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Proceedings of a Workshop

WORKSHOP OVERVIEW!

In recent years, significant progress has been made in the clinical devel-
opment and use of various types of cancer immunotherapy, all of which rely
on the immune system to fight cancer.? The majority of new cancer drug
applications submitted to the Food and Drug Administration (FDA) are for
immunotherapies or combinations involving immunotherapies. One type
of immunotherapy is an immune checkpoint inhibitor. Cells in the human
body have proteins that regulate the immune system response to foreign
invaders (e.g., cancer cells, microorganisms). However, cancer cells can
coopt these “checkpoint” proteins and thwart the immune system’s ability
to recognize and attack cancer cells. To help promote an immune response

! The planning committee’s role was limited to planning the workshop, and the
Proceedings of a Workshop was prepared by the workshop rapporteurs as a factual summary
of what occurred at the workshop. Statements, recommendations, and opinions expressed
are those of the individual presenters and participants, and are not necessarily endorsed or
verified by the National Academies of Sciences, Engineering, and Medicine, and they should
not be construed as reflecting any group consensus.

2 For more information on immunotherapy in cancer, please see the National Cancer
Policy Forum workshop proceedings Policy Issues in the Clinical Development and Use of
Immunotherapy for Cancer Treatment. http:/[www.nationalacademies.org/hmd/Reports/2016/
policy-issues-in-clinical-development-immunotherapy-for-cancer-treatment.aspx (accessed
June 27, 2019).
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2 CANCER THERAPIES WITH IMMUNE CHECKPOINT INHIBITORS

to cancer, researchers have developed immune checkpoint inhibitors that
enable T-cells to recognize cancer cells as foreign and to prevent deactivation
of an immune system response. FDA approved the first immune checkpoint
inhibitor drug in 2011—an antibody that blocks the CTLA-4 receptor pro-
tein expressed on T-cells.? Since then, immune checkpoint inhibitor drugs
have also been developed to inhibit PD-1 (a regulatory receptor found on
T-cells) and PD-L1 (a receptor ligand that binds with PD-1 and is found
abundantly on cancer cells, as well as on some normal cells).4

Immune checkpoint inhibitors have changed the standard of care for
multiple types of cancer, and this progress has generated a great deal of new
drug development activity. However, immune checkpoint inhibitors are often
not curative, and there are still many types of cancer for which they have not
yet been effective. Samir Khleif, biomedical scholar and professor of oncology
at the Georgetown University Lombardi Comprehensive Cancer Center, said
it is commonly believed that the effectiveness of using immune checkpoint
inhibitors as monotherapy” for cancer treatment has plateaued. Consequently,
there is strong interest in combining checkpoint inhibitors with other can-
cer therapies to improve therapeutic effectiveness and patient outcomes. To
examine the challenges and opportunities to develop combination cancer
therapies that include immune checkpoint inhibitors, the National Cancer
Policy Forum held a workshop, Advancing Progress in the Development
of Combination Cancer Therapies with Immune Checkpoint Inhibitors.
This workshop, held July 16-17, 2018, in Washington, DC, convened
stakeholders with a broad range of expertise, including cancer researchers,
clinicians, patient advocates, and representatives from industry, academia,
and government. Presentations and panel discussions examined the current
treatment landscape and various aspects of combination therapy development
with PD-1/PD-L1 immune checkpoint inhibitors, including

 Strategies to select combinations for testing;
e 'The role of biomarkers;

3 See https://news.bms.com/press-release/rd-news/fda-approves-yervoy-ipilimumab-
treatment-patients-newly-diagnosed-or-previousl (accessed February 15, 2019).

4 Examples of PD-1 and PD-L1 drugs include pembrolizumab, nivolumab, cemiplimab,
atezolizumab, avelumab, and durvalumab. See https://www.cancer.org/treatment/treatments-
and-side-effects/treatment-types/immunotherapy/immune-checkpoint-inhibitors.html
(accessed February 15, 2019).

> Monotherapy is the use of a single cancer treatment, whereas combination therapy involves
two or more therapies or modalities (e.g., drugs, radiation therapy, or surgery) in a regimen.
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PROCEEDINGS OF A WORKSHOP 3

* Strategies to improve clinical trial design;
* Regulatory challenges and opportunities; and
* The use of data sharing and real-world evidence.

Roger Dansey, chief medical officer at Seattle Genetics, said that this
workshop provides an opportunity for reflection on the past and future
trajectory of PD-1/PD-L1 drug development. He noted that the explosion
of PD-1/PD-L1 development is due to the availability of new agents with
novel mechanisms of action, broad potential applicability across many
cancer types, industry momentum in driving PD-1/PD-L1 programs for-
ward, and the need for more effective cancer therapies that improve patient
outcomes. Given these factors, Dansey said that clinical trials for PD-1/
PD-L1 drug development “have preceded and run somewhat ahead of the
science.” Thus, this workshop could serve as the “perfect time to hit the reset
[button] and think through [how] we can do this more intelligently, more
thoughtfully, more rationally, and [more collaboratively],” said Dansey.
Khleif echoed these sentiments, and emphasized that careful thought and
planning are needed to advance progress.

This Proceedings of a Workshop highlights a number of suggestions
from individual participants regarding potential ways to improve the devel-
opment of combination therapies using PD-1/PD-L1 immune checkpoint
inhibitors. These suggestions are discussed throughout the proceedings and
are summarized in Box 1. Appendix A includes the workshop Statement of
Task and Appendix B lists the workshop agenda. Workshop presentations
and the webcast have been archived online.®

THE LANDSCAPE FOR IMMUNE
CHECKPOINT INHIBITOR THERAPY

Several workshop speakers provided an overview of the current land-
scape of PD-1/PD-L1 development and use in clinical practice. Ramy
Ibrahim, chief medical officer of the Parker Institute for Cancer Immu-
notherapy, said that six drugs targeting either PD-1 or PD-L1 have been
approved by FDA to treat 14 types of cancer and for one histology-agnostic
indication (Tang et al., 2018¢). He added that a 2017 Cancer Research
Institute analysis found 164 active agents against PD-1/PD-L1 in the

¢ See http://nationalacademies.org/hmd/Activities/Disease/NCPF/2018-JUL-16.aspx
(accessed June 27, 2019).
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BOX 1
Suggestions from Individual Workshop Participants
to Improve the Development of Combination Cancer
Therapies with Imnmune Checkpoint Inhibitors

Prioritizing Combination Strategies

e Pursue rational, science-based combination approaches. (Chen,
Ibrahim, Jaffee, Khleif, Perkins, Theodorescu)

* Prioritize combinations in which both agents have demonstrated
independent action and supportive preclinical mechanistic data.
(Schmidt)

* Develop a comprehensive database of clinical trials testing dif-
ferent combination strategies with immune checkpoint inhibitors,
and include information on trial outcomes and biospecimens col-
lected as part of the trial protocols. (Herbst)

e Conduct research to understand why certain combination strate-
gies are ineffective, despite early signals of activity. (Ibrahim)

Improving Development and Validation of Biomarkers

* Collect, process, and store biospecimens under standardized
conditions to advance biomarker discovery and development.
(Butterfield, Weiner)

* Develop methodologies to identify and validate biomarkers to
predict response to combination therapies, including those that
characterize the tumor microenvironment and targeted signaling
pathways. (Chen, Daud, Jaffee, Rimm)

* Standardize assays for biomarker testing. (Rimm)

* Leverage new technologies and methodologies for biomarker
discovery and development. (Butterfield, Izar, Jaffee, Shipp)

e Conduct additional research to better characterize the influence
of the microbiome on responsiveness to immune checkpoint
inhibitor therapies. (Jobin)

* Develop a national registry to collect data on the clinical use of
site-agnostic biomarkers and consider drug-labeling changes

immunotherapy development pipeline (Tang et al., 2018b); in 2018, this
number rose to 196 (Tang et al., 2018a). PD-1/PD-L1 drugs are just one
component of the larger phenomenon of immunotherapy development,
which includes immune modulator drugs, cancer vaccines, cell therapies,
oncolytic viruses, and CD3-targeted bispecific antibodies. In just 1 year,
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based on accumulating knowledge about patient outcomes.
(Schilsky)

Enhancing Efficiency and Patient-Centeredness of Clinical Trials

* Design clinical trials to answer questions that are important to
patients, including quality-of-life outcomes. (House, Perkins)

* Expand clinical trial eligibility criteria to better reflect real-world
patient populations. (Daud, Perkins)

* Improve accessibility of clinical trials for patients receiving cancer
care in community settings. (Dansey, Herbst, Hopkins, Perkins)

e Conduct research to determine which endpoints best reflect
treatment effects of combination therapies with immune check-
point inhibitors. (Jaffee, Tarhini, Theoret)

» Better integrate biomarkers in clinical trial designs. (Herbst,
Rimm)

* Use master protocol trial designs to more efficiently evaluate
combination therapies using immune checkpoint inhibitors.
(Herbst, lbrahim, Tarhini)

* Reduce the number of patients assigned to control arms of clini-
cal trials that test similar combinations by considering use of a
shared or external control arm. (Boshoff, Chen, Dansey, Herbst,
McKee, Murphy, Pazdur)

e Submit cross-labeling applications to the Food and Drug
Administration to help guide selection of combination therapies.
(McKee)

Sharing Data and Leveraging Real-World Data

* Use real-world data to inform the design of clinical trials, espe-
cially in selecting the current standard of care for comparator
arms. (Abernethy)

* Ensure that real-world datasets used to support regulatory deci-
sion making are high quality. (Abernethy)

* Discuss and share lessons learned from successful data-
sharing collaborations in order to encourage subsequent efforts.
(Abernethy, Singal)

there was a 67 percent increase in the number of active immunotherapy
agents in the development pipeline: from 2,031 in September 2017 to
3,394 in September 2018 (Tang et al., 2018a).

Ibrahim said the number of clinical trials evaluating combination
therapies using PD-1/PD-L1 drugs is increasing rapidly (see Figure 1a). The
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most common type of combination is a PD-1/PD-L1 drug with another
immunotherapy drug, but PD-1/PD-L1 drugs are also being evaluated
in combination with targeted therapies, chemotherapy, radiation therapy,
radiation therapy plus chemotherapy, as well as other multi-way combina-
tion strategies. He noted that the largest share of clinical trials evaluating
combination therapy with PD-1/PD-L1 drugs involves CTLA-4 inhibitors,
but a growing number of clinical trials are assessing PD-1/PD-L1 drugs in
combination with chemotherapy (see Figure 1b).

Ibrahim said there is strong scientific rationale for pursuing combina-
tion strategies using immune checkpoint inhibitors. However, conflicting
clinical trial results with different combination strategies point to the chal-
lenges and complexities involved. In addition, preclinical findings may
not be predictive of results in human trials. For example, in the context of
prostate cancer, he said that preclinical evidence suggested radiation therapy
plus immune checkpoint inhibitor therapy could provide a synergistic
effect.” Researchers had hypothesized that radiation-induced cell death
would release tumor antigens that would enhance the antitumor activity of
a CTLA-4 inhibitor in patients with metastatic, castration-resistant prostate
cancer. “Unfortunately things are not that simple,” said Ibrahim, who noted
there was no significant difference in overall survival among the patients
receiving radiation therapy plus CTLA-4 immunotherapy versus those
receiving radiation therapy plus placebo (Kwon et al., 2014).

However, Ibrahim said that when a PD-1 drug was given following
chemotherapy plus radiation therapy for patients with unresectable stage
I non-small cell lung cancer (NSCLC), researchers found significantly
longer progression-free survival (Antonia et al., 2017). In addition, combin-
ing a PD-1 drug with chemotherapy as first line therapy for patients with
advanced NSCLC resulted in significant improvements in overall response
rate and progression-free survival, as well as a favorable trend toward overall

survival (Borghaei et al., 2019).

The Impact of Inmune Checkpoint Inhibitors on Cancer Treatment

A number of workshop participants described the striking effect that
immune checkpoint inhibitor therapy has had on cancer care. Amy Aber-
nethy, who at the time of the workshop was chief medical officer, chief

7 A synergistic effect is when two or more therapies combined have a greater effect than
the sum of the effects when each therapy is given in isolation.
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scientific officer, and senior vice president, oncology at Flatiron Health,?
illustrated the large uptake of PD-1/PD-LI therapy for patients with lung
cancer over time (see Figure 2). In some cases, patients with advanced can-
cers and poor prognoses have achieved very durable responses and extended
survival with PD-1/PD-L1 therapy. However, a number of workshop
speakers noted that many patients do not benefit from immune check-
point inhibitor therapy, and other patients benefit initially, but go on to
develop resistance. Determining who is most likely to benefit from immune
checkpoint inhibitor therapy has been an ongoing challenge, and multiple
biomarkers to improve patient selection for therapy are in development or
in use (see section on Biomarkers in Development or in Use for Immune
Checkpoint Inhibitor Therapies).

