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Executive Summary

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

To address this gap, Friends assembled a working group of experts, including representatives from the
FDA, pharmaceutical companies, diagnostics developers, patient advocate organizations, and academia,
to align on key considerations for prospectively designed clinical trials that collect ctDNA in a standardized
manner. The considerations focus on advanced non-small cell lung cancer (aNSCLC) treated with
immunotherapy (I0) due to the robust data established to date and ongoing drug development in this
space. With a standardized approach, these trials may be more appropriate to combine with regards to
data quality and coherence into a trial-level meta-analysis to support the use of ctDNA as an intermediate
endpoint in oncology drug development.

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

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

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

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

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

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

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

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

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

To qualify novel intermediate endpoints, FDA guidance recommends meta-analyses of randomized
controlled trials at both the individual patient- and trial-levels. 2 The Friends of Cancer Research
(Friends) ctMoniTR Project combines data from multiple clinical trials in the metastatic setting to
assess associations between change in ctDNA levels and OS and PFS at the patient-level. These
retrospective patient-level analyses have demonstrated that a decrease in ctDNA is associated with
improved PFS and OS. The focus herein will be on patients with advanced solid tumors, as these
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reflect the bulk of aggregate data analyses conducted to date. Where there are parallels in late-stage
that are relevant for early-stage disease, the same approaches could be considered or adapted, as
appropriate.

Scope and Approach to Assessing Change in ctDNA to Date

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

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

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

Criteria for a Molecular Response Measurement

A key aspect of each of the following sections is considering which data should be collected and
reported for inclusion in a meta-analysis. In addition to outlining these data throughout the following
sections, Table 1 provides recommendations for which datapoints should be reported.

Integrating Change in ctDNA Levels in Advanced Cancer Clinical Trials 6



Table 1. Suggested data to collect and report when running prospective trials that incorporate ctDNA.

approach

50% reduction, 90% reduction, 100% reduction (i.e., clearance)

- Required or
Reportable Category Description Recommended
Plasma volume Per sample The volume (mL) of plasma input into assay workflow Required
cfDNA extracted Per sample The amount of total cfDNA (nanograms) extracted from plasma Required
cfDNA used Per sample The amount of cfDNA (nanograms) input into assay workflow Required
ctDNA detected Per sample Binary yes/no of whether ctDNA is detected in the sample Required
y[étljxon frequency in Per sample Amount of ctDNA (VAF) per variant measured Required*
Continuous metric (e.g., between 0 and 100%) summarizing the per
Measure of ctDNA sample fraction of ctDNA derived from tumor, which could be the :
Per sample . : . Required
level mean, max, or median VAF of detected somatic mutations, or
alternative estimates of tumor fraction (multi-omic, methylation, etc.)
Timing of baseline Per patient Days relative to treatment initiation Required
measurement
Timing of on-
treatment Per sample Days relative to treatment initiation for each sample Required
measurement
Percent of patients Baseline How many patients have baseline ctDNA detected, including pre-
with detected characteristics |specified level of ctDNA Required
baseline ctDNA
Prior therapy Per patient Number of lines of prior therapy, types of therapy, and time since the
) ST : o Recommended
last therapy (i.e., days from prior line ending to treatment initiation)
Concurrent therapy  |Per patient Report any medmatlons/ surgery/ radiation that the patient receives Recommended
beyond systemic chemotherapy
Molecular response |Per patient Yes/no of whether the patient has a molecular response Recommended
Molecular response Describe how the molecular response was defined including when the
P General response was assessed - consider including the following thresholds: [Recommended

*For assays that measure genetic alterations in multiple genes
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Assay Characteristics

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

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

Minimum Requirements for Assay Analytical Validation

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

Considerations Regarding CH Removal

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

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

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

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

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

Assay Sensitivity

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

For prospective trials assessing aNSCLC treated with 10, assays should be sufficiently sensitive such
that most patients in the planned trial will have ‘detected’ ctDNA at baseline. Approximately 70-85%
of patients with aNSCLC have detected baseline ctDNA when using an assay with a LoD ~0.1% VAF
(1000 ppm),’® 17 a range that should be considered when selecting an appropriate assay for use.
This approximation of detection is a lower range, as more sensitive assays would result in a greater
number of patients with detected ctDNA. We recommend that sponsors report their predetermined
ctDNA detection level cutoff and the rate of ctDNA detection at baseline.

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

Emerging Technology

To date, much of the work assessing associations between change in ctDNA levels and OS has
focused on measuring ctDNA levels by assessing tumor-derived variants (i.e., changes to the
genome sequence). There are a variety of emerging approaches for quantifying ctDNA that do not
rely only on sequence variants, including assessing changes in cfDNA methylation and cfDNA
fragment size distributions as well as physical properties of cfDNA fragments (i.e., the cell free DNA
fragmentome). As appropriate, characteristics included herein should be reported for these
emerging technologies so that their potential utility relative to currently established approaches can
be understood.
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Table 2. Minimum reporting requirements for assays to ensure there is transparency in how the diagnostic is
used and support considerations regarding poolability in the meta-analysis.

