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INTRODUCTION1

Immunotherapy is a form of cancer therapy that harnesses the body’s 
immune system to destroy cancer cells (Couzin-Frankel, 2013). In par-
ticular, these therapies target or modulate cells or other components of 
the immune system to enhance an individual’s immune response or to 
reduce the inhibition of an individual’s immune response. This enables the 
immune system to identify and subsequently eliminate cancer cells, said 
Samir Khleif, director of the Georgia Cancer Center at Augusta University. 
In recent years, immunotherapies have been developed for several cancers, 
including advanced melanoma, lung cancer, and kidney cancer. In some 
patients with metastatic cancers who have not responded well to other 
treatments, immunotherapy treatment has resulted in complete and durable 
responses. Given these promising findings, it is hoped that continued 
immunotherapy research and development will produce better cancer treat-
ments that improve patient outcomes. Clinical trials are currently evaluat-

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

Proceedings of a Workshop
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ing immunotherapies in patients with various types of cancer, including 
brain, colorectal, and ovarian cancers (American Cancer Society, 2015).

Harnessing a patient’s immune system to fight disease offers potential 
advantages over traditional targeted therapies or chemotherapies. Under 
normal physiological conditions, the immune system acts with a high 
level of specificity to eliminate infections and generate immune cells that 
promote long-term protection from reinfection. In an analogous manner, 
immunotherapy can stimulate the immune system to identify cancer cells 
and to generate the same specificity and long-term protection to eliminate 
and prevent cancer recurrence. Because immunotherapy leverages the 
patient’s own immune cells, these therapies can achieve a high level of 
personalization that may result in fewer side effects compared with other 
targeted therapies or chemotherapy (Sharma et al., 2011; Yang, 2015). 

There is a lot of excitement in the cancer community about the poten-
tial for immunotherapy. For example, the National Cancer Moonshot 
initiative describes immunotherapy as one of the key areas of investment: 
“This initiative will work to extend the early successes of immunotherapy 
for cancer treatment to virtually all solid tumors by harnessing the power 
of the body’s immune system by supporting basic research to increase 
understanding of how the immune system can be used to modify cancer 
cells and their activities” (The White House, 2016). With this promise, 
however, there is also recognition that the clinical and biological landscape 
for immuno therapies is novel and not yet well understood (Yang, 2015). 
For example, adverse events with immunotherapy treatment are quite dif-
ferent from those experienced with other types of cancer therapy. Similarly, 
immunotherapy dosing, therapeutic responses, and response time lines 
are also markedly different from other cancer therapies. Khleif added that 
combination immunotherapy regimens will likely be more promising than 
monotherapies. However, the sheer number of potential combinations, 
as well as determining which ones may be most appropriate to combine, 
and how they should be combined in timing and in dosing, pose incred-
ibly complex challenges. All of these factors influence the development, 
regulation, and implementation of immunotherapies in clinical practice. 
To examine these challenges and explore strategies to overcome them, the 
National Cancer Policy Forum of the National Academies of Sciences, 
Engineering, and Medicine held the workshop “Policy Issues in the Clini-
cal Development and Use of Immunotherapy for Cancer” on February 29 
and March 1, 2016, in Washington, DC. At the workshop, researchers, 
clinicians, patients, and representatives from government agencies, the 
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pharmaceutical industry, and health care payers explored a number of top-
ics, including

•	 Recent findings on how the immune system responds to tumors and 
how that information led to the creation of immunotherapies for 
cancer treatment.

•	 The current state of the science for cancer vaccines, immune modu-
lator drugs, personalized cell therapies, and the use of immuno-
therapies in combination. 

•	 Drug development challenges for immunotherapies, including a 
lack of preclinical animal models and assays; difficulty in selecting 
appropriate clinical trial endpoints, predicting effective doses, and 
anticipating, understanding, and mitigating toxicities; scarcity of 
validated biomarkers to identify patient populations who would 
benefit from immunotherapies; and the complexities of testing 
combination immunotherapies.

•	 New opportunities for collaboration and information exchange for 
advancing the field, including data aggregation and sharing using 
electronic health records (EHRs) and other new sources of data, and 
precompetitive exchange of information.

•	 Clinical implementation of immunotherapies, including scal-
ing up production of personalized cell therapies; addressing the 
novel adverse effects seen with the use of immunotherapies; and 
informing clinicians, patients, and payers about optimal use of 
immunotherapy. 

•	 How to assess the value of immunotherapies and develop a sustain-
able economic model for clinical use of immunotherapies in cancer 
treatment.

These proceedings chronicle the presentations and discussions at the 
workshop. A broad range of views and ideas were presented, and a summary 
of suggestions for potential actions from individual participants is provided 
in Box 1. The workshop Statement of Task can be found in Appendix A and 
the workshop agenda can be found in Appendix B. A glossary is provided 
in Appendix C. The speakers’ presentations (as PDF and audio files) have 
been archived online.2

2 See http://www.nationalacademies.org/hmd/Activities/Disease/NCPF/2016-FEB-29.
aspx (accessed May 27, 2016). 
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BOX 1 
Suggestions Made by Individual Workshop Participants to 

Improve the Clinical Development and  
Use of Immunotherapies for Cancer Treatment

Preclinical Research for Immunotherapy Development
•	 	Increase federal funding for experimental and computational ini-

tiatives to advance immunotherapy development, including new 
antigen development, systems biology modeling, and identifica-
tion of biomarkers for patient selection. (Kaufman, Simon)

•	 	Improve standardization in biospecimen research, including ana-
lytical methods and which biomarkers are analyzed. (Butterfield)

•	 	Develop assays that can show the mechanism of action of 
experimental immunotherapies to help select potential combina-
tion therapies. (Butterfield)

•	 	Leverage protein arrays to assess biological effects of immuno-
therapies. (Fox, Singh)

•	 	Use multiple preclinical animal models to assess novel immuno-
therapies, but also recognize they may not be helpful at predict-
ing toxicities in patients. (Ibrahim, Snyder)

•	 	Consider alternatives to preclinical testing in animal models, 
given the limitations of these models in assessing immunothera-
pies. (Fox, Heslop, Singh)

•	 	Communicate with the Food and Drug Administration early in the 
development process. (Wensky)

•	 	For immunotherapies, use of a minimally anticipated biologic 
effect level (MABEL) should be considered for the selection of 
the starting dose. (Helms)

•	 	Consider options in advance to reduce clinical risk if adverse 
events occur, such as conducting dose escalation slowly and 
having the ability to ablate cells or neutralize cytokines. (Heslop)

Clinical Trial Considerations
•	 	Continue research to identify and validate biomarkers for improv-

ing patient selection for immunotherapies, including PD-L1, 
mutation load, in vitro cell expansion, inflammation, and next-
generation biomarkers (Kaufman, Porter, Rizvi)

•	 	Improve informatics infrastructure, in community practice as 
well as academic care settings, to identify patients most likely to 
benefit from immunotherapies. (Kaufman)

•	 	Standardize the definition of an immune responder and generate 
data that can support use of biomarkers as endpoints in assess-
ing clinical activity. (Ibrahim)
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•	 	Improve the standardization of biomarker assays and the bio-
specimens that are analyzed for predicting treatment response. 
(Butterfield)

•	 	Designate more funding for biomarker studies. (Butterfield)
•	 	Develop surrogate markers of pseudo-progression. (Schwartzberg)
•	 	Consider using Immune-Related Response Criteria to assess 

immunotherapy response. (Wolchok)
•	 	Offer patients the possibility of continuing on an immunotherapy 

even if imaging indicates progression, as long as their perfor-
mance status is maintained in clinical trials. (Wolchok)

•	 	Explore alternative intermediate surrogate endpoints, given the 
inconsistency of immunotherapy responses, as well as alterna-
tive ways of determining progression-free survival. (Sridhara)

•	 	Redesign the safety and toxicity grades because they were not 
designed for immunotherapies. (Porter)

•	 	Increase follow-up times to assess the late occurring toxicities 
and responses to immunotherapies. (Horowitz, Sridhara)

Innovative Trial Designs
•	 	Design clinical trials with an initial brief treatment period and 

intermediate biomarker assessment to enrich clinical trials with 
patients who are likely responders. (Simon)

•	 	Conduct clinical trials that are enriched with patients who have 
rare subsets of disease or different degrees of resistance to 
therapies. (Kaufman) 

•	 	Prioritize small clinical pilot studies rather than large clinical 
 studies of combination immunotherapies. (Simon)

•	 	Design a factorial study of a single treatment or with one or two 
additional treatments in all possible combinations. (Simon)

•	 	Consider novel regulatory paradigms and adaptive clinical trials 
to improve immunotherapy development. (Ibrahim, Kaufman)

•	 	Assess the duration of therapy in clinical trials independently of 
progression of disease to overcome the challenge of pseudo-
progression. (Simon)

•	 	Consider new approaches to vaccine trial designs that can 
assess combinations. (Simon, Singh)

Clinical Practice Data Collection, Sharing, and Analysis
•	 	Develop business models to support data linkages so that 

electronic health records [EHRs] can serve as the information 
backbone for research and care. (Abernethy)

continued
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•	 	Engage clinicians in improving EHR clinical documentation by 
making it easier and providing education and training. (Horowitz)

•	 	Demand interoperability of EHRs. (Abernethy)
•	 	The export of EHR data for research should be a criterion for 

meaningful use and reimbursement from CMS. (Horowitz)
•	 	Improve recognition that processing unstructured data in EHRs 

is resource-intensive, requires analysis by disease experts, and 
continued assessment for quality control. (Abernethy, Horowitz, 
Perakslis)

•	 	Develop mechanisms for maintaining long-term follow-up of 
patients, especially for cellular therapies that persist in the body 
for long periods of time. (Horowitz)

•	 	Organize datasets around patient stories. (Abernethy)
•	 	Encourage widespread collaboration among scientists, oncolo-

gists, patients, and the tech community to facilitate data sharing. 
(Abernethy)

•	 	Overcome challenges to data sharing by addressing data confi-
dentiality, security, and patient consent. (Abernethy)

Precompetitive Collaboration
•	 	Address cross-licensing issues in order to promote combination 

immunotherapy development. (Brenner)
•	 	Make immune modulating agents in commercial development 

available to academics for clinical discovery studies on novel 
combinations. (Simon)

•	 	Use precompetitive collaborations to address challenges in the 
development of diagnostics for immunotherapy, like the PD-L1 
Blueprint Project. (Averbuch) 

Addressing Adverse Effects and Improving Patient, Clinician, and 
Payer Education

•	 	Better inform patients about cancer immunotherapies, especially 
the need to report and address side effects early, as well as the 
potential for pseudo-progression that can occur while taking 
immunotherapies for cancer. (Ibrahim, Schwartzberg, Wolchok)

BOX 1 Continued
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•	 	Leverage patient-reported outcomes, quality of life assessments, 
and long-term monitoring to assess the safety and effectiveness 
of immunotherapies. (Horowitz, Ibrahim, Schwartzberg, Sridhara)

•	 	Ensure that oncology clinicians and health care payers are 
well-informed about cancer immunotherapy treatment, potential 
side effects and how to mitigate them, and expected responses. 
(Ibrahim, Schwartzberg, Weiner, Wolchok)

•	 	Ensure that patients and non-oncology clinicians have very clear 
information about potential side effects and mechanistic treat-
ments to address them. (Thomas, Wolchok)

•	 	Standardize how adverse events in immunotherapy are defined, 
and consider novel terminology for characterizing immune-
related adverse events in clinical trials. (Ibrahim)

Value of Immunotherapy
•	 	Prioritize the patient’s perspective of value. (Darien)
•	 	Ensure payment mechanisms to enable the time for patients 

and clinicians to discuss immunotherapy treatment options and 
engage in shared decision making. (Ganz) 

•	 	Prioritize high-value treatments. (Newcomer)
•	 	Use a mixed-cure model to assess the incremental cost effective-

ness of immunotherapies that accounts for patients who have 
durable responses. (Ramsey) 

•	 	Consider pricing and payment mechanisms that incorporate 
value considerations, such as outcomes-based pricing and 
bundled payment for immunotherapies. (Klein, Rossi)

•	 	Consider using adjuvant therapy as a model for assessing the 
value of cancer immunotherapies. (Schilsky)

•	 	Reallocate resources from non-curative cancer therapies to 
immuno therapies with the potential for durable responses. 
(Brenner)

Improving the Evidence Base to Inform Treatment and Value
•	 	Increase the accessibility of clinical trials for immunotherapies 

(Krug, Newcomer) 
•	 	Consider how early access programs for immunotherapies can 

be used to collect information and data on long-term outcomes. 
(Ganz, Ibrahim, Rossi)
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 BIOLOGY OF THE IMMUNE RESPONSE TO TUMORS

Khleif said that we have known for decades that the immune system 
continually monitors for, detects, and eliminates transformed and malig-
nant cells, but developing therapies that use the immune system to suppress 
tumor growth has been very challenging (Vesely et al., 2011). However, 
progress in basic biomedical research has led to a better understanding of 
the key molecular players in the immune system, which has provided the 
platform for the current development and clinical use of immunotherapies 
in cancer treatment (Makkouk and Weiner, 2015).