Adverse events associated with immune checkpoint inhibitor therapy
are also quite different from those experienced with other types of cancer
therapy; similarly, dosing, therapeutic responses, and response timelines
are markedly different from other cancer therapies (NASEM, 2016). With
the rapid implementation of immune checkpoint inhibitor therapies into
clinical practice, education is critically important, said Una Hopkins,
administrative director of the cancer program at White Plains Hospital.
Community-based oncologists, as well as other clinicians who care for
patients with cancer, need to be aware of the potential adverse effects that
patients might experience with immune checkpoint inhibitor therapies, as
well as how to best intervene to mitigate these effects.

Roy Herbst, Ensign Professor of Medicine, chief of medical oncology,
and director of the thoracic oncology research program at the Yale Cancer
Center, said the advent of immune checkpoint inhibitors has ushered in a
new era in lung cancer treatment (Herbst et al., 2018; Kazandjian et al.,
2016). Herbst noted that three checkpoint inhibitor therapies—nivolumab,
pembrolizumab, and atezolizumab—have been approved for patients with
refractory’ NSCLC. In some cases, immune checkpoint inhibitor therapy
has led to very durable treatment responses. For example, Herbst said one
of the first patients with refractory NSCLC treated with nivolumab had a
complete response to the therapy and is still healthy 8 years later. However,

8 In February 2019, Dr. Abernethy became Principal Deputy Commissioner of Food and
Drugs at the Food and Drug Administration (FDA). The views expressed in this proceedings
do not necessarily represent the official views or policies of FDA.

9 Refractory describes a disease that does not respond to treatment. See hteps://www.
cancer.gov/publications/dictionaries/cancer-terms/def/refractory (accessed March 19, 2019).
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Herbst said this exceptional response to treatment is usually limited to only
10-15 percent of patients. He added that more than 50 percent of patients
with lung cancer who receive immune checkpoint inhibitor therapy will
eventually develop acquired resistance, illustrating that there is much room
for improvement in patient outcomes.

Herbst described ongoing efforts to identify and validate biomarkers
to better identify patients who will likely benefit from immune check-
point inhibitor therapy. For example, he said high expression of PD-LI
in tumor cells (in at least 50 percent of cells) correlated with improved
efficacy of pembrolizumab (Garon et al., 2015). However, more recently,
researchers found that pembrolizumab improved overall survival compared
with chemotherapy as first-line treatment for patients with advanced lung
cancer whose PD-L1 expression level was greater than 1 percent (Lopes et
al., 2018). Herbst stressed that additional work is needed to refine existing
biomarkers and identify and validate new biomarkers.

Herbst added that investigators are evaluating combination therapy
strategies in lung cancer, including combinations with targeted therapies,
other checkpoint inhibitors, and chemotherapy. For example, he noted that
the KEYNOTE 189 clinical trial showed that pembrolizumab combined
with chemotherapy increased overall survival and progression-free survival
in patients with metastatic NSCLC compared with chemotherapy plus
placebo (Gandhi et al., 2018). He said this was a significant advance, but
noted that two-thirds of patients receiving the combination still experienced
disease progression at 1 year.

Herbst stressed that progress in improving patient outcomes will
require additional work to better understand and appropriately deploy
immune checkpoint inhibitor therapies. He noted that it has taken more
than 20 years to develop effective strategies for targeted cancer drugs. “Now
the same must be done for immuno-oncology, with even additional com-
plexity,” he said, adding that immune checkpoint inhibitor therapies need
to be evaluated in earlier stages of disease and in new types of cancers, and
that investigators should leverage biomarkers to better determine mecha-
nisms of sensitivity and resistance to better personalize immunotherapy.

Understanding Resistance to Immune Checkpoint Inhibitor Therapy

Several speakers discussed the challenge of resistance to immune
checkpoint inhibitor therapies. Ibrahim said several strategies to overcome
resistance to PD-1/PD-L1 are being tested, but results thus far have not
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been very encouraging and there is a need to better understand the biology
of resistance.

Herbst differentiated between primary and acquired resistance to
immune checkpoint inhibitor therapies. Primary resistance occurs when
there is no initial response to immune checkpoint inhibitor therapy; with
acquired resistance, there is an initial response to therapy, but then a patient
relapses or no longer experiences a response (Kim et al., 2018). He said a
better understanding of the complex tumor microenvironment!? and the
mechanisms underlying these types of resistance are key for improving
combination therapy development. Elizabeth Jaffee, professor of oncology
at Johns Hopkins University, added that the tumor microenvironment has
multiple signaling pathways for suppressing T-cell trafficking and antitumor
activity (Cui and Guo, 2016), but “we have yet to understand how these
different signaling pathways interact to alter the balance between cancer
development and anticancer immunity.”

Jaffee, Herbst, and Daniel Chen, vice president and global head for
cancer immunotherapy development at Genentech/Roche, described three
immune phenotypes (inflamed tumor, immune-excluded tumor, and
immune desert tumor) as a way to understand why some tumors are more
likely to be resistant or sensitive to immune checkpoint inhibitor therapies
(Chen and Mellman, 2017; Herbst et al., 2014). An inflamed tumor has
infiltration by several subtypes of immune cells, and is generally correlated
with higher responses to PD-1/PD-L1 therapy. Non-inflamed (or “cold”)
tumors—both immune-excluded and immune desert phenotypes—are
more likely to have lower responses to checkpoint inhibitor therapies (Chen
and Mellman, 2017).

Khleif further described mechanisms of immunotherapy resistance.
He said that intrinsic tumor biology plays a role in primary resistance, and
includes factors such as a lack of antigen presentation, and a T-cell deprived
or immune-suppressive tumor microenvironment. For example, cancer cells
can promote T-cell exclusion from the microenvironment through beta
catenin signaling (Spranger et al., 2015).

Khleif said there are also treatment-specific mechanisms of resistance,
such as low PD-L1 expression in some cancers or organs, or the presence of

19 The tumor microenvironment is composed of the normal cells, molecules, and blood
vessels that surround a tumor cell. A tumor can alter its microenvironment, which can affect
cancer growth and response to therapy. See https://www.cancer.gov/publications/dictionaries/
cancer-terms/def/tumor-microenvironment (accessed April 9, 2019).
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mutations. For example, one study found that mutations in the JAK-STAT
pathway interfere with interferon-gamma receptor signaling and antigen
presentation, contributing to acquired resistance (Zaretsky et al., 2016).
Khleif said that resistance may also occur due to incompatibility of
combined immunotherapies (where immunotherapies do not work together
in an additive or synergistic manner, and instead may negate each other’s
effects) or immunotherapy-biologic incompatibility (where one component
of an immunotherapy combination alters the tumor microenvironment such
that the other component of the combination is unable to work as intended).

STRATEGIES FOR COMBINATIONS
WITH PD-1/PD-L1 INHIBITORS

A number of workshop speakers described the rationale and strategies
for testing immune checkpoint inhibitors in combination with other thera-
pies. Jaffee said investigators are seeking to accomplish three primary goals
by testing combination therapies:

* Enhancing efficacy of a single immune checkpoint inhibitor in an
inflamed tumor;

* Increasing response to immunotherapy among patients with cold
tumors; and

* Achieving higher response rates and more durable responses among
patients who respond to immune checkpoint inhibitor therapies.

Chen noted that selecting potential combination strategies with
immune checkpoint inhibitors is quite challenging because these drugs
are broadly active, with complex biological effects on orthogonal signaling
pathways. He added that a complex set of tumor, host, and environmental
factors govern the strength and timing of anticancer immune responses
(Chen and Mellman, 2013, 2017).

Khleif and Jaffee emphasized that investigators are exploring a variety
of combination strategies to improve efficacy of immune checkpoint inhibi-
tors and to overcome resistance, such as PD-1/PD-L1 therapies with other
checkpoint inhibitors; targeted therapies; epigenetic agents; immune ago-
nists; vaccines; chemotherapy; radiation or chemoradiation; and chimeric
antigen receptor T-cell therapy. Chen added that combination strategies
with immune checkpoint inhibitors could also be classified as combinations
with the following:
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* A standard-of-care regimen;

* An established in-class therapeutic;

* An investigational indication for an established agent; or
* A new molecular entity (new indication).

Katrin Rupalla, head of global regulatory strategy—oncology at Bristol-
Myers Squibb, noted that combination strategies are more challenging if
both agents have new mechanisms of action or are less-established agents
in a specific indication.

Demonstration of Independent Action Versus
Mechanism-Based Preclinical Data

Emmett Schmidt, lead of external collaborations at Merck Research
Laboratories, described two approaches for selecting potential combinations
in drug development: (1) selecting two therapies with demonstrated inde-
pendent action versus (2) selecting combinations with mechanism-based
preclinical data (Palmer and Sorger, 2017; Sharma et al., 2017).

Schmidt noted that historically, combination approaches in oncology
have focused on combining agents with independent action. This approach
is exemplified by clinical trials conducted by the Children’s Oncology
Group, in which progressive improvements in the efficacy of multi-agent
chemotherapy regimens have been achieved using trial designs with the
standard of care plus an add-on chemotherapy agent. He said this approach
has been very successful; the survival rate for childhood leukemia has risen
dramatically from less than 10 percent in the 1960s to 90 percent today
(Hunger and Mullighan, 2015).

Rupalla said that the checkpoint inhibitors nivolumab and
ipilimumab—both approved as monotherapies—each have independent
anticancer activity (Brahmer et al., 2010; Hamid and Carvajal, 2013;
Topalian et al., 2012; Wang et al., 2014), and clinical data suggested that
the combination would have greater activity and result in a better response
among certain patient populations (Hammers et al., 2017; Larkin et al.,
2015; Motzer et al., 2015). There are now three approvals for this combi-
nation: first line therapy for patients with unresectable or metastatic mela-
noma, first line therapy for patients with advanced renal cell carcinoma, and
third line therapy for patients with metastatic colorectal cancer that has high
microsatellite instability (MSI-H).
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Khleif said preclinical models play an important role in identifying
promising combination strategies using immune checkpoint inhibitor
therapies, as well as identifying combinations that are unlikely to be effec-
tive. For example, investigators have conducted early-phase clinical trials of
immune checkpoint inhibitors combined with an OX-40 T-cell receptor
agonist (Aspeslagh et al., 2016), but he said data from a preclinical mouse
model indicate that adding a PD-1 inhibitor to an OX-40 agonist and a
tumor vaccine negates the effects of the OX-40 inhibitor/vaccine combina-
tion (Shrimali et al., 2017). “Science [should] guide us [on] how to move
forward putting together combinations,” Khleif said.

Dan Theodorescu, director of the Samuel Oschin Comprehensive
Cancer Center, added that functional genomics and preclinical models
can also be leveraged to identify potential drugs to enhance the activity
of immune checkpoint inhibitors (Tu et al., 2019). Using this approach,
Theodorescu and colleagues identified a drug target, DDR2 (discoidin
domain receptor 2) and evaluated potential FDA-approved drugs that
target DDR2. Using preclinical mouse models representing five tumor
histologies—bladder, breast, colon, sarcoma, and melanoma—Theodorescu
and colleagues found that treatment with a DDR2 inhibitor (dasatinib)
increased sensitivity to a PD-1 inhibitor compared with monotherapy (Tu
etal,, 2019). Theodorescu said these animal results are exciting, but he also
cautioned that his mentor was fond of saying that we have been curing mice
of cancer for decades, without equivalent progress in humans. “So when I
see these [results] I remember those words, and I wonder then what can we
do to make sure that we optimize these preclinical models so their [effec-
tiveness] in actual patients is higher,” said Theodorescu. Schmidt agreed,
and added that a major vulnerability of the mechanism-based approach to
selecting potential combination strategies is the lack of representativeness
of available preclinical models to reflect the diversity of human cancers and
the immune environments of human tumors.

Schmidt said Merck has used both independent action and
mechanism-based data to identify promising combination strategies with
pembrolizumab. “Half of the trials have been motivated by combining
things that have their own activity,” and the other half of clinical trials have
been mechanism-driven, Schmidt said. He described the experience with
a combination of pembrolizumab plus epacadostat, for which mechanism-
based data suggested meaningful synergy, even though epacadostat had no
independent activity as a monotherapy. A Phase I/1I trial of the combina-
tion demonstrated promising antitumor activity in patients with advanced
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melanoma (Hamid et al., 2017). However, the combination failed in a
Phase III registration trial; in patients with unresectable or metastatic mela-
noma, the combination did not result in greater clinical benefit compared
with pembrolizumab monotherapy (Long et al., 2018).

