Cancer. 2020;149:84-89.
42. Wong CN, Fessas P, Dominy K, et al. Qualiﬁcation of tumour mutational
burden by targeted next-generation sequencing as a biomarker in
hepatocellular carcinoma. Liver Int. 2021;41:192-203.

169

A FRIENDS OF CANCER RESEARCH WHITE PAPER

Assessing the Use of ctDNA as an
Early Endpoint in Early-Stage Disease
FRIENDS OF CANCER RESEARCH
ANNUAL MEETING 2021

Introduction
Circulating tumor DNA (ctDNA) is a dynamic biomarker
with potentially broad clinical and regulatory applicability
in oncology. To date, the use of ctDNA has been studied to
the greatest extent in the metastatic solid tumor setting
for molecular profiling at diagnosis, targeted therapy
selection, treatment response monitoring, and long-term
post-treatment tumor surveillance.1 However, there is great
opportunity and potential value to patients to further explore
the use of ctDNA in early-stage solid tumors including:
•

•

•

•
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Determining the need for adjuvant therapy after
definitive surgery, radiation, or chemoradiation by
indicating the presence of minimal (or molecular)
residual disease (MRD) or optimizing neoadjuvant
therapy regimens,
Monitoring for disease recurrence in a simpler and less
invasive way compared to existing tools (e.g., clinical
imaging, biopsies),
Enabling the identification of patients at the highest
risk of recurrence for enrollment in clinical studies
(prognostic enrichment strategies), reducing patient
numbers as well as the time and cost of studies, and
Serving as a potential predictive biomarker for a
patient’s response to therapy as an early endpoint to
predict long-term survival outcomes, allowing for faster
identification of drugs that may be most efficacious
and support regulatory decision-making.2
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Objectives

Detail the opportunities
and challenges in using
ctDNA in the early-stage
disease setting.
Identify and prioritize
clinical questions
supporting its use as
an early endpoint to
support regulatory
approval.
Define data elements
where alignment
is needed across
datasets for easier
contextualization and
analysis to answer these
questions.
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Ultimately, the hope is that use of ctDNA in early-stage disease will improve the approach to
drug development in this setting, enabling effective therapies to get to patients faster.
To explore the opportunities and unique challenges for use of ctDNA in early-stage solid tumors,
Friends of Cancer Research (Friends) convened a multi-stakeholder group of experts in ctDNA
and early-stage disease including the U.S. Food and Drug Administration (FDA), drug sponsors,
ctDNA assay developers, and academic clinicians. The working group focused on the use
of ctDNA as an early endpoint to predict long-term survival outcomes to support regulatory
approval, noting the need for collaboration across sponsors. The working group strongly
endorsed this collaboration for multiple reasons. There is recognition that validating the use
of ctDNA as an early endpoint in early-stage disease will require large amounts of data from
multiple prospective clinical trials. These data will need to represent robust clinical outcomes
and come from multiple sources.3 Also, a more coordinated and collaborative approach will
help to accelerate the understanding of ctDNA in this setting and to establish ctDNA as a
potential early endpoint earlier. Lastly, previous collaborative efforts in this space have laid the
foundation for this effort. Friends established a multi-phased collaborative research initiative to
harmonize the use of ctDNA to monitor treatment response (ctMoniTR) to determine if changes
in ctDNA levels accurately reflect the therapeutic effect of immunotherapies in advanced lung
cancer.4,5 The ctMoniTR Project affirmed that multiple sponsors can work collaboratively to
effectively combine data from multiple clinical trials to demonstrate a correlation between
ctDNA and response, and has expanded efforts to a second phase that includes additional
cancer types and treatments. With this foundation for a collaborative framework, the working
group discussed the investigation of ctDNA as an early endpoint in early-stage disease to
support its use in regulatory decision-making. Through these findings and leveraging previous
ctMoniTR work, we propose a collaborative effort to align data from multiple trials for the
investigation of the use of ctDNA as an early endpoint in early-stage disease.