Adaptive Immunity to Cancer: T-Cell Response

Several speakers—including Jay Berzofsky, chief of the vaccine branch 
at the National Cancer Institute’s (NCI’s) Center for Cancer Research; 
Malcolm Brenner, professor at the Center for Gene Therapy at Baylor 
College of Medicine; Naiyer Rizvi, director of thoracic oncology and direc-
tor of immunotherapeutics at Columbia University Medical Center; and 
Steven Rosenberg, chief of the surgery branch at the NCI—discussed the 
current state of the science for immunotherapy in oncology. They said that 
tumor cells often express proteins that are not expressed under normal 
physiological conditions, and that these abnormal proteins (antigens) are 
released from the tumor cell and taken up by nearby dendritic immune 
cells called antigen-presenting cells. Antigen-presenting cells detect abnor-
mal proteins using a receptor called the major histocompatibility complex 
(MHC). For each person, this receptor has a unique shape or cleft that 
selects which protein fragments can bind to the antigen-presenting cell. 
The antigen-presenting cell is able to capture an abnormal tumor protein 
fragment via the MHC receptor. This complex is recognized as “not-self ” by 
an inactive CD8+ T-cell (or T-lymphocyte). Other receptors on the T-cell 
can be costimulated, including CD28, CD27, and OX40, which activates 
the T-cell and triggers an expansion of different types of T-cells, including 
cytotoxic T-cells (CD8+) and helper T-cells (CD4+). This activated set of 
T-cells facilitates the immune system’s capability to recognize cells with the 
abnormal tumor protein. The activated cytotoxic CD8+ T-cell identifies 
the tumor cells and releases cytokines and toxic proteins to kill tumor cells 
and to recruit additional immune cells (e.g., B-cells and macrophages) to 
eliminate these tumor cells (see Figure 1).

Bernard Fox, chief of the Laboratory of Molecular and Tumor Immu-
nology at the Earle Chiles Research Institute, said the immune system 
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Figure 1
raster, not editable

FIGURE 1 T-cell mediated cancer elimination.
NOTES: MHC = major histocompatibility complex; TCR = T-cell receptor; perforin 
and granzyme are released from cytotoxic T-cells to promote cell death (Cullen et al., 
2010). 
SOURCES: Rizvi presentation, February 29, 2016; Scott Gettinger.

response is complex, and added that helper T-cells are necessary to achieve 
long-term effective immune response to tumors. He said animals that lack 
CD4+ T-cells are unable to stem the growth of metastatic tumors, despite 
injection with activated cytotoxic T-cells. 

In addition to activating an immune response, the immune system also 
has mechanisms to curb or suppress immune responses. This prevents the 
production of cytotoxic T-cells once an infection or tumor has been cleared, 
and can help prevent an overblown immune response that can result in an 
autoimmune reaction that kills normal tissues. According to Berzofsky, cur-
rent known T-cell suppressor mechanisms (or checkpoints) are

•	 Regulatory receptor/ligand pairs, such as PD-1 (programmed cell 
death protein-1)/PD-L1 (programmed cell death ligand 1) and 
CTLA-4 (cytotoxic T-lymphocyte-associated molecule-4)

•	 Regulatory immune cells, such as CD4+ regulatory T-cells, regula-

PERMISSION PENDING
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tory natural killer T-cells, myeloid derived suppressor cells, M2 
macrophages, regulatory B-cells, and regulatory dendritic cells

•	 Regulatory cytokines, including IL (interleukin)-10, IL-13, and 
TGFβ (transforming growth factor beta) 

All of these immune suppressors “put the brakes” on T-cell activation 
and can attenuate the ability of the immune system to eliminate tumor 
cells. “The T-cell gets turned on, and then the T-cell gets turned off,” said 
Rizvi. “That is just part of the normal biology that occurs when you have an 
immune response. You can’t have unchecked T-cell activation” (see Figure 2).

Tumor Escape from Immune Elimination

Tumors can take advantage of the naturally occurring T-cell sup-
pressive mechanisms to escape from the immune system, a process called 

Figure 2
raster, not editable

FIGURE 2 Three major categories of regulatory elements can suppress CD8+ cytotoxic 
T-cell activation, including regulatory cells, regulatory receptors, and regulatory cytokines. 
NOTES: CD4+ = cluster of differentiation 4; CD8+ = cluster of differentiation 8; 
CTLA-4 = cytotoxic T-lymphocyte associated molecule-4; NKT = natural killer T; IL = 
interleukin; PD-1 = programmed cell death protein 1; TGF = transforming growth factor.
SOURCE: Berzofsky presentation, February 29, 2016. 
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immunoediting, Rizvi and Fox said (Vesely et al., 2011). Chronic exposure 
to tumor antigens, like chronic infections, can cause the immune system 
to shift the balance of T-cell receptors to express a greater proportion of 
immune suppressing receptors, such as CTLA-4, compared to immune 
stimulating receptors such as CD28. Tumors can also upregulate the pro-
duction of checkpoint ligands like PD-L1 on their cell surfaces to directly 
suppress T-cell response. The heterogeneous and continually mutating 
nature of cancer enables the development of these protection mechanisms 
via selective pressures exerted by an individual’s immune system. Only the 
cancer cells with excessive production of immune suppressing factors or a 
lack of immune stimulating factors will survive and repopulate a tumor. 
Rizvi said that “there is not just one pathway of immune escape, but mul-
tiple pathways, which is why single-agent immunotherapy only works in a 
subset of patients with cancer.” 

CANCER IMMUNOTHERAPIES 

Harnessing the current knowledge of immune response to tumors, 
researchers have developed a number of new immunotherapies for cancer, 
including immune modulating drugs that release the brakes on the immune 
system, vaccines that stimulate an antitumor immune response, and cell-
based therapies that use a patient’s own T-cells, said Rizvi, Berzofsky, and 
Rosenberg. Berzofsky noted that unlike conventional forms of cancer 
therapy—such as chemotherapy, radiation, and surgery that directly target 
cancer cells—most immunotherapies primarily target the patient’s immune 
system. 

Immune Modulator Drugs

A new class of drugs—immune checkpoint inhibitors—first entered 
the market in 2011 with the Food and Drug Administration (FDA) 
approval of ipilimumab for patients with melanoma, said Rizvi. The drug is 
a synthetic antibody that blocks the immune suppressing CTLA-4 receptor 
that is typically expressed on the CD4+ T-cell and CD8+ cytotoxic T-cell, 
in order to promote an immune system response to melanoma (Vasaturo et 
al., 2013). He added that in 2015, FDA approved two additional immune 
checkpoint inhibitor drugs, nivolumab and pembrolizumab, for use in 
patients with melanoma, lung cancer, and kidney cancer. Both of these 
drugs are also synthetic antibodies that target and inhibit the immune sup-
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pressive receptor PD-1. Researchers are currently testing other agents that 
block CTLA-4, PD-1, or the PD-1 ligand (Topalian et al., 2015). 

Rizvi reported that a pooled analysis of clinical trials of ipilimumab in 
1,800 patients with advanced melanoma found nearly 20 percent of the 
treated patients were still alive 10 years later, suggesting an unusually dura-
ble response for a subgroup of patients (Schadendorf et al., 2015). “There 
are patients who, after four doses of ipilimumab, are essentially cured of 
metastatic melanoma, which is truly remarkable,” Rizvi said. Response rates 
of nearly 30 percent are seen in patients with advanced melanoma treated 
with anti-PD-1 drugs (Schadendorf et al., 2015). In patients with lung 
 cancer, anti-PD-1 drugs have had a response rate of approximately 20 per-
cent, and some lung cancer patients continue to experience a long-term 
benefit once active treatment is concluded (Gettinger et al., 2015). Signifi-
cant response rates to approved or experimental checkpoint inhibitors have 
also been seen in patients with other types of solid tumors  (Sunshine and 
Taube, 2015). “There’s a huge potential impact of these drugs on the cancer 
landscape,” Rizvi said.

Therapeutic Cancer Vaccines

Therapeutic cancer vaccines are another immunotherapy modality 
under investigation. Unlike prophylactic vaccines for disease prevention, 
therapeutic tumor vaccines are designed to target a unique or highly over-
expressed protein in an existing cancer. The vaccine aims to enhance the 
immune system’s targeting of the tumor cells. “Vaccines against cancer can 
harness the exquisite specificity of the immune system to selectively target 
cancer cells and avoid the kinds of side effects that one sees with less specific 
types of therapy,” Berzofsky said. 

Two types of cancer vaccines are in development. The first is designed 
to stimulate the production of antibodies directed at a cell surface expressing 
antigen. An example of such a vaccine is one that targets the human epi-
dermal growth factor receptor 2 (HER2), which is found in some  cancers, 
including approximately 20 percent of breast cancers. Berzofsky said a small 
preliminary Phase I trial of an adeno-human HER2 vaccine is showing 
promising early results, including frequent objective responses or stable 
disease that is lasting greater than 6 months in patients with advanced meta-
static HER2-positive cancers—including ovarian cancer, gastro-esophageal 
cancer, and colon cancer—in which previous therapy has not worked. He 
added that this response does not require CD8+ or CD4+ T-cells, suggest-
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ing the mechanism is independent of the T-cell adaptive immune response, 
and instead depends on induction of antibodies to HER2.

The second type of vaccine aims to elicit a more complete and possibly 
more durable immune response by inducing a cytotoxic T-cell response 
that targets tumors. “Most cancer antigens are expressed inside the cell and 
cannot be seen by antibodies,” Berzofsky said, making a T-cell-mediated 
vaccine more universally applicable. Berzofsky added that T-cells have many 
advantages as antitumor agents, including their ability to travel through 
multiple tissues, rapidly increase in number, and recruit other immune 
responses. Importantly, T-cells can also co-evolve with a tumor, and con-
tinue to mount an antitumor response when a tumor cell generates new 
antigens (known as neoantigens). 

Antibody-based vaccines, in contrast, cannot alter their specificity to 
accommodate the production of new tumor antigens without the aid of 
other immune cells. “Tumors vary in single individuals not just in time, 
but in space so it is very difficult to come up with a universal antigen” for 
an antibody response, said Brenner. However, antibody-mediated tumor 
elimination does not rely on antigen presentation in the MHC cleft to be 
activated. “This is important because many tumors are MHC-negative or 
do not process antigens very well,” Brenner said.