Chen noted that thus far, the biggest successes with combinations using
immune checkpoint inhibitors have been with combinations of agents that
have independent action. Chen said:

I do wonder whether [we should] rapidly prioritize and push forward those

studies where we combine multiple active agents. And that doesnt mean

that you can’t have a combination where one drug doesn’t have single-agent

activity, but perhaps that should be the minority of the studies moving
forward.

Chris Boshofl, senior vice president and head of immuno-oncology at
Pfizer Inc., agreed that combining two active agents is key, and he suggested
that the next challenge is to better understand who benefits from which
components of a particular combination. Boshof! said,

We can have two active agents, but when you combine them, there may be

independence—meaning one population benefits from one, and another

small population benefits from the other—and there are very few patients

actually benefiting from both agents. . . . We dont want to expose patients to
two drugs if they can benefit from one.

Khleif voiced concerns about prioritizing combinations with indepen-
dent activity:

I believe that if you have biologic data, [they are] what should guide us. The

mere fact that one drug does not work on its own in immunotherapy, in my

opinion, [isn’t a sufficient reason] not to combine it. . . . Some drugs might

be very powerful in combination because the other drug is waiting for this
change or this manipulation to happen to work better.

Jaffee agreed that science needs to drive the rationale for combinations,
and added that improved knowledge of the following could aid in the devel-
opment of optimal combination strategies:

e Inhibitory pathways that are co-expressed or upregulated in
response to the PD-1/PD-L1 blockade;

e DPrimary and adaptive resistance to PD-1/PD-L1 blockade;

* The specific immune-suppressive populations within the tumor
microenvironment; and
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* Agonist signals that may enhance T-cell activation, prevent T-cell
exhaustion,!! and induce immune memory.

Schmidt hypothesized that perhaps the best combination strategies
may result when both independent action and mechanism-based data sup-
port the use of a combination (see Box 2). “I think where were going to
achieve the greatest progress is probably where we use both of these sets of
reasoning,” said Schmidt.

Sequencing Administration of Combination Strategies

Several speakers noted that sequencing of drug administration is an
important consideration in the development of combination strategies.
“The order of administration of checkpoint inhibitors makes a huge differ-
ence to the ultimate response rate and outcome,” said Adil Daud, professor
of medicine and dermatology and director of the melanoma program at the
University of California, San Francisco. For example, a Phase II trial found
that patients with advanced melanoma who received nivolumab followed
by ipilimumab had a better clinical response than patients who first received
ipilimumab followed by nivolumab, although the former group also had a
higher frequency of adverse events (Weber et al., 2016).

Herbst said more research should focus on sequencing strategies in
combinations involving immune checkpoint inhibitors and chemotherapy.
He said some patients might benefit from receiving immunotherapy fol-
lowed by chemotherapy, and some of the Cooperative Groups are beginning
to conduct these trials. Schmidt noted that sequencing had been critical to
improvements in pediatric leukemia treatment.

Prioritization and Redundancy

A recurring theme at the workshop was the sheer quantity of research
on immune checkpoint inhibitor therapies, and the implications for
advancing progress in developing effective therapeutic approaches for
patients with cancer. Herbst noted that cancer immunotherapy develop-
ment has been described as a conundrum: Too many experimental drugs
are being evaluated in too many clinical trials, and not enough patients are

""T-cell exhaustion is a condition that can prevent optimal control of infections or tumors
due to dysfunctional T-cell performance (Wherry, 2011).
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BOX 2
PD-1/PD-L1 Inhibitors in Combination
with VEGFR Inhibitors

Emmett Schmidt, lead of external collaborations at Merck
Research Laboratories, said that a number of companies are
exploring combinations with immune checkpoint inhibitors and
vascular endothelial growth factor receptor (VEGFR) inhibitors. He
noted that this combination strategy is supported by both indepen-
dent activity and mechanism-based reasoning (Huang et al., 2012;
Suzuki et al., 2010; Tian et al., 2017; Vergote et al., 2013; Yasuda
et al., 2013).

Daniel Chen, vice president and global head for cancer immu-
notherapy development at Genentech/Roche, agreed. He said a
Phase lll trial conducted by Genentech/Roche found that the combi-
nation of atezolizumab (PD-L1 inhibitor) and bevacizumab (VEGFR
inhibitor) plus chemotherapy significantly improved progression-
free survival among patients with metastatic, non-squamous, non-
small cell lung cancer (Socinski et al., 2018). Genentech/Roche is
currently evaluating this combination in patients with hepatocellular
carcinoma (Stein et al., 2018).

Chris Boshoff, senior vice president and head of immuno-
oncology at Pfizer Inc., added that Pfizer Inc. is also assessing
a VEGFR inhibitor in combination with an immune checkpoint
inhibitor. Modeling and simulation indicated that the combination of
avelumab (PD-L1 inhibitor) plus axitinib (VEGFR inhibitor) would
have a greater effect on tumor burden than sunitinib, the standard of
care for renal cell carcinoma (RCC) (Zheng et al., 2017). Based on
data from a Phase | trial of the combination, which found promising
antitumor activity in patients with treatment-naive advanced RCC
(Atkins et al., 2018), Pfizer Inc. is currently evaluating the combina-
tion in a Phase Il trial.

available to participate in this research (Kolata, 2017). “I don’t think there
are too many trials; there just aren’t enough of the right trials, and [enough]
scientifically guided trials,” Herbst said.

The lack of comprehensive documentation of the landscape of immune
checkpoint inhibitor clinical research and development is a significant chal-
lenge. “I think it would be a great resource if one of the foundations or groups
put together lists of what is being studied and for what disease,” Herbst said.
He noted that clinicaltrials.gov, for example, doesn’t often include all early-
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phase studies, or information such as how many patients enrolled, the trial
outcomes, and the biospecimens that were collected as part of the trial.

Schmidt added that “I don’t think that any of us would think that we
should stop this pace.” He said the influx of activity is in direct response to
unmet medical need among patients with cancer. Dansey noted that one of
the concerns is whether we are getting maximum value out of the current
approach. Herbst said a controlled effort is needed, with many trials, but
also more effort to better define the role of biomarkers with combination
therapies.

Dansey said the vast number of clinical trials with immune checkpoint
inhibitors sounds daunting, but he noted that most of these trials are small,
investigator-initiated signal-finding studies with 20 to 40 patients. Dansey
said,

We can all understand why there is so much enthusiasm. There is a brand new

class of agents that can really change the landscape . . . and constraining sci-

entific discovery because the number of trials seems to be too high, from my

perspective, seems like we are potentially getting concerned about a problem
that actually may not really exist.

Ibrahim agreed with Dansey that innovation often stems from
investigator-initiated studies, but described a number of challenges with
these studies, including redundancy, their relevancy in moving the field
forward, and the availability of the results. “In many cases, the same ques-
tion is being asked by a different scientist [and] sometimes the data that
we see from [these] studies cannot really inform next steps,” Ibrahim said.
He added that there is a bias in publishing positive results, but the negative
results could be just as informative.

Ibrahim compared the current drug development approach to the anal-
ogy of throwing spaghetti at the wall. He said there is an urgent need to learn
from the existing data, and not add to the confusion with the deluge of ongo-
ing immunotherapy research. While many people are focusing on developing
the next combination therapy, Ibrahim noted that “there are very few who are
spending time to try to understand why certain combinations did not work,
or why are we seeing an early signal of activity, but then when you take it
into a larger clinical trial, you don't see the same effect.” Chen said he hopes
the future of combination immunotherapy development will focus on more
rational, science-based approaches. “I think [what] we've seen is a prolifera-
tion of a lot of studies, duplication of the same scientific hypothesis repeatedly.
I've questioned how much we've actually learned, at least in the combination
immunotherapy space, from throwing spaghetti against the wall.”
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Louise Perkins, chief science officer of the Melanoma Research Alli-
ance, cautioned that combination therapy strategies too often focus on con-
venience rather than on the underlying scientific rationale. Ibrahim agreed,
and stressed that it is critical to prioritize research based on the strongest
scientific hypotheses, rather than the most readily accessible combinations
within a single development pipeline.

Workshop speakers also noted that the large number of clinical trials
with very similar research questions may exhaust the number of potential
patients enrolling in clinical trials. Ibrahim said that just because two agents
combine well in terms of safety, that is not sufficient justification for testing
the combination. Richard Pazdur, director of the FDA Oncology Center of
Excellence, said FDA has encouraged industry sponsors to use a common
control arm, due in part to the experience with clinical trials investigating
immune checkpoint inhibitor combinations in renal cell cancer. Boshoff
and others said that in the past 3 years, more than 2,000 patients with
renal cell cancer have participated in different clinical trials, all with the
same control arm therapy (sunitinib). Dansey questioned whether five
different randomized trials with 2,000 patients were necessary in this case.
“From an individual company perspective, it makes complete sense. From
a broader patient resource perspective, actually it doesn’t make any sense
at all,” Dansey said. Boshoff said that “hopefully in the future we can all
work together and use this database of sunitinib outcomes in these Phase I1I
studies as a potential synthetic arm.”

Steven Lemery, associate director of the FDA Division of Oncology
Products 2, agreed there is a lot of redundancy. “I don’t know if it’s the best
use of resources, [but] I can't criticize any one company for developing a
drug. This is the system we have today,” said Lemery.

Chen added that this is a remarkable era of immunotherapy develop-
ment, where

we can talk about subtle differences between PD-1 and PD-L1 inhibitors .
. . but the real challenge will be developing the next-generation molecule in
this pathway. . . . Spending a ton of resources on developing 20 drugs that
are very similar probably isn’t the best way to approach this, and we’re better
off focusing on making a breakthrough.

Regulatory Considerations

Amy McKee, acting deputy director of the FDA Oncology Center
of Excellence, provided an overview of FDA’s guidance on combination
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therapy development. She provided key definitions relating to combina-
tion therapy development:

* Regimen: Two or more therapeutic products that are marketed
separately, but are approved for use in combination based on one
or more adequate and well-controlled trials.

* Cross-labeling: The inclusion of information in product labeling
of two (or more) oncology products approved in a combination
regimen for a specific indication.

More than a dozen applications are pending in the FDA Office of
Hematology and Oncology for cross-labeling. She said these applications
range from cross-labeling of two novel agents (both New Drug Applications
[NDAs] and Biologics License Applications [BLAs]) to cross-labeling of two
supplemental indications, and everything between those points.

Historically, FDA has required evidence for the contribution of effect
for each agent in a regimen for which a label indication is sought. How-
ever, McKee said the ongoing consideration is the level of evidence that is
acceptable for demonstration of the contributions for each component in
the regimen. For companies developing novel-novel regimens, she noted
that development and cross-labeling should follow the guidelines set forth
in the FDA guidance on co-development.'?

McKee said that when reviewing cross-labeling applications, FDA has
to consider the current regulatory status of the product:

Is it approved or a new molecular entity? Is it approved in a specific disease or
setting? What are all the available data that we have about a particular prod-
uct, so that we can include it in the evaluation of a cross-labeling application?
Is it a standard-of-care product in the community, even if it is not labeled as
such? Is it new in that disease context, whereby we would probably require
more information about that product? Is there a biologic rationale for why
we should [potentially] cross-label across disease settings?

McKee provided several examples of recent cross-labeling approvals
to help illustrate FDA’s thinking on acceptable levels of evidence for these
decisions (see Box 3). She encouraged the drug development community
to submit cross-labeling applications, noting that this could help address
some of the redundancy in immune checkpoint inhibitor development. She

12 See https://www.fda.gov/ucm/groups/fdagov-public/@fdagov-drugs-gen/documents/
document/ucm236669.pdf (accessed April 24, 2019).
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BOX 3
Examples of Recent Cross-Labeling Approvals

Amy McKee, acting deputy director of the Oncology Center of
Excellence at the Food and Drug Administration (FDA), discussed
three recent cross-labeling approvals.

Dabrafenib Plus Trametinib

This approval was for cross-labeling of the combination of dab-
rafenib (a BRAF kinase inhibitor) and trametinib (a MEK inhibitor)
for melanoma (for adjuvant and metastatic indications), non-small
cell lung cancer (NSCLC), and anaplastic thyroid cancer.