Opportunities for Use of ctDNA in Early-Stage Disease
There are numerous opportunities to utilize ctDNA in early-stage disease that rely on the
potential to detect disease burden, such as MRD or molecular relapse, earlier and in a less
invasive manner than standard of care imaging technologies or tissue biopsy. Opportunities
exist at various stages of established use and validity in oncology, summarized in Figure 1.
Within the use cases of ctDNA in early-stage disease, one large category pertains to informing
and assessing efficacy of therapies. We detail these use cases below.
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Figure 1: Potential Use Cases of ctDNA in Oncology. Depicted is a time course
through a patient’s cancer treatment journey and the opportunities for use of
ctDNA to guide treatment. (Adapted from Natera)

ctDNA for Risk Stratification and Treatment Selection
Evidence is emerging on the potential to detect MRD by ctDNA assessment post-surgery to
guide decisions on adjuvant therapy. The prognostic value has been demonstrated across
multiple tumor types, demonstrating that the detection of ctDNA post-definitive intervention
could be utilized to direct patients to appropriate adjuvant therapy in early-stage disease or
potentially spare them of unneeded treatment. A study of patients with operable urothelial
cancer found that the presence of ctDNA after surgery was significantly associated with poor
prognosis and those with detectable ctDNA appeared to derive the most relative benefit with
adjuvant immunotherapy.6 Additionally, multiple studies in early-stage colorectal cancer found
the presence of ctDNA after surgery strongly correlated with recurrence7,8 and inferior diseasefree survival (DFS), after adjusting for clinicopathological risk factors.9
ctDNA for Patient Selection
Utilizing the prognostic value of ctDNA in the early-disease setting, MRD-selected adjuvant
trials can help define a more homogenous patient population with higher relapse-event rates,
leading to smaller, higher-risk patient populations and reduced time to reach endpoints. In
the early-stage disease setting, adjuvant trial patient populations are heterogeneous with low
relapse-event rates leading to the need for large numbers of patients to adequately power
studies to analyze outcomes and reach their endpoints, which can also take a significant
amount of time and expose some patients to treatments which they ultimately may not need.
The potential value of ctDNA in this setting is highlighted by recently launched Phase III trials,
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including the MERMAID-1 and MERMAID-2 trials to assess adjuvant treatment in patients with
resected stage II and III NSCLC with MRD by ctDNA measurement10 and the IMvigor011 trial to
assess adjuvant treatment in patients with muscle-invasive bladder cancer who are ctDNA
positive after cystectomy.11
ctDNA to Monitor and Predict Treatment Response in the Neoadjuvant and Adjuvant Settings
Measuring serial ctDNA prior to and throughout treatment may be useful to monitor response
to treatment as an early endpoint to potentially predict long-term outcomes. This has been
illustrated in a retrospective analysis of prospectively collected samples in early-stage breast
cancer where clearance of ctDNA was a predictor of pathological complete response (pCR) to
neoadjuvant treatment and was associated with a lower risk of recurrence.12 In the adjuvant
setting, ctDNA can also potentially be used to monitor and predict treatment response as
an early endpoint. Early work by a pair of small prospectively designed studies at academic
institutions investigating serial ctDNA collection during adjuvant chemotherapy treatment
from patients with locally resected colon cancer found that increases in ctDNA levels during
treatment was an early indicator of radiologic recurrence7 and could be an early predictor of
relapse.9 Evidence from these early phase studies supports the association of ctDNA changes
as an early predictor of treatment outcome and suggests there is an opportunity in both the
neoadjuvant and adjuvant settings to further generate robust evidence.

Defining a Specific Use Case: ctDNA Changes as an Early Endpoint
While there are many possible use cases for ctDNA in early-stage disease, for the purposes of
this white paper, the group decided to focus on ctDNA changes (e.g., clearance, reductions,
kinetics) in response to therapy as an early endpoint to predict long-term survival outcomes
to support regulatory approval. We use the term “early endpoint” for the purposes of this white
paper to distinguish the potential to measure ctDNA changes earlier than other endpoints
(e.g., disease-free survival, event-free survival, and overall survival) rather than defining the
timeframe of when the endpoint is measured (i.e., not insinuating ctDNA measurement occurs
early in a clinical trial, as this may vary based on the context of different cancer types or
treatment settings). In order for ctDNA to support an Accelerated Approval as a primary efficacy
endpoint, ctDNA changes would need to be proven to be reasonably likely to predict clinical
benefit. This utility may have therapeutic class specific (e.g., chemotherapy, immunotherapy,
targeted therapy, etc.) and tumor type specific considerations, however more data and
evidence are needed to delineate these factors. Many clinical and technical questions exist
regarding use of ctDNA as an early endpoint and robust evidence generation will be necessary
to support its use for regulatory decision-making.