Fox added that vaccine developers should not neglect B-cells that gen-
erate antibodies in favor of stimulating broader T-cell responses. He said 
one study found that a vaccine against the tumor antigen TRP2 prevented 
tumor growth, even if the mice were depleted of their CD4 and CD8 T-cells 
(Xu et al., 2013). In addition, when serum containing antibodies for TRP2 
was transferred from immunized mice to untreated mice, Fox said that it 
prevented the outgrowth of an implanted tumor. “We should be thinking 
about not only boosting just CD4+ and CD8+ T-cell immunity, but about 
B-cell responses as well,” Fox said. “Cancer heterogeneity mandates we 
strive to get broad immunity with our cancer vaccines. If you select a limited 
number of antigens to go after, in terms of an antitumor response, you are 
giving the tumor an option to escape.”

Within the T-cell-mediated vaccines, a number of strategies are under 
investigation. Berzofsky described the development of a prostate cancer 
vaccine that targeted a protein called TARP, which is expressed in nearly all 
prostate cancers. The intent of the modification was to optimize an immune 
response by increasing the binding affinity to antigen-presenting cells and 
improve immunogenicity (the ability to stimulate an immune response) 
by inducing a T-cell response for TARP-specific T-cells (Oh et al., 2004). 
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This vaccine was evaluated in men whose primary prostate tumor had been 
removed, but whose rising levels of prostate-specific antigen (PSA) sug-
gested microscopic recurrence of cancer. Phase I trial results showed that 
PSA levels were reduced in nearly three-quarters of patients 1 year after the 
vaccine was administered (Wood et al., in press). Berzofsky said a Phase II 
trial of this vaccine was recently initiated. 

Berzofsky added that common mutations in the RAS or p53 gene could 
be used in the development of a cancer vaccine by creating neoantigens that 
are recognized by T-cells and evoke an antitumor T-cell mediated immune 
response (Smith et al., 1997).3 In one study, patients with cancer underwent 
genetic analysis for mutations in RAS and p53. Researchers synthesized pep-
tides that corresponded with the mutations and immunized patients with 
a cellular vaccine that included the mutated RAS or p53 peptide found in 
their tumors. Patients who exhibited positive T-cell responses, as measured 
by gamma interferon levels, had a median overall survival of 470 days, while 
patients who did not respond, had a median survival of 88 days (Carbone et 
al., 2005). Berzofsky said other studies have also found that mutant RAS can 
be a target neoantigen for cancer vaccines, and he noted that rapid sequenc-
ing advances may make this type of personalized vaccine more feasible.

T-cell mediated vaccines are more likely to be effective if they include 
components that block negative regulation of the immune system, 
 Berzofsky said. “The vaccine is trying to induce a CD8+ T-cell that can kill 
a cancer cell, but there are a host of mechanisms that can inhibit this. [PD-1 
and CTLA-4] are just the tip of the iceberg for immune regulation of these 
cells,” said Berzofsky. One cytokine with a newly discovered role in the 
T-cell checkpoint is TGFβ. When mice were vaccinated with an irradiated 
tumor vaccine combined with anti-TGFβ, there was a synergistic treatment 
effect, resulting in improved survival compared to monotherapy with the 
vaccine (Takaku et al., 2010). Researchers found that the increase in sur-
vival was mediated through CD8+ T-cells because when these T-cells were 
depleted, the mice had survival rates comparable to mice in the control arm.

Berzofsky described one of the first vaccine-based therapies for cancer, 
sipuleucel-T (Provenge), which is FDA approved for patients with meta-
static prostate cancer that is resistant to hormonal therapy. This treatment 
involves extracting a patient’s antigen-presenting dendritic cells from a 

3 The RAS gene encodes a protein important in cell signaling, and the p53 gene encodes 
a protein important in cell regulation. When RAS and p53 are mutated, they can drive the 
development of cancer.
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patient’s blood. These cells are then activated using a common prostate 
tumor antigen and cytokine granulocyte-macrophage colony-stimulating 
factor (GM-CSF) at a production facility, and then are reinfused into a 
patient. Sipuleucel-T has been shown to extend the median survival of 
patients with advanced prostate cancer by 4 months (Kantoff et al., 2010).

Fox discussed the generation of neoantigens for vaccine development 
by using the cell degradation pathway to develop autophagosomes from 
degraded protein fragments (both defective ribosomal products from mis-
folded proteins [DRiPs] and short-lived proteins [SLiPs]). Autophagosomes 
can elicit a strong antitumor T-cell response, Fox said, and added that more 
than 100 antigens commonly overexpressed in human cancers were present 
in the off-the-shelf autophagosome vaccine currently in clinical trials (Page 
et al., 2016), including 12 of which have been prioritized for further devel-
opment by the NCI (Cheever et al., 2009). Further, these  autophagosome 
microvesicle vaccines are targeted to CLEC9A+ antigen presenting cells and 
contain damage-associated molecular patterns and agonist activity for 5 
toll-like receptors. An initial study in mice suggested that autophagosomes 
were an efficient method to present tumor antigens to T-cells, and have 
potential for creating potent vaccines against cancer (Li et al., 2008). This 
method may also offer broader therapeutic potential across multiple tumor 
types compared with whole-cell vaccines that are only effective for the 
tumor for which it was designed (Twitty et al., 2011). However, Fox said 
that pre clinical studies suggest that in order to obtain therapeutic efficacy 
in advanced cancer models, vaccines will need to be combined with other 
interventions because they are rarely effective as single agents.

Cell Therapies

Cell-based immune therapies for cancer are treatments that directly 
manipulate a patient’s own immune cells to attack a patient’s tumor. Sev-
eral cell-based immunotherapies were discussed at the workshop, including 
adoptive T-cell transfer, personalized adoptive T-cell transfer, and Chimeric 
Antigen Receptor (CAR) T-Cell Therapy.

Adoptive T-Cell Transfer

Rosenberg provided an overview of adoptive T-cell transfer therapy 
for cancer treatment. The process includes removing a patient’s tumor 
and culturing the tumor-infiltrating lymphocytes, or TILs. The cells are 
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activated and their antigens are then isolated, expanded, and reinfused into 
the patient after the patient’s own immune cells are depleted with radiation 
or chemotherapy. “The T-cells can be administered [already] activated,” 
 Rosenberg said. A patient’s immune cells are depleted prior to reinfusion 
of the cells in order to avoid suppression of the immune response. The 
time frame for adoptive T-cell transfer therapy using tumor infiltrating 
lymphocytes is about 6 to 8 weeks, from when the tumor is removed until 
the activated T-cells are reinfused. 

Rosenberg presented summary data on adoptive T-cell transfer ther-
apy from 194 patients with metastatic melanoma whose cancer had not 
responded to other treatments, which included data from four trials using 
different regimens for depletion of a patient’s immune cells. Twenty-three 
percent of the patients experienced a complete response, and 32 percent had 
partial responses. Of the 44 patients who experienced a complete response, 
only 2 have experienced a cancer recurrence within 4 years. “This is the 
hallmark of immunotherapy. If you can induce a complete response, it is 
very likely to be durable and curative,” Rosenberg said.

Helen Heslop, director of the Center for Cell and Gene Therapy at 
Baylor College of Medicine, reported on her Center’s adoptive cell trans-
fer method for lymphoma. Similarly, this treatment involves isolating 
antigen-presenting cells from blood samples obtained from patients with 
lymphoma. These antigen-presenting cells undergo activation and incuba-
tion with five antigens prevalent on lymphoma cells. Subsequently, these 
antigen-presenting cells are incubated with the patient’s own T-cells along 
with a number of cytokines to elicit T-cell activation, and then reinfused 
into a patient. Because there is no well-accepted preclinical model for 
testing this kind of therapy, FDA required a dose-escalation design that 
increased the number of patients in the Phase I trial. Heslop said that thus 
far, three patients have exhibited T-cell activity across both incubated and 
non-incubated tumor antigens that correlated with clinical response (Leen 
et al., 2015).

Personalized Adoptive T-Cell Transfer 

Expanding on the promising clinical results for adoptive cell transfer 
therapy, Rosenberg described the development of a technique to personalize 
the adoptive cell transfer method for broad application across patients and 
tumor types. To be recognized as an antigen, a mutant tumor protein needs 
to be processed intracellularly into fragments that fit into each patient’s 
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unique MHC cleft on his/her antigen-presenting cells. “What might be 
an antigen in one patient might not be an antigen in another because the 
peptide doesn’t fit in the groove of the particular MHC molecules they have. 
This is a very important biologic point to remember as we begin to search 
for personalized therapies for patients with cancer,” he said. 

However, Rosenberg and Harpreet Singh, managing director, founder, 
and chief scientific officer at Immatics Biotechnology, said methods to 
identify and predict which mutations within each patient’s tumor could be 
used as antigens are notoriously inaccurate. Therefore, Rosenberg developed 
an assay that evaluates the immune-stimulating ability of all the muta-
tions within an individual’s tumor, which can range in number from a few 
dozen to hundreds of mutations. This high-throughput workflow starts 
by sequencing a patient’s tumor to identify mutations and then creates 
25 amino acid peptides that correspond to each mutation (called mutated 
 minigenes). Genes encoding these peptides are introduced to the patient’s 
antigen-presenting cells to identify which mutations are presented within a 
patient’s MHC cleft and are capable of activating a T-cell response. “There 
are no predictions necessary because everything is a direct measurement of 
the ability of a mutation to be an active antigen,” Rosenberg said. “This is a 
blueprint for how one might develop an immunotherapy for virtually any 
cancer.” Proof-of- principle testing in 25 patients whose tumors responded 
to adoptive cell transfer immunotherapy found that each patient harbored 
unique tumor antigens randomly scattered throughout their genome that 
were not shared by other patients. “These [antigenic mutations] are just 
random genes that happened to mutate and have the kind of properties that 
could present that mutation on an antigen-presenting cell and be recognized 
by the immune system,” Rosenberg said. He hypothesized that other forms 
of immunotherapy, such as anti-PD1 or anti-CTLA-4 drugs, also enable 
the immune system to target these random tumor mutations.

Rosenberg has started to apply this technique targeting personal tumor 
mutations in patients who have cancers other than melanoma. One patient 
with metastatic cancer of the bile ducts whose initial treatment failed under-
went whole exome sequencing. She was found to have one mutation (out of 
26 total mutations) that could be recognized by the immune system (Tran 
et al., 2014). Tumor-infiltrating lymphocytes that expressed this mutation 
were expanded in culture and reinfused into the patient, who is experienc-
ing ongoing regression of lung and liver metastases more than 2 years after 
being treated. “A substantial regression for what previously was considered 
an untreatable cancer,” Rosenberg said. Additionally, a study of 22 patients 
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with epithelial cancers, including colon, breast, esophageal and rectal can-
cers, found 57 tumor mutations that were recognized as antigenic by T-cells, 
but only one (a KRAS mutation) was shared with another patient. “The 
lesson here is we have at least 23,000 expressed genes and any one of them 
can potentially become a cancer antigen,” Rosenberg said. 

He said that this technique for identifying patient tumor antigens and 
then treating the patient with his or her own immune cells potentially could 
be applied to patients with any type of cancer. However, there are substan-
tial technical requirements for successful execution. Rosenberg said the 
technique depends on the sequencing of mutations from tumor samples, 
which can be fresh or fixed in formalin and embedded in paraffin. The 
technique also requires the ability to grow TILs in culture, which requires 
fresh tumor tissue. However, fresh tumor samples are often not available or 
are difficult to obtain. 