The initial indication for patients with metastatic melanoma was
based on two randomized trials:

* dabrafenib plus trametinib versus dabrafenib as monotherapy
e dabrafenib plus trametinib versus vemurafenib

In both trials, the primary endpoint was overall survival; overall
response rate was also assessed in both trials. McKee added that
dabrafenib had already been approved in this setting as a mono-
therapy, based on a randomized trial that included progression-free
survival and overall response rate endpoints.

McKee added that the indications for NSCLC, anaplastic thy-
roid cancer, and adjuvant therapy for melanoma were based on
data from both randomized and single-arm trials. These included
data on the overall response rate of dabrafenib as a monotherapy
in the same/similar setting, understanding of the biology of BRAF
mutations and targeted therapy in for other cancers, and evidence
from prior approvals with dabrafenib plus trametinib. “With each
new approval, we have had evidence from other disease areas,
which has given us confidence that both of these products together
contributed to the overall effect, and so we have labeled both prod-
ucts with all of these indications,” said McKee.

Pemetrexed Plus Pembrolizumab/Carboplatin

FDA approved the combination of pemetrexed plus pembroli-
zumab/carboplatin for first-line therapy of metastatic NSCLC as an
accelerated approval. McKee noted that this approval was initially
based on overall response rate and progression-free survival, with
a post-marketing requirement to provide overall survival results
from a randomized trial in the same setting (a post-marketing require-
ment for both the pembrolizumab and pemetrexed applications).

continued
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BOX 3 Continued

McKee noted that pemetrexed already had multiple drug approv-
als for use in patients with NSCLC, and there were substantial data
in the literature supporting use of pemetrexed for patients with
NSCLC, both as a monotherapy and in combination with platinum
chemotherapy. “In addition, we had evidence of monotherapy effect
from pembrolizumab in this setting, so we knew that pembrolizumab
alone could not produce the same effect that pembrolizumab did with
pemetrexed and carboplatin in combination,” McKee said.

FDA granted the approval based on the published data and did
not require a multi-arm trial to isolate the effect of pemetrexed. “We
felt in the agency that it would be difficult and perhaps unethical to
conduct a multi-arm trial in which pemetrexed effect was isolated as
a monotherapy in relation to the three-drug combination regimen,
given pemetrexed’s position as a standard of care in this setting.”

Fulvestrant Plus Palbociclib or Abemaciclib

McKee said FDA approved cross-labeling for fulvestrant plus
palbociclib or abemaciclib for women with HER2-negative, hormone
receptor-positive advanced breast cancer, after progression on
endocrine therapy. This approval was based on clinical trial data on
overall response rate, with progression-free survival as a second-
ary endpoint. McKee noted there is a post-marketing requirement
to provide overall survival results from a randomized controlled trial
in the same setting.

She said that fulvestrant had multiple approvals as a mono-
therapy for women with advanced breast cancer (as a first line in
patients with hormone receptor-positive, HER2-negative cancers,
and as a monotherapy after hormonal therapy in patients with hor-
mone receptor-positive cancers). The activity of both palbociclib
and abemaciclib as monotherapies was also known in this setting,
and neither of these agents demonstrated the same effect as mono-
therapies that the combination regimen had. “We had evidence of
activity of fulvestrant as a monotherapy, and evidence of what the
activity was for abemaciclib and palbociclib as monotherapies in this
setting, so we felt confident that the combination was an improved
benefit over any of these monotherapies alone,” McKee said. As
in the prior example, she added that FDA also thought it would be
difficult or unethical to conduct a multi-arm trial in which the effect
of fulvestrant was isolated in relation to the combinations.

SOURCE: McKee presentation, July 16, 2018.

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/25405

Advancing Progress in the Development of Combination Cancer Therapies with Immune Checkpoint Inhibitors: ...

PROCEEDINGS OF A WORKSHOP 23

added that supplemental BLAs and NDAs no longer require a user fee, so
hopefully this will encourage greater use of cross-labeling as well.

Sean Khozin, associate director of the FDA Oncology Center of Excel-
lence, discussed FDA efforts to improve the process for evaluating potential
safety signals for Investigational New Drugs (INDs). Sponsors of an IND
typically have to submit narrative safety reports describing certain adverse
events within specified periods of time, Khozin noted. “It is a huge burden
on sponsors and companies that have to collect this information, format
it, and fax it or send it as a PDF file to FDA and other regulatory bodies,”
Khozin said. He added that it is also a burden to FDA reviewers, who
need to sift through these voluminous reports to deduce whether there are
concerning safety signals related to the IND. He added that the number of
safety reports has been increasing in recent years, but the majority of these
reports are not informative for safety assessment (Jarow et al., 2016).

FDAs INFORMED (Information Exchange and Data Transforma-
tion) program includes a project to facilitate quantitative review of IND
safety data by digitizing the premarket safety report process (Khozin et al.,
2016). These data can be quantitatively analyzed by FDA reviewers to iden-
tify safety signals, and Khozin described ongoing efforts using these data
to generate algorithms to assess drug safety (Khozin et al., 2017). Khozin
noted that an extension of this process has the potential to create a globally
available, central electronic portal that would enable users to report and
access adverse event data curated by a neutral third party (Levit et al., 2018).

BIOMARKERS IN DEVELOPMENT OR IN USE FOR
IMMUNE CHECKPOINT INHIBITOR THERAPIES

Several workshop speakers discussed the role of biomarkers in advanc-
ing the development of combination therapies with immune checkpoint
inhibitors. Daud said biomarkers are critical to help identify which patients
will benefit from immune checkpoint inhibitor therapy and to rationally
select combinations. David Rimm, professor of pathology and medicine
at the Yale University School of Medicine, added that it is important to
identify those patients for whom immune checkpoint inhibitors will not
work because they also might be more susceptible to the toxicities of these
therapies.

“It’s all about the biomarkers, and I think we really need to be think-
ing not just about the immune biomarkers associated with PD-1/PD-L1,
but we need to be thinking about the other targeted pathways within the
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tumor microenvironment, and [how we] can utilize biomarkers that mea-
sure those changes with the therapy, along with the PD-1 changes,” Jaffee
said. She added that biomarkers could help to identify early responses to
immune checkpoint inhibitor therapies and clarify mechanisms of action
of contributing therapeutics, as well as identify the underlying mechanisms
of action that may be responsible for immune-related toxicities. Biomarkers
could also assess how the interaction of targeted combination pathways can
be leveraged to optimize sequencing and dosing for combination therapies.

Types of Biomarker Tests

Several speakers discussed biomarker tests that are in development or
in use for immune checkpoint inhibitor therapies, including

e Immunohistochemistry

e (Genomics

* Expression signatures

e Multiplex fluorescence

e Circulating biomarkers

e Assessment of the microbiome

Lisa Butterfield, professor of medicine, surgery, immunology, and clini-
cal and translational science at the University of Pittsburgh Hillman Cancer
Center, said that biomarkers—for prediction, prognosis, and elucidation
of mechanisms of action—are still largely exploratory, but validation, both
analytical and clinical, is ongoing. Jaffee said investigators are leveraging
rapidly developing technologies for biomarker discovery, including muldi-
plex immunohistochemistry, mass cytometry, T-cell receptor sequencing,
and immunoPET (positron emission tomography) imaging. She said these
technologies are providing a better understanding of immune cell composi-
tion and functioning as well as the tumor microenvironment.

Immunohistochemistry Testing

Rimm said there are several immunohistochemistry (IHC)'? tests
currently available to assess PD-L1 protein expression in a patient’s tumor,

13 Immunohistochemistry testing “use[s] antibodies to test for certain antigens (markers)
in a sample of tissue. The antibodies are usually linked to an enzyme or a fluorescent dye.
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which have been used as both as companion and complementary diagnos-
tics.'* He said the availability of multiple tests for PD-L1 expression is a
challenge because the tests are not identical, but they are used within the
same clinical context. Comparisons have been undertaken to assess the
performance and concordance of test results. For example, the Blueprint
PD-L1 IHC Assay Comparison Project (Hirsch et al., 2017) found:

* Three of the four assays were closely aligned on tumor cell staining,
but the fourth assay showed consistently fewer tumor cells stained.

e All of the assays demonstrated immune cell staining, but there was
greater variability than with tumor cell staining.

e Despite similar analytical performance of PD-L1 expression
for three assays, interchanging assays and cutoffs would lead to
“misclassification” of PD-L1 status for some patients.

Rimm said that an analysis by the National Comprehensive Cancer
Network (NCCN) also found that three of the four tests were essentially
equivalent. The outlier test only identified 50 percent of the patients with
positive results on the other three tests (Rimm et al., 2017). The analysis
found high concordance among pathologists for PD-L1 expression on
tumor cells, but not on immune cells.

Rimm said that the Blueprint 2 project was initiated to confirm results
from the first Blueprint project and to assess the feasibility of harmoniz-
ing the clinical use of five independently developed, commercial PD-L1
immunohistochemistry tests (Tsao et al., 2018). This project involved 25
pathologists reading 81 cases, following a 1.5-day training course. This
analysis confirmed the interchangeability of three of the tests, and also

When the antibodies bind to the antigen in the tissue sample, the enzyme or dye is activated,
and the antigen can then be seen under a microscope. Immunohistochemistry is used to help
diagnose diseases, such as cancer. It may also be used to help tell the difference between dif-
ferent types of cancer.” See https://www.cancer.gov/publications/dictionaries/cancer-terms/
def/immunohistochemistry (accessed February 27, 2019).

14 The FDA definition of a companion diagnostic is “a medical device, often an in
vitro device, which provides information that is essential for the safe and effective use of
a corresponding drug or biological product”; see https://www.fda.gov/medicaldevices/
productsandmedicalprocedures/invitrodiagnostics/ucm407297.htm (accessed April 25,
2019). This is distinct from a complementary diagnostic test, which does not have a formal
regulatory definition, but is described as a “test that aids in the benefit—risk decision making
about the use of a therapeutic product” (Scheerens et al., 2017).
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found concordance among pathologists similar to the NCCN analysis, but
Rimm added that pathologists were unable to reliably classify immune cell
PD-L1 protein expression.

Genomic lesting

Rimm said genomic testing of patients’ tcumors can be divided into two
types: (1) identifying specific genes in tumors that inactivate the immune
system, such as mutations in the STK-11 gene (Skoulidis et al., 2018);
or (2) assessing genes in a more global sense, such as assessment of the
quantity of mutations in a tumor, or the tumor mutational burden (TMB)
(Alexandrov et al., 2013).

Naiyer Rizvi, director of thoracic oncology at the Columbia University
Medical Center, elaborated on TMB as a biomarker for immune checkpoint
inhibitor therapy. Rizvi said patients who have cancers with a high TMB
may be more likely to benefit from immunotherapy because higher num-
bers of tumor mutations can increase the presence of neoantigens,15 which
can enhance an antitumor immune response (Rizvi etal., 2015). In support
of this hypothesis, one study found a significant correlation between TMB
and the objective response rates to immune checkpoint inhibitor therapy
in an analysis of 27 tumor types (Yarchoan et al., 2017).

Another study found that lung cancer patients with a high TMB had a
higher response rate in the nivolumab treatment group compared with the
chemotherapy group, and progression-free survival was also longer. How-
ever, overall survival was similar between the treatment groups, regardless
of TMB status (Carbone et al., 2017).

In the combination therapy setting, Rizvi said that TMB has also
been predictive of response to therapy. Progression-free survival was sig-
nificantly longer with first-line nivolumab plus ipilimumab compared with
chemotherapy among patients with advanced NSCLC and a high TMB
(Hellmann etal., 2018). He said this was an important result because it was
the first trial to look prospectively at TMB as an endpoint in a Phase III
setting.

Rimm noted that a major challenge of using TMB as a biomarker is
the large number of assays currently in use and the lack of standardization

15 New antigens (or markers) of a cancer that cue a patient’s immune system to attack
the cancer and eliminate it. See https://www.the-scientist.com/features/neoantigens-enable-
personalized-cancer-immunotherapy-31743 (accessed April 15, 2019).
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among them. “If you thought it was hard to standardize five assays for
immunohistochemistry, we're going to have real trouble standardizing the
literally hundreds of TMB assays,” said Rimm. Recent studies have begun
to compare TMB results derived from different methods for some types
of cancer (e.g., Carbone et al., 2017). Rizvi noted that Friends of Cancer
Research has convened a multi-stakeholder group—including representa-
tives of test developers, drug development companies, FDA, the National
Cancer Institute (NCI), and academia—to “review the current methods
of TMB calculation and reporting and create a consensus solution on how
best to standardize them” (Friends of Cancer Research, 2019). In the sec-
ond phase of this project, the group will aim to create a universal reference
standard using whole-exome sequencing and identify sources of variability
after comparing TMB scores from targeted panels to the universal reference
standard.