Challenges and Variability in ctDNA Detection
In early-stage disease, there are low amounts of ctDNA due to the small, localized nature of
these tumors, and detecting the levels may be limited by current technologies. Furthermore,
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ctDNA levels vary due to differences in tumor growth rate (e.g., indolent vs. fast-progressing),
tumor ctDNA shedding rates, and other biological factors, which vary significantly between
different tumor types and metastatic sites (e.g., intracranial metastases).3 Additionally, both
personalized (tumor informed) and non-personalized (plasma only) approaches integrating
varying single-omic or multi-omic approaches (e.g., sequence mutations, structural
alterations, methylation, fragmentomics, etc.) and platforms are currently being utilized with
many others in development. These approaches, coupled with clinical variables and trial
methodology, result in significant sources of variability in early-stage disease ctDNA clinical
studies (Table 1).

Table 1: Sources of Variability in Early-Stage Disease
ctDNA Clinical Studies

Tumor type, histology, stage of disease
Definitive therapy type (e.g., surgery, radiation, chemoradiation)
Clinical Variables

Therapeutic setting (neoadjuvant, adjuvant)
Current treatment regimens (dosing/timing) and prior regimens
Therapeutic class (e.g., targeted, IO, cytotoxic, hormonal, etc.)
Sample collection timepoints

ctDNA Collection
and Methodology

Whole blood collection (i.e., tube type, storage)
Plasma sample processing (i.e., centrifugation)

Captured
Endpoints

Endpoints for clinical and radiographic associations, including
methodology and definitions of endpoints
Timing of radiographic surveillance
Statistical plan (e.g., interim analysis timing, etc.)
Performance parameters (e.g., reference range/interval, LOB, LOD,
accuracy, repeatability, reproducibility, clinical cut-off for molecular
residual disease)

Diagnostic Assay
and Analysis

Biomarker features assessed (e.g., sequence mutations, structural
alterations, methylation, fragmentation, etc.)
Tumor informed or plasma only platform
Algorithm design for ctDNA detection and status reporting
Algorithm design for ctDNA quantification
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Key Questions for the Use of ctDNA in Early-Stage Disease
Amidst this variability, there are many questions regarding the ability to use ctDNA in earlystage disease as an early endpoint that will be critical to address. These include both
technical and clinical questions.
Key Technical Questions to Be Addressed to Enable the Use of ctDNA in Early-Stage Disease
Due to the multiple approaches and platforms for ctDNA detection in the early-stage
disease setting, there are several technical questions regarding the feasibility and best
approach for aligning the various methodologies to generate meaningful data on the use of
ctDNA as an early endpoint. Questions fall into two categories:
Multi-Use Case Considerations
• Are there different minimum analytical performance requirements for different
early-stage disease applications (e. g., neoadjuvant vs. adjuvant, tumor type, stage
of disease, etc.)?
• Assuming there are minimum diagnostic analytical performance requirements,
are there mechanisms to baseline/compare analytical performance (e.g., LOD,
LOB, etc.) across different platforms from both a qualitative (ctDNA detection)
and quantitative (ctDNA levels) perspective, and is there a common unit of
measurement across assays?
Early Endpoint Considerations
• Given similar analytical performance, are different ctDNA features equally
informative to reflect long-term outcomes after surgical or therapeutic intervention
(neoadjuvant or adjuvant)?
• Do differences in sample collection (e.g., timing) and pre-analytical processing (e.g.,
whole blood collection and plasma preparation) affect the ability of ctDNA changes
to reflect long-term outcomes?
• Given various lower LOD for different platforms, how can data be pooled and
stratified based on the absence or presence of ctDNA to correlate with long-term
outcomes?
Future work is needed by multi-stakeholder groups to prioritize the questions and further
expand on the necessary evidence to answer these technical questions. There are few
harmonized definitions across assays suggesting a need to define common assay metrics
and standards to align across datasets.
Key Clinical Questions to be Addressed to Support ctDNA as an Early Endpoint
There are multiple clinical questions regarding the use of ctDNA changes as an early
endpoint in early-stage disease. The prioritized questions center around whether changes
in ctDNA following treatment reflect long-term outcomes (DFS/EFS and/or OS) at the patient
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and trial level, as well as whether the ability to use ctDNA as an early endpoint varies by
the therapy setting, therapeutic class, or tumor type. Additional considerations explore the
nuances of these questions, focusing on the appropriate timing of ctDNA measurement to
predict long-term outcomes, including further delineating the predictive value of a drug
on reduction, increase, or clearance of ctDNA as reflected in long-term outcomes. These
questions will also likely have different answers depending on the therapeutic setting and
tumor type. In the adjuvant setting, it is important to look at ctDNA clearance, while percent
change of ctDNA levels may be more relevant in the neoadjuvant setting where the tumor
has not been removed. Key questions include:
Do ctDNA changes in response to a drug reflect long-term outcomes (DFS/EFS and/or OS)?
• For example, are certain categorical changes (reduction or rise) in ctDNA more
predictive of long-term survival outcomes?
Does the predictive value of ctDNA vary by:
• early-stage disease therapy setting (e.g., neoadjuvant vs. adjuvant)?
• therapeutic class (e.g., immunotherapy, chemotherapy, targeted therapy)?
• tumor type?
When should ctDNA be measured (i.e., should there be set time points for
measurement throughout treatment for all trials)?
What is the optimal threshold, in terms of percent change in ctDNA levels (or
clearance), that should be used to define ctDNA response?
At what time point does ctDNA response (e.g., early response from pre-treatment to
on-treatment, maintaining ctDNA response at a landmark on-treatment timepoint)
correlate with long-term survival benefit?