To overcome these challenges, Rosenberg said that his team has begun 
exploring use of tumor-reactive T-cells from peripheral blood rather than 
the tumor, because circulating T-cells will be easier to obtain. Initial research 
suggests that activated circulating T-cells overexpress PD-1, and could be 
used as a model to test whether a patient’s tumor mutations are recognized 
by the immune system. He said there was often comparability between 
recognition of tumor antigens by PD-1 expressing T-cells from tumor-
infiltrating lymphocytes and from peripheral blood samples. 

Rosenberg also said that this innovative treatment is challenging 
“because we basically develop a new drug for every patient,” which is 
completely counter to the way drugs are traditionally developed and regu-
lated, and increases the cost of treatment. Nonetheless, he said that some 
biotechnology companies have expressed interest in personalized cell-based 
immunotherapy because they see the potential for its application to a wide 
variety of cancer types.

One participant asked what the impediments to clinical trials evaluat-
ing personalized adoptive T-cell transfer therapy are. Rosenberg said that 
current limitations are both biological and technical. The biological limita-
tion is that some patients will not respond to the treatment if mutations 
that can stimulate an immune response cannot be found in their tumors. 
The technical limitation is identifying the rare T-cells that react to tumor 
antigens, which may comprise less than 1 percent of circulating T-cells. 
Researchers are currently exploring high-throughput sequencing, and 
Rosenberg thinks they will be able to identify and isolate those very rare 
tumor-reactive T-cells. 
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Another participant asked if clinicians should be banking viable tumor 
cells from cancer patients who undergo surgery in anticipation of cell-based 
immunotherapy. Rosenberg responded that fresh frozen tumor samples 
could be obtained and stored, and that peripheral blood samples could also 
be stored since they may contain T-cells that recognize mutations. “The 
storage in biorepositories will be very important,” he said. However, he said 
that future patients could also provide tumor and blood samples needed to 
develop personalized adoptive cell transfer therapy. 

A third participant asked about shared tumor antigens that are found 
in the tumors of many melanoma patients, such as MART-1 (melanoma 
antigen recognized by T-cells 1) and gp100 (glycoprotein 100). He asked 
how they compare to the unique melanoma antigens in inciting an immune 
response. Rosenberg said that T-cells targeting these shared antigens tend to 
have weak antitumor activity and they also destroy normal melanocytes in 
the eye, ear, and skin, whereas unique melanoma antigens are less likely to 
have off-target toxicity because these mutations are only found on cancer 
cells. “We have tried to target those shared reactivities unsuccessfully. Can-
cer vaccines that have tried to target these shared relatively weak antigens 
have also not been effective in cancer treatment, because they are not target-
ing the unique mutation in that patient’s tumor,” he said.

A fourth participant questioned whether patients are more likely to 
respond to personalized adoptive cell transfer therapy if they have more 
mutations that can elicit an antitumor T-cell response. Rosenberg said that 
is likely true and that lung cancer patients whose tumors have more muta-
tions are also more likely to respond to anti-PD-1 treatment. “This all fits 
with the hypothesis that the final common pathway of cancer immuno-
therapy is the recognition of cancer mutations,” Rosenberg said. 

CAR T-Cell Therapy 

CAR T-cell therapy is a targeted immunotherapy that combines the 
individualized design of adoptive T-cell therapy, the specificity of antibody 
therapy, and the long-term memory of vaccine therapy, said David Porter, 
professor and director of blood and marrow transplantation at the Univer-
sity of Pennsylvania Abramson Cancer Center. CAR T-cell therapy involves 
genetically engineering patients’ T-cells to express the antigen-binding com-
ponent of an antibody on their cell surface. These T-cell-antibody hybrids, 
known as chimeric antigen receptors (CARs), act with the specificity of 
antibodies to target tumor antigens. They can stimulate immune system 



Copyright © National Academy of Sciences. All rights reserved.

Policy Issues in the Clinical Development and Use of Immunotherapy for Cancer Treatment:  Proceedings of a Workshop

20 POLICY ISSUES FOR CANCER IMMUNOTHERAPY

PREPUBLICATION COPY—Uncorrected Proofs

activation, growth, and survival without reliance on the MHC cleft for 
antigen presentation. In addition, Brenner added that CAR T-cell therapy 
can target carbohydrates and glycolipids or non-processed surface proteins. 
He added that they also retain desirable characteristics of T-cells, including 
trafficking, expansion, persistence, and effector functions. 

CAR T-cells are called “living drugs” because the chimeric receptor 
is propagated when T-cells multiply in the body and can last for long 
periods of time to provide vaccine-like activity. Similar to personalized 
adoptive T-cell transfer, CAR T-cell therapy takes a one-drug−one-patient 
approach. “Every single dose is unique to that specific patient,” Porter said. 
“These cells are both personalized, because every dose comes from a specific 
patient, and they are precise because they specifically target a protein on 
the tumor.”

Porter described the development of a CAR T-cell therapy directed 
against the CD19 receptor on B-cells, a class of immune cells responsible 
for producing antibodies. The CD19 receptor is expressed by most B-cell 
malignancies, and Porter said that research has found that antibodies against 
CD19 inhibit tumor cell growth. Normal B-cells and B-cell precursors also 
express CD19, but not the stem cells that generate blood cells, which helps 
minimize the risk of off-target toxicities developing with the treatment, said 
Porter. This CAR T-cell therapy involves isolating T-cells from a patient’s 
blood, introducing the CARs targeting CD19, and inducing T-cell activa-
tion and expansion. After a patient’s own immune cells have been depleted 
with chemotherapy, the modified CAR T-cells are reinfused into a patient. 
The entire process currently takes about 2 weeks, but Porter expects the 
process to eventually be streamlined to 5 to 7 days.

A single center pilot trial of CAR T-cell therapy was evaluated in 
patients with CD19 positive B-cell malignancies who had no available 
curative therapy options. Among the 43 patients with chronic lymphocytic 
leukemia, one-quarter of patients experienced a complete response and 
23 percent of patients experienced a partial response, for an overall response 
rate of approximately 50 percent. Porter said that the treatment eradicated 
bulky disease, eliminating between 3 and 7.5 pounds of tumor cells in the 
first three patients (Kalos et al., 2011; Porter et al., 2011). “It really was 
quite potent,” Porter said. Biological follow-up found that the CAR T-cells 
expanded rapidly in patients and persisted for long periods of time (Maude 
et al., 2014; Porter et al., 2015). In some patients, CAR T-cells represented 
approximately 13 percent of the total activated T-cell population one year 
after treatment, Porter said, and are approximately 0.3 percent of the 
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T-cell population after 3 years. He said that by 5.5 years, CAR T-cells are 
still detectable in approximately 1 percent of all CD3+ cells. Preliminary 
findings also suggest the persisting CAR T-cells remain biologically active 
because patients continue to lack CD19+ B-cells 5 years after treatment. 

CAR T-cell therapy was also evaluated in children and adults with 
relapsed acute lymphoblastic leukemia (ALL) that was resistant to other 
treatments, including bone marrow transplants. These patients had a 
poor prognosis, with expected median survival of less than one year. Of 
30 patients who were treated, 27 had complete responses (Maude et al., 
2014). “The outcomes were really quite astounding,” Porter said, although 
they did come with significant toxicities, such as B-cell aplasia and cytokine 
release syndrome4 that required some patients to be hospitalized in intensive 
care units. Other centers have also seen around 70 to 90 percent response 
rates with CAR T-cell therapies in patients with ALL, Porter said. “This 
really seems to be a function of the therapy, not a function of something 
that is unique to what we are doing in Philadelphia,” he said. 

Brenner added that B-cell malignancies are especially suited for CAR 
T-cell therapy because most express strong, unique, and consistent antigens 
that are presented with ample costimulants. In addition to the findings in 
ALL, Brenner reported that CAR T-cell therapy directed at the CD19 recep-
tor on B-cells has achieved 50 percent or greater complete response rates 
in patients with many subtypes of lymphoma. “This approach can remove 
even massive tumors [that are] resistant to other therapies. It is a single-dose 
administration that has prolonged responses,” Brenner said, adding that 
several biopharmaceutical companies are conducting large clinical trials of 
CAR T-cell therapy. Promising results are also being generated in Phase I 
trials using CAR T-cells directed at other types of B-cell receptors, he said. 

However, unlike B-cell malignancies, Brenner said that most solid 
tumors have few antigens that are strong, unique and consistently expressed. 
More often, there is a heterogeneous pattern of antigen expression without 
the necessary costimulation required for T-cell activation. Furthermore, 
the solid tumor microenvironment contains cytokines, regulatory immune 
cells, and other factors that “render the environment very hostile to any 
immune response that might develop,” Brenner said. 

4 Cytokine release syndrome occurs when patients experience inflammatory symptoms 
that result from rapid and large release of cytokines into the bloodstream. This can be life-
threatening because it can lead to dangerously high fevers and precipitous drops in blood 
pressure (NCI, 2014).
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To enhance costimulation of CAR T-cells for treatment of neuro-
blastoma, a pediatric brain cancer, Brenner described the use of a virus- 
specific T-cell as a platform for CAR T-cell therapy (Rossig et al., 2002; 
Savoldo et al., 2007). This approach uses a T-cell with a native receptor 
directed to a virus and a chimeric antigen receptor directed to the tumor 
antigen GD2, which is expressed on neuroblastoma and minimally 
expressed on normal cells. The rationale behind this approach was to use 
the virus antigen as a physiological costimulant to improve the  antitumor 
immune response. Given that the viral-engineered T-cells recognize frag-
ments of the virus on antigen-presenting cells “they would get all the 
necessary activation and would traffic the GD2-enginneered T-cells to 
target and kill the tumor cell,” Brenner said. “This way you could turn 
a cold tumor, an inhibitory tumor, into something that looks like a hot 
virus infection to the immune system. You transfer your T-cells that 
target the virus and the tumor, and you develop a potent and crucially 
evolving immune response to solid tumor antigens.” Brenner said that 
this approach has demonstrated immune system expansion, persistence, 
and antitumor activity, but only in the presence of viral infection (Pule 
et al., 2008). 

Combination Therapies

A number of speakers said that advances in immunotherapy treat-
ments will require combination immunotherapies and immunotherapy 
provided in combination with other treatment modalities, including 
surgery, chemo therapy, and radiation. Berzofsky said that checkpoint 
inhibitors are known to be more effective in patients whose immune sys-
tems recognize a larger number of tumor antigens, presumably because 
more types of antigens stimulate a more potent T-cell immune response. 
This idea led to the hypothesis that cancer therapies (including some 
chemo therapies, targeted therapies, and radiation therapy) might potently 
activate antitumor T-cells by promoting tumor cell death and the release 
of multiple tumor antigens. These antitumor effects could potentially be 
enhanced through inhibition of immune suppression by treatment with 
checkpoint inhibitors, such as anti-CTLA-4 or anti-PD1 compounds, or 
other immune response regulators. Berzofsky said that “several research 
groups have found that chemotherapy’s killing of tumor cells releases 
antigens that act as a kind of internal vaccine. It is possible that some 
types of chemotherapy might synergize with something like anti-PD1 or 
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other types of checkpoint blockade where you allow the immune response 
induced by killing tumor cells to contribute to the regression or rejection 
of the tumor.”

Alexandra Snyder Charen, attending physician and translational 
researcher at Memorial Sloan Kettering Cancer Center, discussed this 
hypothesis in an animal model of pancreatic cancer. When researchers 
injected animals with pancreatic tumors followed by anti-CTLA-4 or anti-
PD1, as a monotherapy or in combination, there was little effect on slowing 
tumor growth. However, when combined with the chemotherapy drugs 
gemcitabine and paclitaxel with CD40, an activator of antigen-presenting 
cells, more than half the animals survived for 80 days after tumor injection 
(Winograd et al., 2015). Snyder added that in a melanoma model, the com-
bination of radiation and anti-CTLA-4 outperformed either intervention 
alone. Similarly, anti-PD-1, anti-CTLA-4, and radiation treatment together 
provided the best outcomes (Twyman-Saint Victor et al., 2015). 