Rizvi said a related challenge is defining thresholds or cutpoints for
determining which patients with “high” TMB will benefit from immune
checkpoint inhibitor therapy. He added that thresholds may vary by tumor
type, and the assessment of patient benefit may also need to be informed by
PD-L1 expression, in addition to TMB status. However, in the context of
combinations with PD-1/CTLA-4, Rizvi noted that PD-L1 expression may
not need to be considered in combination with TMB because the benefit
with combination PD-1/CTLA-4 therapy was irrespective of PD-L1 expres-
sion (Hellmann et al., 2018).

Rimm agreed that both variables may be helpful in identifying patients
most likely to benefit, noting that biomarkers for TMB and PD-L1 expres-
sion identified distinct and independent population subgroups in a Phase I1
trial of nivolumab plus low-dose ipilimumab among patients with meta-
static NSCLC (Ready et al., 2019). Another analysis also concluded that
TMB and PD-L1 expression were independent variables (Rizvi et al., 2018).

Rizvi added that some of the emerging research suggests that individu-
als with both low PD-L1 expression and low TMB may not respond well to
immune checkpoint inhibitor therapy. “So when we think about the clinical
trials that we're designing . . . I think you have to have TMB as part of your
analysis to make sense of the data,” Rizvi said.

Expression Signatures

Benjamin Izar, instructor in medicine at Harvard Medical School,
discussed the use of signatures derived from single-cell and bulk RNA
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sequencing to predict response and resistance to immune checkpoint
inhibitor therapy. He noted that bulk RNA sequencing is more commonly
performed because many of the analytical approaches are well established,
and data from a large number of patients can be obtained. A disadvantage
of bulk RNA sequencing is that only one profile is obtained per patient,
so it often does not reflect the heterogeneity of tumors. “Not only are we
dealing with various cell types within a tumor, but also variability among
those,” Izar noted.

Single-cell RNA sequencing enables the profiling of numerous cells,
so that many measurements are obtained from a single patient sample.
However, Izar noted that single-cell RNA sequencing is usually limited
to relatively small cohorts because these studies are complex and resource
intensive.

“The idea of this study was to combine and leverage the advantages of
both of these [approaches] to try and make sense of what might be predic-
tors of response or resistance to immunotherapies,” Izar said. He said a
proof-of-concept study established the methods to generate usable single-
cell transcriptome profiles and to develop data-clustering methods, as well
as the analytical tools for understanding and robustly distinguishing cancer
cells from non-malignant cells (Tirosh et al., 2016).

Single-cell RNA sequencing was conducted on 33 tumor samples
from patients with melanoma, and investigators developed an algorithm
that combined single-cell transcriptomes and bulk-RNA sequencing data
from the Cancer Genome Atlas to identify genes that were over- or under-
expressed in cancer cells and that were associated with T-cell exclusion. They
also developed an algorithm to identify immune evasion, using single-cell
RNA sequencing data from tumor samples of patients whose cancers were
resistant to immune checkpoint inhibitor therapy. Even though these sig-
natures were derived in different ways, Izar noted that they demonstrated
overlap that was highly statistically significant, and termed this overlap
“the resistance program.” Investigators validated the predictive value of this
resistance program for progression-free survival and overall response in an
independent cohort of patients with melanoma who received PD-1 inhibi-
tor therapy (Izar et al., 2018; Jerby-Arnon et al., 2018).

Izar also reported on two other expression signatures that have been
investigated for use with immune checkpoint inhibitor therapy. Ayers and
colleagues (2017) analyzed mRNA expression in tumor samples of patients
who received treatment with pembrolizumab. From this analysis, they
developed an 18-gene expression signature of interferon-gamma respon-
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sive genes, which correlated with clinical benefit. Validation studies are
being performed in ongoing trials of pembrolizumab (Ayers et al., 2017).
The second example was an evaluation of a T-cell effector gene expression
signature in predicting clinical benefit of atezolizumab (a PD-L1 inhibi-
tor) in patients with NSCLC in a Phase III trial (Kowanetz et al., 2017).
Investigators found a gradient of improved progression-free survival benefit
with atezolizumab therapy as the T-cell effector gene expression increased.

Multiplex Fluorescence

Multiplex fluorescence is a method that characterizes multiple proteins
of a patient’s tumor and the tumor microenvironment using immuno-
histochemistry with fluorescence tagging. Rimm noted that multiplex fluo-
rescence was used to demonstrate that patients who responded to immune
checkpoint inhibitor therapy had preexisting tumor-infiltrating CD8 T-cells
(Tumeh etal., 2014). He noted that his lab has also found that pretreatment
infiltration of CD8 T-cells is highly predictive of response to immune
checkpoint inhibitor therapy in patients with metastatic melanoma (Wong
et al.,, 2019). Daud added that immune profiling demonstrated that the
relative abundance of tumor-infiltrating CD8 T-cells predicts response to
PD-1 inhibition (Daud et al., 2016).

Margaret Shipp, professor of medicine at Harvard Medical School,
discussed the use of multiplex fluorescence in the context of her research in
classical Hodgkin’s lymphoma (cHL). cHL is an unusual lymphoid malig-
nancy; only a very small percentage of a tumor is composed of malignant
cells (approximately 1-2 percent), while the remainder of the tumor is
composed of extensive—but ineffective—inflammatory immune cell infil-
trate. Chromosome 9p24.1 alterations are a defining feature of cHL, and
this chromosome includes the PD-L1 and PD-L2 genes, as well as JAK2,
a component of the JAK-STAT signaling pathway (Roemer et al., 2016).
Shipp said this strongly suggested a genetic basis for reliance on PD-1
signaling as a mechanism of immune evasion in cHL, and this quickly
prompted trials of nivolumab and of pembrolizumab to evaluate sensitivity
to PD-1 blockade in cHL. In the CheckMate 205 clinical trial, patients
with relapsed or refractory cHL whose tumors had higher levels of 9p24.1
alterations and higher PD-L1 expression were more likely to respond to
nivolumab (Roemer et al., 2018).

“Because Hodgkin’s lymphoma is a disease where almost everybody
has some level of PD-L1 expression, using an arbitrary cutpoint—Iike

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/25405

Advancing Progress in the Development of Combination Cancer Therapies with Immune Checkpoint Inhibitors: ...

30 CANCER THERAPIES WITH IMMUNE CHECKPOINT INHIBITORS

1 percent PD-L1 expression used in some of the solid tumor trials—would
not be meaningful in this setting. So, you really need to think about how
you interpret biomarkers based on the biology of the disease,” said Shipp,
noting that the objective response rate to nivolumab among patients with
relapsed or refractory cHL was 69 percent (Armand et al., 2018). Shipp said

Hodgkin’s lymphoma has the highest response rate to PD-1 blockade thus far.
We think there is an inherent genetic sensitivity for the PD-1 blockade, but
clearly there are both responders to PD-1 blockade in Hodgkin’s lymphoma,
and patients who either don’t respond or progress following initial responses,
so it becomes very important to also understand biomarkers for response and
resistance.

To characterize the tumor microenvironment of cHL and better under-
stand the mechanisms of action of resistance to immune checkpoint inhibi-
tor therapy, Shipp’s lab used multiplex immunofluorescence, digital image
analysis, and mass cytometry (Cader et al., 2018; Carey et al., 2017). They
found that the tumor microenvironment—including the presence of CD4
T-cells and PD-L1+ macrophages surrounding Hodgkin’s Reed-Sternberg
cells—is likely to contribute to immune evasion.

Circulating Tumor Markers

Rimm briefly discussed circulating tumor markers, including circulat-
ing free DNA, as exploratory biomarkers for immune checkpoint inhibitor
therapy. For example, researchers are assessing blood-based TMB as a pre-
dictive biomarker for atezolizumab (Velcheti et al., 2018). Jaffee added that
these less invasive methods will provide the best opportunities for repetitive
assessment and optimization of combination strategies. Theodorescu said
one way to accelerate validation of biomarkers is to study circulating bio-
markers before and after treatment in the neoadjuvant setting.'® Butterfield
noted that it is important to collect both tumor tissue and blood bio-
specimens for biomarker discovery and validation: “I am personally of the
opinion that eventually we will get back to the blood when we know exactly
what we're looking for. We will be able to find it there. Its just, as an average
of everything going on immunologically in the patient, it can be hard to
find [blood-based biomarkers] at the outset,” said Butterfield.

16 Treatment given as a first step to shrink a tumor before the main treatment (usually
surgery) is given. See https://www.cancer.gov/publications/dictionaries/cancer-terms/def/
neoadjuvant-therapy (accessed April 24, 2019).
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The Microbiome

Christian Jobin, Gatorade Trust professor of medicine at the Uni-
versity of Florida, discussed whether the composition of an individual’s
microbiome—the collection of microorganisms inhabiting a human host—
can be used as a biomarker to distinguish patients who may be more likely
to respond to immune checkpoint inhibitor therapies. Jobin said that an
individual’s microbial composition is known to play roles in health in dis-
ease, including carcinogenesis and response to cancer therapies (Tsilimigras
etal., 2017). He added that microbial genes can contribute to differences in
drug metabolism that can alter the toxicity and efficacy of therapies.

He cautioned that research on the impact of the microbiome in cancer
is nascent and primarily exploratory, but some exciting research studies
have set the field in motion, including three recent papers in Science
(Gopalakrishnan etal., 2018; Matson et al., 2018; Routy etal., 2018). These
studies reported that patients can be stratified into responders and non-
responders to immune checkpoint inhibitor therapy based on the composi-
tion of their intestinal microbiomes (Jobin, 2018). However, Jobin noted
that there was no common signal among these studies. Gopalakrishnan
and colleagues (2018) observed that the strongest predictors of response
to immune checkpoint inhibitor therapy were bacterial diversity and
abundance of Faecalibacterium and Bacteroidales bacteria in fecal samples.
Matson and colleagues found that increased prevalence of eight microbial
species, including Bifidobacterium longum, was associated with improved
response to immune checkpoint inhibitor therapy, but two bacterial spe-
cies were associated with non-responsiveness. Routy and colleagues found
that increased prevalence of Akkermansia muciniphila was associated with
improved response to immune checkpoint inhibitor therapy, and that expo-
sure to antibiotics was associated with reduced responsiveness to therapy.
Jobin said additional research is needed, including functional analyses
with whole metagenome and RNA sequencing. Analyses of larger, multi-
center patient cohorts could better characterize the influence of the micro-
biome on responsiveness to immune checkpoint inhibitor therapies.

Challenges with Biomarker Development
Biomarker Development for Single-Agent Versus Combination Therapy

Several speakers noted that biomarkers have been developed primarily
for use with single-agent therapies. Chen said most of the work to develop
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biomarkers for immunotherapy have focused on selecting patients likely to
respond to PD-L1 and PD-1 inhibitors, but it is less clear whether these
biomarkers will have clinical utility for combination therapy. “Many of
these biomarkers—whether it’s microbiota, PD-L1 staining, [or] tumor
mutation burden—may be good biomarkers for the benefit of cancer
immunotherapy, but may not help us separate out which combination
immunotherapy is best for a given patient,” he stressed. Rimm agreed, and
added that “I don’t believe that we [understand] biomarkers for combina-
tions yet, even though arguably that’s when we need them the most.” He
added that biomarker research often follows clinical trials, and there is less
incentive to incorporate biomarkers in the design of early-phase studies
because “no one wants to eliminate patients who might respond.” Rimm
suggested devising new strategies for incorporating biomarkers in Phase II
and III studies.

Defining Thresholds for Biomarker Results

Ronald Kline, medical officer with the Center for Medicare & Medicaid
Innovation at the Centers for Medicare & Medicaid Services, noted that
biomarkers are rarely dichotomous variables; consequently, investigators
need to define thresholds for positive or negative biomarker results. He said
that decisions about where to set a threshold for a biomarker result have
significant clinical and cost implications. Kline inquired, “How do you
define, as scientists, what's positive and what’s negative, and how do you
create a framework that allows us to rationally look at different test resules?”
Lemery noted that this is particularly challenging if different thresholds are
set for different tests that measure the same biomarker. Rimm noted that
the decision to set a threshold for a biomarker test should be informed by
calculating the predictive value and the area under the receiver operating
characteristic curve for the test.!” Richard Schilsky, senior vice president
and chief medical officer at the American Society of Clinical Oncology
(ASCO), stressed the importance of lifecycle learning, and determining
when there is sufficient evidence to confirm that a biomarker test identifies
a population of patients likely to benefit, while also recognizing that every
test is always going to be imperfect. “Once you're in the market, you still
have a lot to learn, because typically you have much broader use in much
more heterogeneous populations,” he said.