Aligning on a Core Set of Data Elements for Assessing the Use of ctDNA
in Early-Stage Disease
There are multiple pragmatic challenges with early-stage disease ctDNA studies including
the size and time needed to reach clinical endpoints. Therefore, proactive planning of data
elements and analysis methodology is important. To generate sufficient evidence to begin
to answer these key clinical questions, collaboration across groups and clinical trials to
aggregate data is necessary. If alignment on a core set of data elements occurs before
prospective clinical trials are designed and executed, validating ctDNA as an early endpoint
can be achieved more efficiently.
Technical Considerations
Due to the significant variability in the analytical approaches and platforms used to
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Table 2: Examples of Analytical Data Elements to
Align Across Clinical Trials

Assay Data
Element Type

Approach

Data Element

Description

Assay Approach

Tumor informed, plasma only; Personalized
or non-personalized

Genomic Features Assessed

Sequence mutations, structural alterations,
methylation, fragmentation, etc.

Assay Performance Metrics

Reference range/interval, LOB, LOD, accuracy,
repeatability, reproducibility

Platform for ctDNA Assessment

NGS, ddPCR, etc.

ctDNA Positive Definition

Threshold for calling samples positive

ctDNA Detection and
Quantification Approach

Requirement for ctDNA+ result, how ctDNA
levels are calculated, and unit of
measurement (e.g., mean tumor molecules
(MTM)/ml plasma, and/or Variant Allele
Fraction (VAF))

Non-Genomics Features Assessed

Protein biomarkers, lipid biomarkers, etc.

cfDNA Assay Input and Method of
Measurement
ctDNA Level at Baseline
Measurements

ctDNA Level at Detection
ctDNA Fraction at Detection

VAF

Plasma Volume
Per Sample LOD

Estimated LOD for an individual sample

measure ctDNA levels, an important first step will be to align on key definitions and metrics
for measuring ctDNA to begin to address the technical questions. Studies of ctDNA changes
should include sufficient detail regarding the specific approach and measurements of
the assay (Table 2), such that the data can be optimally understood and appropriately
analyzed across multiple studies to answer the key technical questions.
Clinical Considerations
To generate large datasets with robust clinical outcomes and ctDNA data, it is important
to align on a core set of data elements that should be captured in randomized controlled
clinical trials to allow for better data contextualization and to optimally assess the use
of ctDNA as an early endpoint. In the previous ctMoniTR efforts, challenges arose when
harmonizing the data across data sources to answer key clinical questions due to the
fact that this was a retrospective analysis and key data elements varied, making it
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Table 3: Examples of Clinical Data Elements to
Align Across Clinical Trials

Data Elements

Considerations for Alignment

Baseline Disease Characteristics and
History

Timing of adjuvant therapy after definitive
therapy (adjuvant)
History and timing of prior therapy
(neoadjuvant and adjuvant)
Time of day sampling

Timing and Frequency of Plasma
Collection

Timing of collection relative to definitive
therapy (adjuvant)
Timing of collection with therapy (e.g.,
cycle of administration)
Timing of collection at baseline
measurement