Other examples of synergy with combinations of checkpoint inhibi-
tors have also been documented. Rizvi said that one combined dose of 
ipilimumab and nivolumab led to a dramatic regression of a chest wall 
melanoma tumor in one patient (Chapman et al., 2015). “This speaks to 
the power of combination immunotherapy,” Rizvi said. Data also showed 
that the combination of nivolumab and ipilimumab caused a 58 percent 
response rate for melanoma patients with metastatic melanoma; FDA has 
since approved that combination therapy for that patient population, Rizvi 
added. Response rates were 72 percent in patients with melanoma whose 
tumors were positive for upregulation of PD-L1 in tumors and blood 
(Larkin et al., 2015). However, Rizvi said that the toxicity of checkpoint 
inhibitors also increases when they are combined. 

However, both Berzofsky and Rizvi cautioned that cancer therapies 
that target specific genetic defects can also inhibit the immune system, and 
therefore the effects of combination therapies can vary by tumor type. “For 
lung cancer, the patients [who] use targeted therapies are the ones least 
likely to respond to immunotherapy. The notion that you can use targeted 
therapies to convert a lung tumor to a more immunogenic environment 
has not been really shown yet,” Rizvi said. However, he said that there is 
evidence of synergy between targeted therapies and immunotherapies in 
melanoma.
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DRUG DEVELOPMENT CHALLENGES 
FOR IMMUNOTHERAPIES

Several workshop speakers said there are a number of preclinical 
and clinical challenges that are unique to the development of immuno-
therapies. Immunotherapies are more complex and less well understood 
than other types of cancer therapies, so they require unprecedented studies 
and resources, said David Kaufman, associate director of vaccines clini-
cal research at Merck. “Immuno-oncology is different than a lot of areas 
of cancer research in that we really don’t understand how these drugs 
are working. We have some idea . . . but the complexity here is orders of 
magnitude beyond ‘here’s a pathway that you block with this drug and it 
works,’” he said. 

Many speakers agreed that this is especially true for personalized cell-
based immunotherapies. “Every actively personalized immunotherapy is 
different—the product is different. While you can apply certain studies, 
such as proof-of-principle studies, or stability and shelf-life studies on your 
warehouse components, it’s not possible for your final drug product, which 
is unique for every patient,” Singh said. Peter Bross, medical review officer 
at FDA’s Center for Biologics Evaluation and Research (CBER), added, 
“When we are regulating products that are designed for a single person, we 
just have to develop new paradigms.” He said that given the high response 
rates seen in personalized cell-based immunotherapies for cancer, “we have 
to develop a way forward, an approach to this that will facilitate these 
products being available.” 

In particular, Bross suggested changes to the business model for cancer 
immunotherapies, which some people do not view as economically feasible 
without some federal funding of preclinical and clinical development. 
Brenner added that the complexity of these treatments “means you cannot 
follow the standard drug development pathway from preclinical [studies to] 
Phase I, II, and III. Instead you are locked into an iterative phase between 
preclinical and Phase I where you test out your best product, go back to the 
lab, improve it, and go back into the clinic. It is extremely difficult for any 
commercial entity to entertain that open-ended time and money commit-
ment.” He contrasted this with traditional pharmaceutical development, in 
which “you spend a lot of money up front developing an approved drug 
and manufacture it for a few cents or fractions of a cent per pill. Then you 
would administer it, ideally lifelong, to a patient in whom it is ameliorative 
and for whom you can charge the maximum possible amount.” Unlike the 
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pharmaceutical model, CAR T-cell therapy is ideally a one-time treatment: 
“They are curative given a single time. And they are very expensive to make. 
How do we pay for these very expensive one-off therapies?” Brenner said. 
He suggested one option might be to reallocate resources from develop-
ing the current forms of non-curative cancer therapies to immunotherapy 
development.

Kaufman added that another complexity in immunotherapy develop-
ment is the need to test combination therapies because they are likely to 
be more potent in combination and there are numerous possible combina-
tions. “It’s going to take an enormous amount of investment in iterative 
clinical, preclinical, and bioinformatics research that is beyond what usually 
goes on for a single drug approved for a couple of indications. The research 
endeavor here is particularly intense,” he said. Richard Simon, chief of the 
NCI’s biometric research branch, agreed and suggested increased federal 
funding for experimental and computational initiatives is necessary to 
identify new antigens for adoptive T-cell therapy, as well as for integrated 
systems biology modeling for T-cells and their relationships to tumor 
biology and the immune system. “We are beset with more candidates and 
candidate combinations than we can really test just empirically, so we need 
to build a model as we go along that will collect data from studies and help 
us think through issues of timing and how this very complicated system 
works together,” he said.

Preclinical Challenges for Immunotherapy

Animal models for preclinical testing are an essential component of 
cancer therapy development. Whitney Helms, supervisory pharmacologist 
at FDA’s Office of Hematology and Oncology Products, said that FDA 
often requires testing in two animal species for drugs and one animal species 
for biologics prior to the initiation of clinical trials evaluating novel cancer 
therapies. However, a number of speakers noted that conducting preclinical 
studies with immunotherapies continues to be challenging endeavor, given 
a lack of appropriate animal models that can fully capture the complexity 
and dynamics of the human immune response to tumors. 

Mouse Models

Researchers rely on a number of mouse models for establishing proof-
of-principle and evaluation of on-target effects and efficacy of cancer thera-
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pies, said Snyder. There are three main categories of mouse models used in 
cancer research—mice (immunodeficient or immune competent) that are 
implanted with tumor tissue or cell lines, mice that spontaneously develop 
tumors (genetically engineered and carcinogen induced), and mice that 
have a partially humanized immune system (Budhu et al., 2014).5 She said 
that immune modulator drugs that are currently being assessed in human 
clinical trials (e.g., CTLA-4, PD-1, PDL-1, OX40, LAG3, 4-1BB, and 
GITR) have all been developed based on data from mouse models (Budhu 
et al., 2014; Pardoll, 2012). For example, to examine the function and 
potential toxicities following inhibition of CTLA-4, researchers generated 
CTLA-4-deficient mice that exhibited excessive proliferation of lympho-
cytes and multiple autoimmune conditions (Tivol et al., 1995). BALB/c 
mice injected with the B7-51BLim10 murine colon carcinoma were used 
to first test the effects of a CTLA-4 inhibitor on the growth of a colon 
cancer (Leach et al., 1996). Snyder said that these studies show that mouse 
models can generate useful information about drug targets and combina-
tion therapies. She reviewed some of the characteristics of commonly used 
mouse models, and noted that each model has different advantages and dis-
advantages. Common mouse models have been developed for melanoma, 
myeloma, ovarian, and colon cancer, but she emphasized that just because 
the organ of origin is the same, it does not mean that the mouse model 
recapitulates the human cancer. 

Mouse models enable researchers to explore factors that might influ-
ence the safety and effectiveness of immunotherapies that are difficult or 
impossible to manipulate in humans, Snyder said. For example,  researchers 
were able to assess the influence of the gut microbiome on checkpoint 
blockade by giving mice fecal implants in addition to anti-PD-L1 treat-
ment (Sivan et al., 2015). Another study showed mice who live in germ-
free facilities or are given broad-spectrum antibiotics lose their response to 
anti-CTLA-4 drugs compared to normally housed mice with a functional 
gut microbiome (Vétizou et al., 2015). These preclinical studies informed 
a prospective clinical study assessing the composition of gut microbiota 
and occurrence of colitis in CTLA-4-treated patients, said Snyder (Dubin 
et al., 2016). 

However, mouse models also have their limitations when used to test 
the safety or effectiveness of cancer immunotherapies or even their mecha-

5 Snyder did not cover humanized mouse models, both because they have not yet been used 
to make the major discoveries in the checkpoint blockade field and due to time constraints. 
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nisms of action, Snyder said. A common mouse model—the implantable 
tumor model, or xenograft model—often uses immune-deficient mice that 
receive a direct tumor injection (often from human tumor cell lines). Once 
the tumor grows, the mouse is treated with an anticancer agent and then 
outcomes are assessed by measuring tumor growth and mouse survival. 
Because immunotherapy requires a functional immune system, immune-
deficient mice models are not sufficient to evaluate hypotheses related to 
immunotherapies. Other syngeneic mouse models exist, in which tumor 
cell lines developed from the same strain are implanted into immune com-
petent mice (for example, the B16 melanoma and ID8 ovarian cell lines in 
C57/BL6 mice). Advantages to their use are that they demonstrate rapid 
and reliable tumor growth, are available for multiple cancer types, and 
interventions on the tumor cell lines can be made prior to implantation. 
However, the drawbacks of these models are that these tumors are relatively 
homogeneous, consisting of a single cell line, and these models do not 
replicate the time course of human tumor growth because they grow at a 
much faster rate. “This may translate into different immune interactions 
taking place systemically and in the tumor microenvironment,” Snyder said. 
While recognizing that mice have much shorter lifespans than humans, 
“Undoubtedly the time course of the immune system’s knowledge of an 
interaction with the tumor impacts the data we get from studying the 
tumor and tumor microenvironment in mice,” Snyder said. She added that 
predicting a disease-specific application is generally not realistic with many 
available mouse models. Many immunotherapies require MHC matching 
between the immune system that is being stimulated and the tumor it needs 
to target. Consequently, a researcher cannot evaluate an immunotherapy in 
a mouse that has an implanted tumor from another strain of mouse or from 
a human, as is commonly done for other cancer therapies, Berzofsky added. 

 Mouse models that spontaneously develop tumors may recapitulate 
human tumor development and heterogeneity more faithfully, Snyder said. 
Furthermore, carcinogen-induced spontaneous tumors also model tumor 
immune escape mechanisms similar to humans. However, there are also 
challenges in using spontaneous mouse models, including the time com-
mitment (a single experiment may take 6–12 months), expense, and chal-
lenges in interpreting results due to intermouse heterogeneity. There are also 
limitations with genetically engineered mouse models in which mutations 
are continuously present from birth, because the immune systems of these 
mice may develop tolerance to their tumors and certain immunotherapies 
may be less effective or more difficult to test in these animals. 
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Compared to the human immune system, the immune systems of most 
mouse models are also more homogeneous and demonstrate less MHC vari-
ability. Heslop and Fox added that the different immune systems of mouse 
models may have different target antigens and exhibit different responses. 
Fox described experiments designed to provoke an immune response 
in mouse models by genetically engineering the B16 melanoma tumor 
cell line to express receptors for several interleukins, interferon gamma, 
granulocyte-macrophage colony-stimulating factor (GM-CSF), and a 
number of other cytokines. While irradiated tumor cells did not stimulate 
significant anti-tumor activity, the investigators found that irradiated tumor 
cells expressing GM-CSF stimulated strong, long-lasting, and specific anti-
tumor immunity (Dranoff et al., 1993). Snyder also said that other factors, 
such as environmental exposure, age, and gender variability, are also poorly 
modeled using mice. 

Some mouse models are better suited to studying autoimmune toxici-
ties linked to the use of checkpoint inhibitors, including NOD6 and SJL/J7 
mice. The latter was used to show that injections of CTLA-4 inhibitors led 
to inflammation of the pituitary and circulating antipituitary antibodies. 
This mouse model was informative, given that hypophysitis (an inflam-
mation/autoimmune disorder affecting the pituitary gland) is seen in 4 
percent of patients treated with ipilimumab (Iwama et al., 2014). However, 
autoimmunity is rarely seen in mice and difficult to measure when it does 
occur; in addition, some autoimmune effects seen in mice, such as the 
cardiac toxicity following treatment with checkpoint inhibitors, are not 
recapitulated in humans, Snyder said (Nishimura et al., 2001; Tivol et al., 
1995; Uno et al., 2006). 