17 See Mandrekar, 2010, for more information on area under the curve.
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Biomarkers for Site-Agnostic Indications

Lemery discussed the use of biomarkers to identify molecular changes
in a tumor that can be targeted by a therapy without consideration of the
type of cancer a patient has. He said that the first FDA approval for a site-
agnostic indication of a drug was for pembrolizumab in adult and pediatric
patients who have any type of advanced cancer with MSI-H as a result of
DNA mismatch repair deficiency.!8

Lemery said that Le and colleagues (2015) first presented data on the
clinical benefit of pembrolizumab for patients with MSI-H cancers in 2015.
He noted that high microsatellite instability is found across many differ-
ent tumor types, and is associated with increased TMB (Le et al., 2017).
Lemery said the supplemental BLA for pembrolizumab in patients with
MSI-H cancers was approved in 2017 based on objective response rates
and durability of responses across 14 tumor types. Other considerations for
the approval included a strong biological rationale and the unmet medical
need of patients due to the lack of effective treatment options (Marcus et al.,
2019). “Rather than requiring a separate development program in each dif-
ferent tumor type, which take years and years if not decades . . . we approved
it for all the patients with [MSI-H cancers],” Lemery noted.

Schilsky raised concerns about the lack of a companion diagnostic
for measuring MSI-H status because “there are a lot of ways of assessing
MSI status—there are multiple platforms, there is more than one defini-
tion, and some of [the platforms] are more subjective than others” (e.g.,
immunohistochemistry versus polymerase chain reaction [PCR] versus
next generation sequencing). In addition, there may be wide variation and
uncertainty about the response rates and durations of response seen across
patients with various tumor types, due to the small populations under study.
He noted that the data for the MSI-H sBLA approval was based on 150
patients, of which 90 had colorectal cancers. “Certainly not every kind of
cancer is represented in this dataset, and for most of the cancers that are
represented, the number of patients with that cancer was very small, far
smaller than you would include in even a Phase II study, to try to assess
the efficacy of the treatment in that particular tumor type.” He added that
a fundamental question for the development of site-agnostic biomarkers is
“how much evidence is sufficient to actually conclude that a drug works

18 See https://www.fda.gov/drugs/informationondrugs/approveddrugs/ucm560040.htm
(accessed April 19, 2019).
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well across a variety of histologies, where the drug indication is defined by
a common biomarker?”

Lemery responded that there are postapproval requirements, including
the development of immunohistochemistry testing for assessing mismatch
repair deficiency and nucleic-acid based testing for assessing MSI status, and
that Merck has enrolled more than 400 patients with MSI-H cancers to fur-
ther evaluate the response rate to pembrolizumab in different tcumor types.
Schilsky agreed that post-marketing data will be critical to further define the
populations in which these drugs work and how well they work, noting that
biomarker prevalence and predictive value may vary across tumor types. He
added that biomarkers are often present at very low frequency in the popula-
tion, so identifying patients with a particular biomarker can be challenging.

Stanton Gerson, director of the Case Comprehensive Cancer Center,
inquired whether certain tissue-agnostic approvals will need to be recon-
sidered in the future, if new research clarifies individuals who are unlikely
to respond to therapy and should not be exposed to the potential toxicities.
Schilsky said that a mechanism to collect relevant data is needed, and that
FDA should consider labeling changes based on accumulating knowledge
about patient outcomes. “For example, we should have a national registry of
pembrolizumab use in all MSI-high tumors, so that we actually know over
time exactly how the drug is being used in practice,” he said.

Schilsky and Lemery also discussed the implications of site-agnostic
therapy on clinical trial designs. Schilsky questioned whether it is even pos-
sible to conduct a randomized controlled trial to determine if a drug should
be approved in a histologically agnostic indication, and what type of control
arm would be appropriate in this context. Lemery said it may not be ethi-
cal or feasible to conduct a randomized controlled trial if investigators are
assessing a very rare biomarker for therapy selection and the therapy has an
unprecedented patient response, especially in the disease-refractory context.

Availability of Biospecimens for Biomarker Discovery and Development

Bucterfield said variability in the quality of biospecimens available for
study hinders the development of useful biomarkers for immune check-
point inhibitor therapies—many biospecimens have not been collected,
processed, and stored under standardized conditions, and are thus not use-
ful for biomarker development. She pointed to an editorial from Nature
Biotechnology stating (No sample left behind, 2015):
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The reality is that most immune profiling efforts remain at a pilot scale. To
truly galvanize clinically actionable insights, researchers will need to integrate
datasets of sufficient diversity and statistical power. This will require greater
attention to how samples are acquired and analyzed and community agree-
ment on how [to] store, share, and interpret data.

George Weiner, director of the Holden Comprehensive Cancer Center
at The University of Iowa, agreed that the availability of high-quality
biospecimens is a major constraint to future research. “The opportunity
to learn from [biospecimens] is being lost, because we're not [collecting]
them in a consistent and reliable way,” said Weiner. He added that the costs
for storing biospecimens for future research purposes is an impediment.
Bucterfield added that the language in consent documents may also limit
the availability of biospecimens for future research purposes.

Buctterfield said that biospecimens should be banked to answer specific
questions from a trial, but also “to answer the questions we think of while
the trial is enrolling and the field has moved forward, [or] when the trial
is complete, and the field has moved forward yet again. We are going to
need more specimens very broadly banked to be able to answer all of those
questions.”

Buctterfield noted that the International Society for Biological Therapy
of Cancer—Society for Immunotherapy of Cancer (SITC), FDA, and NCI
developed recommendations for incorporating biomarker studies in clinical
trials and standard operating procedures for biospecimen collection, pro-
cessing, storage, and analysis to study immunologic questions (Butterfield
et al., 2011). Since then, Butterfield noted that the field has rapidly pro-
gressed, and the SITC Immune Biomarkers Committee has organized a
number of working groups to review state-of-the-art technologies and to
identify opportunities to advance progress in immunotherapy research.!”
Ibrahim added that the Partnership for Accelerating Cancer Therapies,?’ a
component of the Cancer Moonshot, is working to identify, develop, and
validate immunotherapy biomarkers (Baker et al., 2018). He noted that the
Parker Institute is also working on standardizing biospecimen collection
processes in immunotherapy clinical trials.

Buctterfield also suggested several opportunities to improve the mea-
surement of immune biomarkers in clinical trials of combination therapies:

19 See hteps://www.sitcancer.org/research/biomarkers (accessed April 22, 2019).
20 See https://fnih.org/what-we-do/programs/partnership-for-accelerating-cancer-
therapies (accessed April 22, 2019).
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* Dlace a greater emphasis on tumor biopsies in the trial design;

* Incorporate assessments to determine whether the target molecules
get to the tumor site and show activity;

e Assess previously identified candidate biomarkers in new settings;

*  Use high-throughput technologies for hypothesis generation; and

e Explore innovative data analysis strategies.

CLINICAL TRIAL DESIGN STRATEGIES FOR
COMBINATION IMMUNOTHERAPY

Many participants emphasized the importance of improving clinical
trial design for testing combinations with immune checkpoint inhibitors.
Workshop participants discussed:

* Ensuring that clinical trials answer questions that are important to
patients (e.g., quality of life outcomes);

e Selecting appropriate endpoints for assessing response and patient
outcomes; and

* Drioritizing trial designs that can enhance efficiency and answer
multiple questions simultaneously, such as master protocols or
shared controlled arms.

As discussed in the previous section, workshop speakers also high-
lighted the need to better integrate biomarkers in the design of trials in
order to identify patients who are likely to benefit from combinations with
immune checkpoint inhibitors, as well as those individuals who are unlikely
to respond, so that they can avoid the toxicity of these therapies.

Patient-Centered Trial Outcomes

Linda House, president of the Cancer Support Community (CSC),
urged researchers to examine the patient experience in clinical trials for
combination therapies with immune checkpoint inhibitors. “We really
haven’t talked about how our patients are living with their cancer and
living with the treatments that we're giving them,” House said. She said
the CSC has been collaborating with FDA to identify opportunities to
integrate patient experience outcomes in the design of clinical trials. “We
have to collect these data because decisions are being made downstream
that [affect] patients without the benefit of this [knowledge],” said House.
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She noted that the CSC has a cancer experience registry, and in reviewing
the latest data on patients with melanoma and lung cancer, she said their
top five concerns about cancer and its treatment were maintaining physi-
cal activity, fatigue, the ability to eat and maintain nutrition, worry about
the future, and the financial burden of treatment. She noted that clinical
trials of new cancer treatments often do not provide data on these types
of outcomes.

DPerkins agreed that clinical trials should answer patient-centered ques-
tions, and added that patient advocates should be active participants in
the drug development process. She cited the ASCO-Friends of Cancer
Research effort to modernize patient eligibility criteria,?! and called for
immunotherapy clinical trials to better reflect the real-world patient popula-
tions, including patients with melanoma who have brain metastases. Daud
agreed with this suggestion and encouraged the clinical trials community
to reduce the number of exclusion criteria so that a wider variety of patients
can participate. Broad accessibility is needed to ensure that data are available
to inform the treatment decisions of diverse patient populations.

Hopkins and Perkins advocated for the concept of a “clinical trial in a
box,” which would enable community oncology care providers to quickly
and efficiently enroll patients in a clinical trial. Hopkins also emphasized
the importance of understanding the patient population served in a com-
munity hospital setting when deciding which trials to open. She noted that
industry-sponsored trials are often not available in small community cancer
centers because of the smaller numbers of potential patients, but she said
developing a framework to quickly open a trial at a cancer center would be
appealing to industry trial sponsors and would broaden patient access to
cutting-edge clinical research.

Herbst agreed that more community cancer centers should be able to
participate in clinical trials, particularly because most patients with cancer
are treated in this setting. Herbst also suggested that clinical trials should
be designed with the community center in mind and seek input from the
leaders in community cancer care at the stage of trial design to ensure that
the trials can be done outside of an academic center.

21 See https://www.asco.org/research-progress/clinical-trials/clinical-trial-eligibility-criteria
(accessed April 23, 2019).
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Endpoints for Clinical Trials

Ahmad Tarhini, professor and director of the melanoma and skin
cancer program at the Cleveland Clinic Taussig Cancer Institute, said more
consideration should be given to the types of endpoints used in clinical
trials for immune checkpoint inhibitors. Jaffee agreed, and noted that the
standard RECIST (Response Evaluation Criteria In Solid Tumors) criteria
do not provide adequate assessment of immunotherapies (Wolchok et al.,
2009). For example:

* Antitumor response for immunotherapies may take longer when
compared to chemotherapy; and

¢ Clinical responses to immunotherapies can occur after conventional
indications of progression are observed (pseudoprogression).

Jaffee noted that immune-modified response criteria have been devel-
oped to account for these differences (Hodi et al., 2018). For example, the
immune-modified criteria acknowledge that durable, stable disease may
actually reflect an antitumor immune response.

“With immunotherapeutics, we are still learning about tumor assess-
ment endpoints and the effects on overall survival,” said Marc Theoret, asso-
ciate director for immunotherapeutics with the FDA Oncology Center of
Excellence. He added that more work is needed to clarify which endpoints
can be used to assess clinical benefit or treatment effects of a combination
therapy, and to help decide whether the combination should be evaluated
at later stages of drug development.

Dosing, Sequencing Administration, and
Treatment Duration for Combinations

Another challenge when designing clinical trials for combination
therapies is determining the appropriate dose, sequencing of therapies, and
treatment durations. Chen noted that with single-agent cancer therapies,
determining optimal dosing and treatment duration is already quite chal-
lenging. With the added complexity of immunotherapy and multi-agent
regimens, these decisions become even more complex. Theoret added that
attributing adverse reactions for a combination therapy can also be difficult.
Theoret and Tarhini noted that Phase I trials will help collect information
on appropriate dosing schedules. Dansey also suggested that dose and
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scheduling decisions for combination trials be informed by clinical trials
conducted in community-based practices in order to include data from
more heterogeneous populations.

Chen stressed that “we could spend 3 to 5 years doing Phase I trials if
we started to test these critically important questions, and I think that is the
crux of what we face for combination immunotherapy.” Jaffee suggested that
more pharmacodynamic studies be conducted to help with these decisions.