Frequency of Radiographic Tumor
Surveillance and Imaging Modality

Frequency of imaging
Timing of imaging with plasma collection

challenging to answer some clinical questions of interest. For example, in order to evaluate
how early changes in ctDNA can predict response, there must be appropriate timepoint
measurements of ctDNA levels at baseline and prior to the first imaging assessment.
However, these timepoints were not routinely collected in all clinical trials, making it
challenging to effectively answer the clinical question of how early changes in ctDNA levels
can predict response. Therefore, pre-specifying the necessary elements to embed in clinical
trial protocols can help maximize the types of clinical questions that can be answered and
prevent later analysis issues due to discordant clinical trial methodology.
For each of these core data elements there are multiple considerations, each with the
opportunity to align on a standard methodology for the data elements to maximize learnings
later. For example, there is varying methodology for the timing and frequency of plasma
collection, and further work is needed to define the frequency so that analysis of ctDNA
changes over time can be more effectively analyzed across datasets. The frequency of
collection may depend on the therapeutic class, cycle of administration, treatment setting
(neoadjuvant or adjuvant), or tumor type. These clinical variables will also inform the clinical
endpoints that are measured in a clinical trial (e.g., DFS, EFS, OS, and pCR), and will therefore
affect the conclusions that can be drawn regarding the use of ctDNA as an early endpoint.
Future work is needed to align on these core data components and set forth recommendations
to be followed in future clinical trials to allow for effective assessment of ctDNA.
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Conclusions
There is great opportunity in early-stage solid tumors to assess the use of ctDNA changes
as a potential early endpoint to predict long-term patient outcomes for regulatory approval.
The focus on establishing ctDNA as an early endpoint has the potential to expedite and
improve confidence in the efficacy of novel therapies, bringing beneficial treatments to
patients sooner. To rigorously evaluate the use of ctDNA as an early endpoint for regulatory
decision-making, aggregating data across studies will be necessary. There are many
critical clinical and technical questions to address to establish ctDNA as an early endpoint,
and alignment on key data elements in clinical studies will help to accelerate the answers
to these questions. As the group continues to develop a roadmap for assessing the use of
ctDNA as an early endpoint in early-stage disease, ongoing conversations and collaboration
between stakeholders is crucial.
As a first step, a landscape assessment of the current data available from previously
conducted randomized controlled trials in early-stage disease is needed. The group aims
to establish an inventory of data availability, categorizing the data available by clinical
variables such as tumor type, treatment setting, and therapeutic class. An analysis will
need to be conducted to understand the methodology for obtaining the core clinical
data elements, such as the frequency of plasma collection in the studies. This insight into
current practice, with an understanding and justification of the clinical context supporting
the practice, will inform future recommendations for data capture in clinical studies.
Prospectively designed studies, following the specified recommendations for data capture,
will then lessen the variability seen in retrospective datasets allowing for more effective
analysis.
There are additional significant technical and analytical questions about the assays
that measure ctDNA to be addressed. Activities must be coordinated with other relevant
stakeholders, as efforts to set pre-analytical and analytical standards for assays measuring
ctDNA will be important. Further, the technical and statistical considerations for effectively
conducting pooled meta-analyses from multiple trials, given the variability, will need to
be discussed to determine the optimal statistical approaches and potential limitations of
meta-analyses.
As demonstrated by the previous ctMoniTR work in late-stage disease, collaboration across
sponsors for data analysis from multiple clinical trials is possible. Collaboration will be
necessary to generate large datasets with robust and aligned clinical data to evaluate
the use of ctDNA as an early endpoint in early-stage disease. Initial considerations are
presented in this white paper, and work will continue to build a roadmap for assessment
of this early endpoint that has the potential to transform drug development and benefit
patients.
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Abbreviations

cfDNA – Cell Free DNA
cfRNA – Cell Free RNA
ctDNA – Circulating Tumor DNA
ctMoniTR – ctDNA to Monitor Treatment Response (Friends’ collaboration)
ddPCR – Digital Droplet Polymerase Chain Reaction
DFS – Disease-Free Survival
EFS – Event-Free Survival
IO – Immuno-Oncology
LOB – Limit of Blank
LOD – Limit of Detection
MRD – Minimal (or Molecular) Residual Disease
MTM - Mean Tumor Molecules
NSCLC – Non-Small Cell Lung Cancer
NGS – Next Generation Sequencing
OS – Overall Survival
pCR – Pathological Complete Response
VAF – Variant Allele Fraction
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