In addition, experiments conducted with different mouse models can 
lead to conflicting findings. For example, when researchers performed the 
same experiment in two different sarcoma models to study immunoediting, 
Snyder said the results were quite different (DuPage et al., 2012; Matsushita 
et al., 2012). “These imperfect models teach us about immunoediting, but 
do not tell us specifically what to do with human sarcomas. We can translate 
the concepts, but not the precise details from these mice models,” said Snyder. 
She added that different mouse models for melanoma can also result in dif-

6 NOD = non-obese diabetic.
7 SJL/J = SJL mice display a very high incidence of reticulum cell sarcomas resembling 

Hodgkin’s disease by approximately 1 year of age. See https://www.jax.org/strain/000686 
(accessed June 2, 2016).
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fering data. When two genetically engineered mouse models with the same 
gene alteration but different phenotypes from two models (one developed 
benign non-invasive uninhibited melanocyte growth disease only while the 
other developed aggressive metastatic disease) were treated with an antitumor 
vaccine, only the first group of mice was protected from developing tumors. 
Because different mouse models have often generated conflicting findings, 
Snyder said “the evaluation of any intervention in several models is critical.”

Angela Thomas, clinical trials chair of the Biological and Vaccines 
Expert Advisory Group at the UK National Health Service (NHS), added 
that “the ultimate clinical model for these therapies is the human.” She 
said that a rodent model used to assess a targeted therapy did not predict 
the significant inflammation in the lungs that occurred when the drug was 
tested in humans because the model did not have the same receptors in lung 
cells as humans. “It is very important to realize where the pitfalls are. Non-
clinical models can be very difficult and they can also be misinterpreted and 
lead to quite significant problems,” said Thomas.

Monkey and Other Large Animal Models

Following preclinical studies, monkeys or dogs are used to predict 
treatment toxicities because these animals are more evolutionarily related 
to humans and are considered appropriate models to assess safety concerns. 
However, a number of workshop speakers said that these large-animal 
 models are limited in their ability to predict safety of cancer immunotherapy. 
Helms said that a major issue at FDA has been determining the relevance of 
the species used in animal testing for cancer immunotherapies. Helms said 
that studies of an anti-PD-1 drug in monkeys occasionally showed patterns 
of immune cell infiltrations to multiple organs, but not the autoimmunity 
issues experienced by some patients when these drugs are used in the clini-
cal setting. “At exposures well above those seen clinically, there was no clear 
autoimmunity in the animals,” she said. “While we are not completely ready 
to give up on the monkeys, they seem to have a different kind of threshold 
for toxicity,” she said. Ramy Ibrahim, clinical vice president of Immuno-
Oncology at AstraZeneca, agreed, noting that “preclinical data are not very 
informative in predicting toxicities and we try not to rely on preclinical 
models for safety.” John Connolly, scientific development advisor at Tessa 
Therapeutics, suggested that a limitation of monkey models is a lack of tools 
for characterizing their immune systems, which “will come in handy when 
we start looking at combinations of these biologics.”
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George Weiner, director of the Holden Comprehensive Cancer Center 
at University of Iowa, asked if pigs or other large animals could be used as 
preclinical models for cancer immunotherapies. Helms said “there is no 
FDA guidance that says it has to be a monkey,” but because  antibodies and 
other reagents have been developed for monkey models, FDA has more 
confidence in data from monkey studies. “But if you could show the target 
is bound in pigs and that it is a pharmacologically relevant species, I don’t 
think you would be prevented from using that model.” She added that 
sometimes rabbit models are used, in addition to rodent studies, but the 
preference is for an animal that is further up the evolutionary tree and closer 
to humans for preclinical tests of toxicity. 

Weiner questioned whether transgenic pigs that develop tumors could 
be used to test immunotherapy effectiveness. Helms suggested that these 
animals could be useful for proof-of-concept studies and to assess thera-
peutic activity, but transgenic pigs are not designed for toxicology studies. 
However, she said, “If you had a rigorous program, we would entertain it. 
We try to be flexible.” Allen Wensky, biologist at FDA’s CBER, added that 
research using the pig model is advancing, and “I definitely encourage that 
field to go forward. [There are] pig knockout models now, which are going 
to be amazing tools down the road, considering we [currently] have mostly 
mouse and rat knockout models. [Pig] models . . . could potentially be 
used as a safety model and they need to be developed and presented to us 
at FDA.” Helms added, “You just need to make your argument and make 
a clear case for the model. Give us your justification.”

Several speakers said that the lack of animal models for the complex 
interactions between the immune system and tumors creates numerous 
challenges when trying to identify the mechanisms of action in immuno-
therapies. For example, each species has a unique MHC; the human version 
is the human leukocyte antigen (HLA) complex, while in mice it is called 
the H2 complex (Neefjes et al., 2011). Because of these species-unique dif-
ferences in MHC, Singh said there are no relevant toxicity-predicting animal 
models for the protein fragments that fit within the HLA clefts of human 
immune cells (or HLA-restricted peptides). “This is strictly a human-specific 
setting. Non-transgenic animals are not relevant because they don’t carry 
HLA, and even HLA-transgenic animals do not express the relevant com-
ponents of the human antigen processing machinery, so they may present 
very different peptides. If you do see a toxicity signal, it may be misleading 
and you may prematurely disregard a product. If you don’t see a signal, this 
may also be misleading because you have a false sense of security,” he said. 
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Connelly said it is important to model the phenomenon of epitope 
spreading, which occurs when the immune system can target multiple sites 
on the same antigen or multiple antigens from a single tumor (Disis et al., 
2004; Hardwick and Chain, 2011). He suggested that immunotherapies 
for cancer could be optimized by predicting epitope spreading in animal 
models. Lisa Butterfield, professor of medicine, surgery, and immunology 
at the University of Pittsburgh, agreed, but added that it is challenging to 
identify a relevant model for this biological process. 

Several other workshop participants also emphasized that the lack of 
suitable animal models to evaluate cell-based immunotherapies can thwart 
progress in clinical development. For example, Heslop said that lack of appro-
priate animal models to evaluate the toxicity of an Epstein-Barr virus–specific 
T-cell therapy to prevent or treat patients with Epstein-Barr virus–related 
lymphoproliferative disease after receiving a bone marrow transplant led to 
FDA placing a hold on the clinical trial, due to concerns about cross-reactivity 
damaging normal healthy tissue (Heslop et al., 2010). Heslop said there was 
no suitable model to assess cross-reactivity.

Experimental Assays

Researchers have developed a number of experimental assays to assess 
the immune response to tumors following immunotherapy treatment. 
These assays measure a range of biological elements, including changes 
in immune-regulating cell abundance or release of cytokines. However, a 
number of presenters said that there is a need to develop new assays and to 
standardize and validate current assays to promote more reliable results and 
experimental interpretations. For example, Butterfield said it is important 
to determine the mechanism of action when an immunotherapy works; 
such as, did the treatment activate a cytotoxic T-cell or did it counter 
the immune suppression of regulator T-cells? “Without knowing these 
mechanisms of action, we don’t have rational approaches to make immuno-
therapy combinations,” Butterfield said. She added that immune assays 
are costly, so researchers tend to select just a few to assess the activity of an 
immunotherapy, but it is unclear whether a limited set of assays will lead 
to misinformation about underlying mechanisms of action. Fox offered an 
analogy of “only looking for your keys under the streetlight,” because in 
immunotherapy research, “we are limited by what we can look for when 
we are targeting cancer with immune responses. We don’t have good tools 
to look at the vast spectrum of targets that are potential antigens in cancer.” 
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Despite some progress on standardization of immune assays, such as 
measuring regulatory T-cells in circulation, there is mixed evidence about 
the biological significance of tumor infiltration of these T-cells, Butterfield 
said. She suggested that the mixed evidence might be due to researchers using 
different test methods such as immunohistochemistry and flow cytometry. In 
particular, there is significant variability among methods for flow cytometry. 
Myeloid-derived suppressor cells are thought to be potent suppressors of 
antitumor immune responses; in humans, there are 10 subsets of these cells 
and researchers are still trying to assess which type of immature myeloid cell 
or myeloid-derived suppressor cell affects antitumor immunity, Butterfield 
said. Part of the challenge is that researchers all use different parameters when 
using flow cytometry, called gating, even if they use the same markers. “We 
still need standardization in how to measure these cells,” Butterfield said. 

In addition to T-cell assays, Fox described the potential use of protein 
arrays to assess antibody responses to cancer immunotherapies. He dis-
cussed a study of patients receiving anti-CTLA-4 treatment in combina-
tion with the cytokine GM-CSF, in which the researchers used serum from 
patients to run protein arrays to detect antibodies (Kwek et al., 2012). The 
presence of antibodies served as a surrogate marker for activated helper 
T-cells and possibly cytotoxic T-cells, Fox said, because activation of these 
T-cells is critical for B-cell-mediated antibody production. He added that 
there was a recent journal article on novel technologies and emerging bio-
markers for personalized cancer immunotherapy that included discussion 
of protein arrays to assess antibody responses (Yuan et al., 2016). He added 
that protein arrays to evaluate immune response in mouse models would 
be useful, but unfortunately do not yet exist. 

There are also other new technologies under development, such as 
immune profiling, which provides in-depth characterization of the immune 
system through next-generation sequencing and other high-throughput 
analyses. Immune profiling can detect how immunotherapies alter immune 
cell repertoires and functional activities. But such profiling “is still in the 
pilot stage in a lot of settings. We have fantastic new technologies . . . but 
we do not yet have a robust [set] of data showing how effective they are,” 
Butterfield said. 

Singh described the development of an immunopeptidome platform 
that uses high-throughput mass spectrometry to separate, identify, and 
sequence hundreds of thousands of tumor peptides and assess their ability 
to provoke immune responses using immunoassays (Walter et al., 2012; 
Weinschenk et al., 2002; Yadav et al., 2014b). “We would like to map as 
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far as possible the entirety of the immunopeptidome, not only on tumor 
tissues, but also on normal and healthy tissues to really understand the 
differences,” he said. Singh added that this platform has a target database 
collected from 9,000 experiments analyzing approximately 20 different 
tumor types and 40 different normal tissue types, resulting in a quarter 
million unique MHC-restricted peptides. He said that more than 1,500 of 
these peptides have some degree of association with cancers and might be 
useful for assessing personalized cancer immunotherapies. This technology 
has also identified neoantigens and found that most peptides containing 
unique mutations in cancers are not presented by MHC molecules on the 
cell surface, although there are rare exceptions (Yadav et al., 2014a). Singh 
said that tools that examine how peptides are actually presented would be 
more useful for predicting which cancer antigens are likely to provoke an 
immune response, compared to in silico prediction algorithms. Mass spec-
trometry immunopeptidome assays can also provide quantitative informa-
tion on how many copies of a peptide are present in individual cells and 
assess varying copy numbers between peptides originating from the same 
source protein. “Every tumor is different and provides unique antigens, and 
ideally should be assessed in an unbiased fashion,” Singh said. 

The ability of the platform to detect whether immune-stimulating 
peptides are shared by tumors and normal tissues can also help predict on-
target toxicity, Singh said. For example, an analysis of a colorectal cancer 
antigen (carcinoembryonic antigen [CEA]) found that it was present in 
stomach cancer, non-small cell lung cancer, and colorectal cancer, but 
CEA was also detected on healthy colon tissue, which Singh said can help 
explain the toxicities experienced in the clinical trial targeting CEA in colon 
cancer (Parkhurst et al., 2011). Off-target toxicities can also be predicted. 
One analysis of the T-cell receptor that recognized the testes cancer antigen 
MAGE-A3 found that although the antigen is not expressed on normal tis-
sues (with the exception of the testes), the T-cell receptor cross-reacts with 
another peptide derived from the protein titin, which is found in heart and 
muscle tissue (Cameron et al., 2013; Linette et al., 2013). “This T-cell recep-
tor would not have moved forward because of that cross-reactivity signal 
you can detect early on during the discovery phase,” Singh said.