Characteristic

What should be reported

Recommendations

Limit of detection (LoD)

e LoD as reported by the diagnostics company
e Report whether this is LoD50 or LoD95

e Reportable range for values below LoD

e Approach to defining the LoD

e The LoD of the assay as reported by the assay
developer should be 0.3% VAF or lower

e Higher sensitivity assays may be worth
exploring

CH Removal Approach

e Approach to removing CH variants:
o Algorithm/machine learning- based
removal
o Tumor informed
o PBMC-analysis-based removal
e CH-specific false positive rate at the sample
level and variant level

e PBMC removal or tumor informed approaches
are preferred

e If using algorithmic removal, the assays should
clearly report limitations or uncertainties

Assay Characteristics

e Assay version (to account for potential
modifications over time)

e Number of genes and alterations measured and
gene names

e Detection threshold (cut-off) and approach to
determine detected vs. non-detected ctDNA

e Sponsors may choose to conduct all assays at
trial completion to avoid time-drift of assay
methodology which could add noise (or worse
confounding factors) to the trial specific data
set

Performance Data

e Limit of the Blank (LoB)

e Precision

e Accuracy

e Assay sensitivity and specificity

e Pre-analytical approach, including which
guidelines were followed

e Standardized protocols for sample collection,
storage, processing, and handling

e Assay sensitivity should ensure that most
patients in the planned trial have ‘detected’
ctDNA at baseline based on historical data

e Pre-analytical assessments should follow
established guidelines
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Timing of Sample Collection for ctDNA Assessment

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

Baseline Sample Collection

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

On-treatment Sample Collection

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

Frequency of Sample Collection

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

Durability of Response

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

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

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

Patient Inclusion Considerations

When performing the meta-analysis, there may be baseline characteristics (e.g., specific clinical
prognostic factors) that should be included in the analysis to assess their impact on the predictive
nature of ctDNA. Sometimes, patients with non-measurable disease at baseline by radiographic
assessment using RECIST guidelines are excluded from clinical trials. A parallel scenario is non-
detected ctDNA at baseline, which may be due to either the limited sensitivity of the assay or true
non-detectable ctDNA in the plasma sample. Either way, various reports demonstrate that non-
detected ctDNA at baseline is a prognostic biomarker.8 17:24.25 |n the ctMoniTR Project, most patients
with non-detected ctDNA at baseline also have non-detected ctDNA on treatment, which makes it
challenging to know whether the resulting associations with outcomes are related to the patient's
response to treatment. The serial non-detection can also be due to assay limitations (i.e., the
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patient’s tumor does not have a mutation in the gene panel), the assay’s LoD may not support the
detection of the mutation, or the volume of plasma was too low (i.e. by chance, insufficient tumor
DNA fragments were in the small sample).

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

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

Calculating Molecular Response

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

While it is agreed that change in ctDNA from a baseline to on-treatment should define a molecular
response, the approach to calculating change is yet to be determined. Most commonly, a change is
calculated as a percent change, which in the context of an aggregate analysis, accounts for assay
differences making it more poolable. Currently, a greater than 50% or 90% decrease in ctDNA levels
or ctDNA clearance is used to determine a molecular responder.®> 2627 One concern with this
approach is that patients with small VAFs at baseline (i.e., <1.0%) may have large percent changes
as VAF values become exponentially smaller, but these changes may not translate to biologically or
clinically relevant differences. Another potential concern is with the reliability of the numerical results
at low VAF. As such, a proposed method for calculating molecular response is to use absolute
change—though it is unclear how to apply this strategy in the context of an aggregate analysis
without comparability across assays. A third proposed method is to consider clearance of ctDNA
(i.e., ctDNA that becomes non-detected on treatment). Again, assay differences, including variations
in sensitivity, may influence results and contribute to differences in detection levels and this may
overly limit the population of patients who qualify as molecular responders.

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

Comparing Treatment Groups Using Molecular Response

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

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

Conclusions

We have outlined a variety of considerations for data collection in prospective clinical trials
assessing aNSCLC treated with |0 and incorporating ctDNA. The most critical recommendations for
alignment of study design and data collection are:

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

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

e Useanassay thatis sensitive enough to detect ctDNA in at least 70% of patients at baseline.
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e Report all relevant information as outlined in Table 1.

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

Background

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

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

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

Criteria to Establish for Study Inclusion in the Analysis

e Minimum number of patients per arm

e Minimum number of patients per arm have a MR

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

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

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

Patient Characteristics

Age

Sex

Race

Smoking status

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

PD-L1 expression

Others to be pre-defined

Clinical Characteristics

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

Radiographic measurements throughout the study (i.e., RECIST categories, sum of diameter

calculations, timing for RECIST measurements relative to treatment initiation in days)

Assay Characteristics

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

o Serum at blood draw

o Input volume for ctDNA assay
Performance Parameters

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

O O O O
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Descriptive Analyses
Various tabular and graphical summaries to describe:

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

Primary Endpoints for Evaluation of ctDNA as an Intermediate Endpoint

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

Primary Analysis for Individual Patient Level Assessment

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

Secondary Analyses for Individual Patient Level Assessment

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

Primary Analysis for Trial Level Assessment

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

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

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

Secondary Analyses for Trial Level Assessment

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

Substudies

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

Aspect Evaluated Description

Baseline ctDNA as a prognostic factor Include assessment of stratification in tertiles or
quintiles of outcomes by baseline values of ctDNA.

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

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

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

Value of ctDNA beyond other intermediate Addresses how ctDNA can be positioned alongside
endpoints such as PFS or ORR other intermediate endpoints (e.g., Is molecular
response more or less predictive than PFS or other
definitions of RECIST relative to 0S? Does MR have
a role in further stratifying patients with stable
disease?).
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