Trial Designs to Promote Efficiency

Several speakers discussed opportunities to improve the efliciency of
clinical trials assessing combinations with immune checkpoint inhibitors,
including different types of master protocols and clinical trials with shared
controlled arms.

Tarhini noted that the ever-expanding array of immune therapies in
cancer creates a need for greater efficiency in clinical trials. “Our current
classic model is a series of clinical trials testing one or two questions at a
time in a single disease. This comes at a major cost in terms of time and,
obviously, the financial cost,” said Tarhani. It can also limit the number
of concurrent trials that can be conducted because multiple trials will be
recruiting similar types of patients.

Master Prorocols for Combination Trials

Tarhini provided an overview of the concept of master protocols for
immunotherapy. He said there are several types of master protocols, as
shown in Box 4, that can efficiently and effectively test multiple targeted/
immunotherapy agents or therapeutic strategies in relatively small patient
subpopulations (Redman and Allegra, 2015; Renfro and Sargent, 2017;
Woodcock and LaVange, 2017). He noted that master protocols “could be
a major methodologic innovation over the traditional approach of a series
of clinical trials, where we may have an overall systematic approach to a
disease with more efficient screening, [thereby] increasing the speed of drug
development.”

Tarhini highlighted a number of considerations for designing master
protocol trials, such as

* Eligibility criteria;
* Interim analyses and stopping rules;
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BOX 4
Examples of Master Protocol Trial Designs

Ahmad Tarhini, professor and director of the melanoma and skin
cancer program at the Cleveland Clinic Taussig Cancer Institute,
described three types of master protocol trial designs: umbrella trials,
basket trials, and platform trials.

Umbrella Trials

This trial design is intended to evaluate multiple therapeutic strate-
gies within subgroups of a conventionally defined disease. Patients
with the disease are screened for the presence of particular biomarkers
and assigned to a stratum on the basis of the biomarker test results. As
mentioned earlier, one example of an umbrella clinical trial is Lung-MAP
(Lung Cancer Master Protocol), which is evaluating multiple therapeutic
strategies in patients with advanced non-small cell lung cancer.? Patients
who enroll in the trial receive genomic testing of their tumors, and based
on those results, patients are matched to a treatment being tested on
Lung-MAP. If there is not a genomic “match,” patients have an option of
receiving immunotherapy treatments used in the trial.

Basket Trials

In the basket trial design, patient eligibility is defined by the presence
of a particular biomarker, rather than a particular cancer type (Renfro and
Sargent, 2017). This study design is intended to test a single therapy in the
context of patients with biomarker-positive cancers, or various biomarker-
drug pair strategies. Basket designs have been used to study the efficacy
of vemurafenib involving non-melanoma cancers with BRAF V600 muta-

*  Statistical analysis plans;

* Inclusion of biomarkers (e.g., PD-L1, MSI-H, TMB, expression
signatures);

e Whether trials are tumor agnostic or focus on a specific disease;

* Appropriate endpoints to assess patient outcomes; and

e Whether to use randomization or historical controls.

He also described several challenges. Master protocols require col-
laboration among competing pharmaceutical companies, which can be
challenging to navigate, and these trials are also more logistically and
operationally cumbersome, and require more resources to conduct. Identi-
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tions (Hyman et al., 2015).The ECHO-202/KEYNOTE-037 trial also had
a basket-like design, evaluating the combination of pembrolizumab plus
epacadostat in multiple diseases (Mitchell et al., 2018).

Tarhini noted that the NCI-MATCH (National Cancer Institute
Molecular Analysis for Therapy Choice) trial has both basket and
umbrella-like design features. This trial is evaluating whether cancer
treatment that is based on specific genetic changes in a patient’s tumor
is effective, regardless of the type of cancer a patient has. Patients with
different diseases (advanced solid tumors, lymphoma, myeloma) are
each a separate “umbrella” within a basket trial design. Tarhini said that
NCI-MATCH could serve as a model for a master protocol study using
immune checkpoint inhibitor therapy, in which patients are screened for
the presence of immune-related biomarkers (e.g., PD-L1, CD8, MSI-H,
or TMB) and allocated to certain combinations built on PD-1/PD-LA1
monotherapy.

Platform Trials

Platform trials, which share some aspects with umbrella trials,
study multiple therapies in the context of a single disease in a perpetual
manner. Therapeutic strategies are allowed to enter or leave the platform
depending on decisional rules built into the protocol. Platform trials can
also include adaptive design elements, such as the I-SPY 2 neoadjuvant
study of patients with locally advanced breast cancer (Barker et al., 2009;
Berry et al., 2015).

@ See https://www.lung-map.org/about-lung-map (accessed May 3, 2019).
SOURCE: Tarhini presentation, July 16, 2019.

fying meaningful short-term study endpoints that may enable the adaptive
designs often used with master protocols can also be more complex with
combinations involving immune checkpoint inhibitors.

Tarhini suggested that the NCl-sponsored National Clinical Trials
Network (NCTN)?? should conduct more master protocol trials evaluating
combination therapies using immune checkpoint inhibitors. Herbst noted
that a public—private partnership involving NCTN and a number of organi-
zations launched Lung-MAP (Lung Cancer Master Protocol), an umbrella

22 See https://www.cancer.gov/research/areas/clinical-trials/nctn (accessed April 24, 2019)
and hteps://www.lung-map.org/about-lung-map (accessed April 24, 2019).
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trial evaluating numerous drugs in patients with advanced NSCLC. Herbst
added that this trial has been challenging to design because the landscape
of lung cancer treatment has changed so quickly over the past 5 years. The
trial is now focusing on testing immunotherapy combinations that might
work in the refractory disease setting. He added that a major feature of this
trial is the collection of biospecimens for correlative research.

Ibrahim added that the Parker Institute is developing the infrastructure
to enable launch of collaborative master protocol trials using combina-
tion agents coming from different pharmaceutical companies or academic
centers. “We feel that this can generate rich mechanistic and molecular data
to inform how best to combine different agents,” said Ibrahim. Ibrahim
noted that master protocols could also introduce some standardization
across ongoing studies, as well as reduce redundancies, especially in regard
to small, investigator-initiated studies.

Shared or External Control Arms

As noted earlier, many trials involving immune checkpoint inhibitors
are using the same comparator treatment, which is creating redundancy.
Pazdur advocated for reducing the number of patients allocated to the control
arms of these trials by using a common control arm. McKee said that FDA
approached several companies to suggest the use of a common control arm,
assuring companies that the statistical evaluation would only involve com-
parisons of the company’s investigational drug to the common control arm,
and not to the investigational agents from the other companies. However,
she said there was no interest in pursuing this approach at the time, probably
due to the fear that this could lead to comparisons among competing drugs
in development. Dansey noted that another reason that companies may have
resisted the proposal was because it can be very difficult to construct and
negotiate this type of trial. Herbst agreed, and added that master protocol
trials sometimes use common control arms, “but each of the arms has differ-
ent eligibility criteria, so then you almost have to construct a separate control
arm for each of the different drugs . . . it gets very hard.”

Dansey and Chen inquired whether FDA would be willing to consider
the use of external control arms®® to reduce the number of patients who

23 According to FDA, an external control “consists of patients who are not part of the same
randomized study as the group receiving the investigational agent.” See https://www.fda.gov/
downloads/guidances/ucm073139.pdf (accessed April 26, 2019).
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are allocated to control arm therapies. Chen suggested that control arms
be reduced by bolstering them with real-world datasets. “Certainly from a
patient perspective, [it would be beneficial] to have fewer patients on a control
arm—especially when some of the control arms are chemotherapy [in the
refractory lung cancer setting],” said Herbst. Dansey asked if there was a way
to build “a simulation component into [trials]—either for multiple arms or
for controls arms—to try and innovate the clinical trial process [and] make it
more efficient?” Chen noted that advances in statistical modeling could help
in this context: “What you need is a common set of modeling assumptions
that then allows you to correct for factors that may not be the same across
trials, and then you have a control arm dataset that really is balanced.”

McKee noted that the agency is open to considering novel statistical
designs and real-world data, and suggested that companies discuss these
ideas with FDA. Pazdur voiced some caution about using external control
arms, especially if it reduces randomization. Pazdur said,

Randomization is a very important tool . . . the purpose of randomization [is]
to balance the things you don't know about. We may think we are smart about
these diseases, but we don’t know about a lot of prognostic factors or other fac-
tors that may have an influence on overall survival or even time to progression.

However, Pazdur noted that the agency is very interested in working
with the big data companies to assess whether it is possible to build in
randomization using real-world data. “We would really like to attempt to
preserve the concept of randomization. That doesn’t mean that you have to
do it in the context of a clinical trial—it could be looked at in the context
of real-world data. I think that is going to be a challenge for us . . . but
that is where I see the future of drug development occurring,” Pazdur said.
The FDA Oncology Center of Excellence is conducting Project: Switch,*

which is assessing:

*  Whether well-matched external control arms, based on prior clinical
trials, can be used to make inferences regarding the effect of a new
drug; or

e Whether an external control arm could be used in place of a control
arm in ongoing randomized controlled trials for patients with rare
cancers, poor prognoses, and few treatment options.

24 See hteps://www.fda.gov/NewsEvents/Speeches/ucm629942.htm (accessed April 24,
2019).
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Martin Murphy, chief executive officer of the CEO Roundtable on
Cancer, noted that Project Data Sphere,?> an open-access data platform
that facilitates clinical trials data sharing, is working to develop an external
control arm based on historical clinical trials data for small cell lung cancer
(SCLC) (Bertagnolli et al., 2017).2° He added that industry, academia, and
regulatory partners are also collaborating on a project to study rare adverse
events, such as myocarditis, in patients who have received immune check-
point inhibitor therapies (Neilan et al., 2018).

REAL-WORLD DATA

Abernethy discussed how real-world data can advance the development
of immune checkpoint inhibitor therapy. She cited FDA’s definitions of

real-world data and real-world evidence?’:

* Real-world data are the data relating to patient health status and/
or the delivery of health care routinely collected from a variety
of sources, such as electronic health records, claims and billing
activities, product and disease registries, patient-generated data
including in home-use settings, and data gathered from other
sources, such as mobile devices.

* Real-world evidence is the clinical evidence regarding the usage and
potential benefits or risks of a medical product derived from analysis
of real-world data. Real-world evidence can be generated by different
study designs or analyses, such as randomized trials, including large
simple trials and pragmatic trials, as well as observational studies
(prospective and/or retrospective).

“Real-world data offer another kind of discovery. [They work] in
concert with our traditional clinical trials and our traditional research
mechanisms,” said Abernethy. For example, Flatiron Health’s real-world
dataset illustrating the shift in the standard of care for lung cancer over time
can inform the development of new clinical trials for immune checkpoint

25 See https://projectdatasphere.org/projectdatasphere/html/home (accessed May 1, 2019).

26 See https://www.biospace.com/article/releases/project-data-sphere-builds-on-five-years-
of-success-by-expanding-open-access-data-platform-and-broadening-research-programs-
that-accelerate-new-cancer-patient-therapies (accessed May 1, 2019).

27 See https://www.fda.gov/ScienceResearch/Special Topics/Real WorldEvidence/default.
htm (accessed April 26, 2019).
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inhibitor therapy: “If we are thinking about what our comparator arms are,
the comparator is changing across this period,” said Abernethy.

Abernethy said real-world data can be analyzed to determine who uses
immune checkpoint inhibitor therapies in clinical practice settings and
how these drugs perform. A real-world cohort of patients with metastatic
NSCLC who received nivolumab or pembrolizumab were older at treat-
ment initiation and had a higher prevalence of smoking history compared
with clinical trial cohorts (Khozin et al., 2018a). Researchers found that this
real-world cohort had shorter overall survival compared with clinical trial
results, and suggested that this difference may be due to the narrow eligi-
bility criteria of these clinical trials (Khozin et al., 2018b). Khozin stressed
that real-world data provide information about patients who are typically
excluded from clinical trials, such as patients with organ dysfunction, brain
metastases, HIV, or a history of autoimmune diseases.

Abernethy noted that the 21st Century Cures Act?® mandates the
Secretary of the Department of Health and Human Services to establish
a program evaluating the potential role of real-world evidence in support-
ing the approvals of new drug indications or in satisfying post-marketing
requirements. In response, FDA has released a framework for the its real-
world evidence program.?’ “If we are going to use [real-world data] . . . in
support of making decisions about how to take better care of patients, we
better make sure that these are data that we can rely on and, importantly,
that these data are adequately representative of the populations for whom
we care,” Abernethy stressed.