Evidence Requirements and Considerations for First-in-Human Trials

Several presenters suggested that because of the limitations of pre-
clinical animal models and tests for cancer immunotherapies—especially 
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highly personalized cell-based therapies—perhaps preclinical testing in 
animal models is not always necessary. Instead, some workshop speakers 
suggested that a more thorough evaluation of the mechanisms of action and 
likely off- and on-target toxicities could be based on information compiled 
from genetic databases, computer models, and proof-of-concept studies. 
Once this evidence is assessed, several speakers suggested that clinical test-
ing could initially be started with low doses that escalate slowly over time 
to ensure that no serious toxicities are evident before proceeding to higher 
doses. For example, the FDA clinical hold on the T-cell therapy clinical 
trial that Heslop described was lifted when investigators submitted data 
on structural similarities between the naturally occurring antigens and the 
antigens that were being used to optimize patients’ T-cell therapies. The 
trial was also redesigned as an antigen-escalation study, in which the first 
group of patients received only one antigen and the second group received 
two antigens, until all five antigens were provided to patients. Heslop also 
suggested that investigators consider options in advance to reduce clinical 
risk if adverse events occur, such as having the ability to ablate cells (e.g., 
with steroids) or to neutralize the cytokines that an immune reaction may 
stimulate. She added that in a CAR T-cell therapy clinical trial, researchers 
were able to counter the life-threatening cytokine storms in some patients 
by administering anti-interleukin-6 treatment.

Wensky suggested that various other sources of preclinical and clini-
cal data could be leveraged, including any published data in peer-reviewed 
journals, or animal studies using an analogous product where an appropri-
ate animal model for the intended clinical product does not exist. Other 
opportunities include reviewing previous clinical trial results and modifying 
clinical trial designs to help mitigate risk. “A lot of [what] we do is about 
risk mitigation so that before we enter a clinical trial, we have done what we 
can to make it as safe as possible, but not be too onerous about what we ask 
for,” Wensky said. He pointed out that FDA released a guidance document 
in 2013 that discusses the preclinical assessment of cellular and gene therapy 
products (FDA, 2013). Wensky also suggested communicating with the 
Office of Cellular, Tissue, and Gene Therapies within CBER early in the 
development process of an immunotherapy for cancer. He noted that they 
have an option called a pre-pre-Investigational New Drug (pre-pre-IND) 
consultation that may be appropriate at very early stages of development if 
sponsors wish to seek FDA advice on the preclinical program. “We are not 
there to help you develop your product and go through the research. That 
is not our expertise, but these consults can be extremely helpful for spon-
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sors,” he said. Helms added that a thorough examination of the mechanism 
of the immune activity is critical throughout the development of cancer 
immunotherapies. This not only informs the safety of the first-in-human 
tests but also the continued development and post-marketing surveillance.

Helms noted that the International Council on Harmonization (ICH) 
had issued a guidance for industry called, ICH S9, discussing non clinical 
development of anticancer pharmaceuticals (FDA, 2010). “For bio-
pharmaceuticals with immune agonistic properties, selection of the start 
dose using a minimally anticipated biologic effect level (MABEL) should be 
considered,” Helms said, adding that checkpoint inhibitors would fall into 
the class of biopharmaceuticals for which a MABEL would be appropriate. 
Determining a MABEL relies heavily on a variety of pharmacology studies 
rather than the traditional toxicology models, she said. There is no univer-
sal approach for determining a first-in-human dose based on a MABEL 
regardless of the indication. “It is case by case, product by product,”  Wensky 
said. Some useful inputs have been in vitro pharmacological data from 
human and animal target T-cells relevant for toxicology assessments, and 
concentration-effect data from in vitro and in vivo studies. If animal data 
are used, sponsors should provide comparisons of human and animal dif-
ferences in drug exposure, target expression and distribution, and affinity of 
binding and intrinsic efficacy, Helms said. The duration and reversibility 
of the biologic effects should be determined as well as the dose–exposure 
relationship, she added. “What we are really looking for when we receive 
an immunotherapeutic for review is the pharmacology of the targeted 
pathway—is it an agonist or is it an antagonist or is it an immune check-
point inhibitor?” Helms said. She added that assessment of cytokine release 
potential is a now a standard assay for immunotherapies. “If you don’t have 
this data, it might be cause for a clinical hold,” she said. FDA also likes to 
see studies using human cells that take into account multiple mechanisms 
of action. “These are the data that are often most useful in determining a 
MABEL,” Helms said. It can also be useful to know receptor occupancy of 
an agent, although that can be problematic with some upregulated recep-
tors, Helms noted. A MABEL based purely on receptor occupancy data can 
lead to extremely low doses, so it is not always used as the basis for making 
a MABEL determination.

Fox said that it is difficult to determine threshold doses of vaccines 
because they are not usually toxic and do not usually have serious side 
effects. When asked how FDA determines the threshold dose for other 
immunotherapies, Helms said that FDA generally uses the dose that is 
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severely toxic in 10 percent of animals tested as the highest dose to estimate 
an acceptable starting dose. If the MABEL assay approach is used, FDA can 
use in vitro functional studies, such as T-cell proliferation or production 
of interferon gamma, and the EC20 dose (“effective concentration” where 
20 percent of maximum effect is achieved) and pharmacokinetic data from 
available animal studies to determine a starting dose estimate.

Khleif said that immunodulators ramp up the immune system so side 
effects are likely to be immune related, and to occur later and last longer 
than most acute toxicities in cancer treatment. Because animal models 
cannot often recapitulate human immune responses and side effects, he 
asked if FDA would consider skipping preclinical toxicology analyses for 
cancer immunomodulators in which there is either abundant proof-of-
principle studies using the candidate or related agents or in vitro studies 
of the candidate agent that indicate a mechanism of action. Helms said, 
“The point of an animal toxicology study is not just to look for exaggerated 
pharmacology, which obviously we are not seeing so far with some of the 
immunomodulators, but to address the worry that you are going to miss 
something. Maybe you don’t understand the target as well as you thought 
you did—it is expressed somewhere that we did not even consider. I do not 
know if there [will be] a time [when] we are going to say you do not have to 
do animal toxicology studies unless you have a situation where the antibody 
really does not bind, as for some bispecific T-cell engagers for which [there 
is not] a relevant animal model. In those situations, we have had times 
where we did not ask for a toxicology model. But if you have something 
that binds and it is pharmacologically relevant theoretically, it is really hard 
for us to say ‘don’t do it’ at this point.” Wensky added that for biologics, 
suitable animal models are often lacking so the investigational products are 
evaluated on a case-by-case, product-by-product basis. “You have to come 
to us and say ‘this is what is going on. This is what we have. This is the state 
of the art. This is what we can do.’ Oftentimes for our types of products, 
the best you can do is look at off-target toxicities with a bunch of cell lines 
in in vitro studies. It depends on the product, the indication, and the target. 
But I definitely think there are situations where we do not ask for studies 
in animals, especially nonhuman primate studies, if the results would be 
uninformative or masked by an overwhelming xenoresponse,” said Wensky.

Fox said there is a lot of iterative tinkering in the development of cancer 
immunotherapies, and suggested that instead of redoing the toxicology and 
other preclinical studies every time an antibody undergoes minor modifica-
tions, perhaps pilot studies could be completed in a small number of patients 
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in which microdoses of an agent could be injected in patients’ accessible 
tumors to make initial assessments of safety, effectiveness, and mechanism 
of action. Such testing could move combination immunotherapies into 
clinical practice much more quickly, he said. Singh suggested that on-target 
toxicity for immunotherapies can be assessed with a comprehensive study 
of target expression using a highly sensitive RNA sequencing method on 
normal, healthy tissue that could be compared to mass spectroscopy-based 
peptide presentation data to provide the relevant dataset “to really get as 
close as possible to the truth. That’s what we are doing always in science—
we try to approximate the truth.” To further minimize the risk of off-target 
toxicity of genetically engineered, T-cell receptor-based immunotherapies 
such as CAR T-cell therapy, he suggested determining the motif of the T-cell 
receptor through a peptide scan, and then checking that against genomic 
and immunopeptidomic databases to see if there are any cross-reactivities. 
Singh also suggested that clinical dose escalation studies may not be helpful 
in determining toxicities of cancer immunotherapies, and instead suggested 
assessing off-target toxicity in the preclinical setting.

Clinical Trial Design Considerations

A number of workshop participants discussed issues and challenges in 
the design of clinical trials for immunotherapies in cancer, including

•	 Inability to identify which subsets of patients are most likely to 
respond to specific immunotherapies. (Kaufman, Porter, and Rizvi)

•	 Biomarker research, including issues in developing, validating, and 
standardizing biomarkers in immunotherapies. (Butterfield)

•	 Uncertainty in determining appropriate endpoints and duration of 
treatment, given the potential for pseudo-progression, delayed, and 
incomplete treatment response. (Berzofsky, Krug, Schwartzberg, 
Wolchok)

•	 Predicting effective and safe doses of immunotherapies and defining 
appropriate follow-up. (Bross, Porter, Simon, Sridhara)

•	 Ensuring quality control in immunotherapies (Bross)
•	 Complexity of testing immunotherapies in combination and in 

sequence. (Berzofsky, Fox, Khleif, Simon)
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Patient Selection

Immunotherapies often work only in a subset of cancer patients, but 
identifying the reasons why some patients respond is complex because each 
person’s immune response to his/her tumors varies both individually and 
over time. To find the right immunotherapy for the right patient—while 
avoiding therapies that are not likely to be effective and their associated side 
effects—a number of workshop participants discussed the important role 
that biomarkers play in predicting antitumor immune responses. Several 
workshop participants discussed the use of elevated PD-L1 expressed in 
tumors as an indicator for anti-PD-1/PD-L1 therapy. Rizvi said a review of 
checkpoint inhibitors found that elevated expression of PD-L1 on tumors 
correlated with greater likelihood of responding to anti-PD-L1 or anti-
PD-1 therapies (Sunshine and Taube, 2015) (see Figure 3). Patients whose 
tumors do not show elevated expression of PD-1 and PD-L1 are less likely 
to respond to such therapies, but responses are seen in about 15 percent of 
those patients, Rizvi said. “How do we define what an acceptable cut-off is 
versus just giving the drug to everyone with that type of cancer?” he asked. 
An additional challenge with this biomarker is tumor heterogeneity; some 
portions of a tumor may be completely PD-L1 negative, while other areas 
may be strongly PD-L1 positive. 