Abernethy highlighted a checklist of features associated with high-quality
real-world data, including the following (Miksad and Abernethy, 2018):

¢ Clinical depth: Data granularity to enable appropriate interpretation
and contextualization of patient information.

e Completeness: Inclusion of both structured and unstructured
information supports thorough understanding of patient clinical
experience.

* Longitudinal follow-up: Ability to review treatment history and
track patient outcomes over time.

28 Public Law 114-255, December 13, 2016. See https://www.govinfo.gov/content/pkg/
PLAW-114publ255/pdf/PLAW-114publ255.pdf (accessed May 7, 2019).

2 See https://www.fda.gov/downloads/ScienceResearch/Special Topics/Real World Evidence/
UCM627769.pdf (accessed April 26, 2019).
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*  Quality monitoring: Systematic processes implemented to ensure
data accuracy and quality.

* Timeliness/recency: Timely monitoring of treatment patterns and
trends in health care to derive relevant insights.

*  Scalability: Efficient processing of information with data model that
evolves with standard of care.

* Generalizability: Representativeness of the data cohorts to the
broader patient population.

e  Complete provenance: Robust traceability throughout the chain of
evidence.

Collaboration and Real-World Data Sharing

Gaurav Singal, vice president of data strategy and product develop-
ment at Foundation Medicine, noted that real-world data are emerging
as key enablers in oncology research, with numerous efforts under way to
leverage and link real-world datasets across academic medical centers, con-
sortia, and industry. One example of an industry-driven collaboration is the
Clinicogenomic Database, assembled by Foundation Medicine and Flatiron
Health, to combine patients’ clinical data with their genomic sequencing
data (Agarwala etal., 2018; Singal et al., 2019). Singal said that exploratory
analyses of the Clinicogenomic Database found replication of previously
described associations between clinical and genomic characteristics, driver
mutations and response to targeted therapy, and TMB and response to
immunotherapy among patients with advanced NSCLC (Singal et al.,
2019). Singal noted that this was an important first step “in what will be
an evolving effort to determine where exactly one can reliably use real-world
data—collected, integrated, [and] linked in a somewhat . . . novel way.”

He said that a major challenge of this collaboration was developing a
methodology to bring together deidentified patient datasets in a manner
that preserved patient privacy by complying with the Privacy Rule pro-
mulgated under the Health Insurance Portability and Accountability Act
of 1996.%° Flatiron Health and Foundation Medicine used a tokenizing

30 The HIPAA Privacy Rule “establishes national standards to protect individuals’ medi-
cal records and other personal health information and applies to health places, health care
clearinghouses, and those health care providers that conduct certain health care transactions
electronically.” See https://www.hhs.gov/hipaa/for-professionals/privacy/index.html (accessed
March 29, 2019).

Copyright National Academy of Sciences. All rights reserved.


http://www.nap.edu/25405

Advancing Progress in the Development of Combination Cancer Therapies with Immune Checkpoint Inhibitors: ...

PROCEEDINGS OF A WORKSHOP 47

technology from a third-party clearinghouse to merge these datasets, and
added that the companies are able to re-link the datasets on a quarterly basis
using this technology (see Figure 3). “I share this because it wasn’t a trivial
problem to solve . . . many of the sorts of opportunities we have as a com-
munity to share [really depends on] the methods,” Singal stressed.

Abernethy agreed, saying this “is going to be the most important part
of data sharing.” She described a pilot project led by Friends of Cancer
Research—involving six collaborating partners—with the aim of correlat-
ing real-world clinical endpoints with overall survival among patients with
advanced NSCLC who received immune checkpoint inhibitor therapy.®!
“It was quite remarkable that all of these organizations . . . agreed to work
together because we all saw this as a common problem to solve together . . .
how do we specify endpoints, how do we come up with a common data
model, [and] how do we do this [kind of] work,” said Abernethy. As a
group, the organizations developed a workplan for assessing the perfor-
mance of real-world endpoints across multiple datasets, and then examined
whether the various datasets could achieve a similar level of correlation and
statistical significance using the common framework.

Abernethy described a number of challenges that need to be overcome
to advance real-world data sharing. For example, she said ensuring that
the data are accurate, complete, and uniform is difficult. “Getting the
data cleaned [is] hard. This is an expensive endeavor, and often takes time,
money, and will.” She stressed the importance of promoting common data
standards and documenting data quality in order to aggregate large datasets
and perform meaningful analyses. She said that a critical challenge is incom-
plete mortality data among real-world datasets. This threatens the validity
of conclusions derived from real-world data, because lengthened survival
could be attributed to missing mortality data, rather than a reflection of
actual patient outcomes.

WRAP-UP

Dansey reflected that this workshop convened experts with diverse
perspectives to consider solutions to ongoing challenges in the development
of combination cancer therapies with immune checkpoint inhibitors. The
state of the science is changing rapidly, and workshop speakers emphasized

31 See https://www.focr.org/sites/default/files/pdf/RWE_FINAL%207.6.18.pdf (accessed
April 30, 2019).
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how these therapies are transforming the landscape of cancer treatment,
especially for patients with lung cancer, but there are still many challenges to
overcome in developing effective combination therapies. Speakers discussed
potential opportunities to streamline the deluge of drug development
research in this area based on prioritization of rational, science-based com-
bination strategies. He noted the importance of biomarker research—both
in refining and standardizing current biomarkers, as well as in the identi-
fication, development, and validation of new biomarkers—to better select
patients who might benefit from immune checkpoint inhibitor therapy and
to prioritize combination strategies for evaluation in clinical trials. To con-
duct this research, he stressed the critical importance of collecting, process-
ing, and storing biospecimens under standardized conditions. A number of
speakers highlighted opportunities to improve clinical trials for evaluating
combination strategies, such as prioritizing trials that are designed to answer
questions that are important to patients; selecting appropriate endpoints;
and using novel designs, such as master protocols, shared control arms, or
external control arms. Discussion also focused on how real-world data could
build on and improve the evidence base from clinical trials. Dansey added
that it was very encouraging to hear that FDA is receptive to considering
innovative approaches and has encouraged drug developers to consult with
the agency to discuss these opportunities further. Speakers also highlighted
the promise of collaborations among industry, academia, and regulatory
partners to advance progress in the development of combination therapies
with immune checkpoint inhibitors.
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Appendix A

Statement of Task

An ad hoc committee will plan and host a 1.5-day public workshop
that will examine the opportunities to improve the clinical development of
immune checkpoint inhibitors for cancer therapy, including in the context
of site-agnostic indications. The workshop will feature invited presenta-
tions and panel discussions on topics that may include the challenges and
opportunities for improving:

* The development, validation, and standardization of biomarkers for
patient selection.

* The assessment of safety and efficacy/clinical benefit in clinical trials.

* Innovations in clinical development programs for combination
treatment strategies, such as approaches for prioritizing potential
combinations (including multimodal therapy), the role of preclinical
modeling to identify promising combinations, and mechanisms for
facilitating access to the best drug candidates for combination trials.

* Evidence requirements and decision making in drug development
and regulatory evaluation for site-agnostic indications.

* Collaboration and information exchange among clinicians, research-
ers, and the pharmaceutical and diagnostic industries, including
precompetitive collaboration, especially for the development of
biomarkers predictive of immune-related toxicities and treatment
response.
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The committee will develop the agenda for the workshop sessions,
select and invite speakers and discussants, and moderate the discussions.
A proceedings of the presentations and discussions at the workshop will
be prepared by a designated rapporteur in accordance with institutional

guidelines.
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7:30 am

8:00 am

8:15 am

Appendix B

Workshop Agenda

JULY 16, 2018

Registration

Welcome from the National Cancer Policy Forum and
Workshop Overview

Roger Dansey, Seattle Genetics

Samir N. Khleif, Georgetown University

Planning Committee Co-Chairs

Session 1: Overview of PD-1/PD-L1 Therapy and the
Need for Combination Therapies
Moderator: Roger Dansey, Seattle Genetics

The State-of-the-Art of PD-1/PD-L1 Development and
Clinical Use/Outcomes
Ramy Ibrahim, Parker Institute for Cancer Immunotherapy

Limits of Monotherapy, and the State of PD-1 and

PD-L1 Combination Therapies in Clinical Trials
Roy Herbst, Yale Cancer Center
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10:30 am

10:45 am

CANCER THERAPIES WITH IMMUNE CHECKPOINT INHIBITORS

Criteria for Selecting Preclinical Combinations and
Combination Prioritization Strategies in Early-Stage
Drug Development
* Academic Perspectives
o Samir N. Khleif, Georgetown University
o Dan Theodorescu, Samuel Oschin Comprehensive
Cancer Institute

* Industry Perspectives
o Emmett Schmidt, Merck
o Chris Boshoff, Pfizer Inc.

Panel Discussion
Break

Session 2: The Role of Biomarkers in Developing PD-1/
PD-L1 Combinations
Moderator: David Rimm, Yale University School of Medicine

Overview of Biomarker Development for Inmune
PD-1/PD-L1 Checkpoint Blockade Combinations
David Rimm, Yale University School of Medicine

Perspectives on Biomarkers for PD-1/PD-L1
Combination Therapies

e Naiyer Rizvi, Columbia University Medical Center
* Benjamin Izar, Dana-Farber Cancer Institute

* Margaret Shipp, Dana-Farber Cancer Institute

The Unique Challenges in Developing Biomarker-
Driven, Site-Agnostic Therapies

Richard L. Schilsky, American Society of Clinical Oncology

The Microbiome in Cancer Inmunotherapy
Christian Jobin, University of Florida

Panel Discussion

12:45 pm  Lunch
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1:30 pm  Session 3: Clinical Trial Design for PD-1/PD-L1
Combination Therapies
Moderator: George Weiner, University of Iowa Holden
Comprehensive Cancer Center

Combination Trial Design Strategies
Adil Daud, University of California, San Francisco, Helen
Diller Family Comprehensive Cancer Center

Master Protocols for Inmunotherapy Combinations
Ahmad Tarhini, Cleveland Clinic and Case Comprehensive
Cancer Center

Strategies for Incorporating Biomarkers in Clinical
Trials for PD-1/PD-L1 Combination Therapies

Lisa Butterfield, University of Pittsburgh and the Society
for Immunotherapy of Cancer

Appropriate Endpoints for Evaluating the Efficacy of
PD-1/PD-L1 Combination Therapies
Elizabeth Jaffee, Johns Hopkins University School of Medicine

Panel Discussion

Includes speakers and

e Linda House, Cancer Support Community
* Louise Perkins, Melanoma Research Alliance

3:25 pm  Break

3:35 pm  Session 4: Regulatory Challenges with Developing
PD-1/PD-L1 Combination Therapies
Moderator: Roy Herbst, Yale Cancer Center

Overview of Regulatory and Labeling Challenges with
Developing Immune Checkpoint Blockade Combination
Therapies

Amy McKee, Food and Drug Administration
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5:30 pm

7:30 am

8:00 am

CANCER THERAPIES WITH IMMUNE CHECKPOINT INHIBITORS

Regulatory Requirements for Site-Agnostic Indications
Steven Lemery, Food and Drug Administration

Industry Perspectives
¢ Daniel Chen, Genentech/Roche
e Katrin Rupalla, Bristol-Myers Squibb

Panel Discussion

Adjourn Day 1

JULY 17, 2018

Registration

Session 5: Precompetitive Data Sharing and
Collaboration to Develop PD-1/PD-L1 Combinations
Moderator: Martin Murphy, CEO Roundtable on Cancer

An Overview of How Real-World Evidence, Data
Sharing, and Precompetitive Collaboration May
Influence the Development of PD-1/PDL-1
Combination Therapies

Amy Abernethy, Flatiron Health

Sharing Data to Support Development, Validation, and
Standardization of Biomarkers in Patient Selection Used
in Immunotherapy Trials

Gaurav Singal, Foundation Medicine

Precompetitive Use of Algorithms to Predict Adverse Events
Sean Khozin, Food and Drug Administration

Panel Discussion

10:00 am Break
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10:15 am  Session 6: Stakeholder Perspectives on the Path Forward
Moderator: Ramy Ibrahim, Parker Institute for Cancer
Immunotherapy
* Roger Dansey, Seattle Genetics
* Roy Herbst, Yale Cancer Center
* Una Hopkins, White Plains Hospital
* Linda House, Cancer Support Community
* Marc Theoret, Food and Drug Administration

11:30 am  Workshop Wrap-Up

11:45 am  Adjourn
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