Several assays for PD-L1 are available, and could potentially help 
inform whether patients should receive PD-1 or PD-L1 inhibitors, or a 
combination of immunotherapies, Rizvi said. PD-L1 testing may also help 
distinguish tumor progression from pseudo-progression, with the latter 
being unlikely in patients who are strongly PD-L1 negative, he added. 
However, there is currently a lack of harmonization among all the different 
PD-L1 tests, each with different characteristics, assay scoring, and inter-
pretation criteria (see the section on precompetitive collaboration for more 
information on PD-L1 Blueprint Project). In addition, core biopsies are 
not always available for PD-L1 testing, and there can be poor correlations 
between the PD-L1 status of biopsies versus surgical specimens, Rizvi said. 
Nonetheless, Kaufman said that “PD-L1 has had and may continue for a 
long time to have significant utility in terms of helping to triage patients 
receiving PD-1 directed monotherapy.” He added that most patients who 
respond to anti-PD-1 therapy have some degree of T-cell inflammation in 
their tumors at baseline that might serve as a biomarker predicting patients 
who are likely to respond. But he said some patients who have inflamed 
tumors do not respond to the treatment. 
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FIGURE 3 Association of PD-L1 expression in pre-treatment tumor specimens with 
objective response to anti-PD-1/PD-L1 therapy. Numerous studies in multiple tumor 
types have demonstrated the constant finding that PD-L1 expression enriches for 
response to anti-PD-1/PD-L1. The weighted average of the overall response rate across 
reported studies for patients whose tumors were tested for PD-L1 is 29 percent (blue 
dotted line), and if the specimen is PD-L1 (+), this increases to 48 percent (red dotted 
line). A significant proportion of PD-L1 (−) patients also respond (green line). Y-axis = 
percentage of patients.
NOTE: H/N = head and neck cancer; Mel = melanoma; NSCLC = non-small cell lung 
cancer; RCC = renal cell carcinoma.
SOURCES: Rizvi presentation, February 29, 2016; Sunshine and Taube, 2015. 
Reprinted from Current Opinion in Pharmacology with permission from Elsevier.

Another proposed biomarker for identifying which patients are likely 
to respond to cancer immunotherapies is the mutation load of their tumors. 
Melanoma, lung, bladder, and other cancers that tend to have high rates of 
mutation (or mutation loads) are more likely to respond than prostate or 
thyroid cancers, which have low mutation loads (Alexandrov et al., 2013) 
(see Figure 4). 

In addition, patients with more highly mutated melanomas, colon, 
or lung cancers are more likely to respond to anti-CTLA-4 or anti-PD-1 
treatments than those with a lower mutation load in their tumors, Rizvi 
said (Alexandrov et al., 2013; Le et al., 2015; Rizvi et al., 2015). He added 
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that mutation load combined with PD-L1 expression levels were especially 
robust in predicting benefit to anti-PD1 treatment in patients with lung 
cancer; 10 of the 11 patients (or 90 percent) who had some level of PD-L1 
expression and highly mutated cancers had a durable treatment benefit 
(Rizvi et al., 2015). However, he said it is difficult to perform whole exome 
genetic sequencing of tumors in order to determine mutation load; he 
added that it might be possible to simplify tumor load analyses by count-
ing the number of mutations in a targeted panel of a few hundred genes 
(Campesato et al., 2015). “This gives you a reasonable estimate of mutation 
load and can be done without doing whole exome sequencing,” Rizvi said.

Porter said an initial comparison between responders and non- 
responders to CAR T-cell therapy examined patient-specific characteristics, 
such as age or prior therapy or genetic risk profile, but it did not discern any 
predictors of response. The only factor that seemed to distinguish between 
responders and non-responders was that the former had rapid expansion of 
their T-cell in vitro (Melenhorst et al., 2010). Researchers continue to search 
for biomarkers for response to CAR T-cell therapy. With such biomarkers, 
“Not only can we select the most appropriate patients to benefit, but if we 
can determine why somebody may or may not respond, we may be able to 
alter that in the patients who previously have not responded,” Porter said.

Butterfield described a study that indicated that levels of ICOS expres-
sion on CD8 and CD4 T-cells was linked to greater patient responses to 
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ipilimumab +/– GM-CSF therapy (Hodi et al., 2014). However, she said 
that this is a prognostic signal and not a validated biomarker ready to be 
used for prediction of patient response as part of the enrollment criteria for 
patients in clinical trials. 

Biomarkers based on next-generation sequencing will be used to select 
patients for combination therapy, Kaufman said, and added that Merck 
is collaborating with NanoString to develop next-generation companion 
diagnostics. He said that for biomarkers to be useful across a broad array of 
combinations, they need to delineate something fundamental about the biol-
ogy of the tumor— for example, if the inflamed T-cell is truly a  dichotomy 
and not a spectrum, then that might be one potentially useful next-gen 
biomarker. “Probably we are going to need even more advanced tools as we 
start to subsegment the categories of resistance and really bring the right 
combinations to the right patients who are going to have  unambiguous 
benefit, while minimizing both the clinical and financial toxicity of combi-
nations for patients who are not going to benefit from those combinations.” 

Kaufman also suggested that clinical trials be enriched with patients 
who have rare subsets of disease or different degrees of resistance to thera-
pies, in order to better understand how immunotherapies perform in these 
patient subsets. He added that there is a need for real-time clinical genomics 
databases in order to identify patients who could be enrolled in clinical trials 
assessing immunotherapies.

Biomarker Research and Standardization 

Several participants said that more standardization of biomarker assays 
is needed. Butterfield said that the Society for Immunotherapy of Cancer 
(SITC) recently convened a task force on immunotherapy biomarkers 
that is exploring the standardization and validation of immune monitor-
ing assays; new developments in biomarker assays and technologies; how 
immune regulation and systemic modulation can be assessed with high-
throughput approaches; and outcomes predictions based on baseline 
immunity and tumor immune environment. “We have [groups] of experts 
from industry, government, and academia working together to reevaluate 
the data and make recommendations,” she said.

There also is a need to standardize what biospecimens are analyzed for 
biomarkers that predict response to treatment, Butterfield said. “We do not 
necessarily have the right specimens [collected and stored] under standard-
ized conditions. Everyone in this room has a slightly different immune 
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system, and if everyone’s peripheral blood monocytes were processed and 
banked slightly differently in each of our own laboratories, that is going to 
introduce noise that may block the identification of that immunotherapy 
biomarker,” she said. “We also need to know what we should be [storing] 
in order to find out if any of these new high-throughput immunoprofiling 
technologies are going to point us in the right direction,” Butterfield added. 

“There isn’t a mechanism for [storing] a lot of different types of sam-
ples for unspecified future research to identify the biomarkers we need,” 
 Butterfield said. She added that many tumor specimens collected in clinical 
trials are likely to be non-viable because they have not been prepared in the 
manner necessary to conduct functional assays, such as the ones needed 
for the personalized cancer immunotherapy that Rosenberg described. In 
addition, the core biopsies that are frequently preserved do not generate 
viable tumor cells. Different tests require different types of blood or tissue 
samples, and without both absolute counts and percentages of all types of 
immune cells, there can be misinterpretation of findings. For example, she 
said that tests may indicate that the number of regulatory T-cells decreased 
in the blood, but because the number of CD4+ T-cells also decreased, the 
regulatory T-cells still comprise the same percentage of T-cells. 

Recognizing that there are a lot of different requirements for the differ-
ent questions that can be addressed with biospecimens, Butterfield said that 
the International Society for Biological Therapy-SITC made a number of 
recommendations to improve biospecimen collection for immunotherapy 
development (see Butterfield et al., 2011). One of the recommendations 
was to store adequate biospecimens to answer current questions as well as 
future questions. She added that these should be collected and stored con-
sistently by well-trained staff using standard operating procedures and full 
documentation of those procedures.

Mark Gorman, a patient advocate, asked if the research community has 
adopted standards for biomarkers or specimen collection, and Butterfield 
responded that most researchers conducting clinical trials seem to embrace 
such standardization and require standard operating procedures for bio-
marker assays. She added that in Europe, a program run by the Association 
for Cancer Immunotherapy supports the harmonization of immune moni-
toring tests and promotes the technical validation of in vitro assays to guide 
the development of innovative cancer immunotherapeutics on the basis of 
immunological outcomes (CIP, 2016). This initiative provides proficiency 
panels to investigators with samples they can test in their own laboratories 
to see how their results compare to the standards.
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To support the development and standardization of patient response 
biomarkers for combination cancer immunotherapies, Kaufman suggested 
establishing an informatics infrastructure that is accessible to patients 
and community oncology practices to enable enrichment of trials with 
patients most likely to benefit. “We have to create an infrastructure where 
we can reach the patients who [are likely to benefit from therapies], and 
that requires really good communication with the community to enable 
evidence gathering. It requires not just physician engagement, but patient 
engagement and using some of the tools that are being developed in the 
informatics space that allow patients to interact with their data and with 
other patients and with the companies and academic centers running clini-
cal trials,” he said. 

When Khleif asked Kaufman how he would implement this concept, 
Kaufman said that there are information technology companies such as 
Flatiron, Foundation Medicine, Google, IBM, and PatientsLikeMe, “who 
bring pieces of this puzzle, but no one has put it all together in a way that 
is going to support what we need. There is both private interest and public 
interest in creating this space.” Kaufman also said that there is currently 
a convergence between immuno-oncology and conventional oncology in 
terms of understanding how oncogenic pathways drive the tumor immune 
microenvironment. “All the tools that have been developed for precision 
medicine and oncology are becoming relevant for immune-oncology,” he 
said. He suggested harnessing the unprecedented collaboration currently 
seen among drug companies and other stakeholders to improve immuno-
therapy development: “We need to bring a new corporate strategy to how 
we approach these issues, and it takes the input of a lot of other players in 
this space and it certainly takes different regulatory paradigms to support 
these types of changes.”

Butterfield suggested that there be more funding designated for 
biomarker studies because such studies are often not competitive within 
the large pool of NCI grants awarded for hypothesis testing. She added 
that exploratory biomarker research is often difficult to conduct within 
the National Clinical Trials Network (NCTN). One Network group, the 
ECOG-ACRIN Cancer Research Group, used to have five specialized 
laboratories, but Butterfield noted that current grant requirements only 
allow the support of a single laboratory: “one laboratory [will now have] 
to develop the expertise to handle all of the types of samples and do all 
of the banking appropriate for all of these different questions we need 
to ask.” 
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Appropriate Endpoints for Immunotherapies

Rajeshwari Sridhara, director of the division of biometrics at FDA’s 
Center for Drug Evaluation and Research, said that to date, FDA has based 
its accelerated approvals of immune modulator drugs on objective response 
rates and PFS, whereas regular approvals have been mostly based on overall 
survival or PFS rates. Sridhara said traditional statistical analyses of PFS 
assume there is a constant treatment effect over time, which does not seem 
to be the case for most cancer immunotherapies because patients often have 
delayed responses to these treatments and may have pseudo-progression 
before tumor regression. She said that patient-reported outcomes are 
important, but they are disease dependent and have not been evaluated 
rigorously in cancer immunotherapies. In addition, overall response rates 
have been inconsistent from one cancer type to another, with melanoma 
patients tending to have greater responses than patients with non-small cell 
lung cancer, for example. 

The effectiveness of cancer therapies is often assessed using the 
Response Evaluation Criteria In Solid Tumors (RECIST) criteria. These 
criteria are based on biomedical imaging results to assess changes in tumor 
size within a short period of time following treatment. Disease progression 
is assumed when tumors increase in size or if new tumors develop. Several 
workshop speakers said these criteria can be problematic for evaluating 
immunotherapies. For example, Berzofsky said it can take much longer to 
show a treatment effect from immunotherapy compared to conventional 
chemotherapy. “One cannot conclude that [an immunotherapy] has 
failed simply by seeing initial progress[ion] on therapy.” Berzofsky said. 
For example, mice treated with anti-CTLA-4 first experienced tumor 
growth prior to regression, said Jedd Wolchok, chief of Melanoma and 
Immunotherapeutics at Memorial Sloan Kettering Cancer Center (Leach 
et al., 1996). Wolchok compared this response to one of his patients 
treated with ipilimumab; the size of the tumor increased after 3 months 
of therapy, but then underwent a significant regression between weeks 
12 and 20 (Wolchok et al., 2008). In another example, Wolchok said 
a patient with skin metastases that were clearly progressing at week 12 
subsequently underwent complete regression. “We learned you cannot 
depend upon empiric time points in order to determine response. This is 
really important in managing expectations in patients and their families 
and physician colleagues, who may be calling and asking for advice as to 
when to change therapy,” he said.
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Wolchok categorized four patterns of clinical responses to ipilimumab 
that investigators have seen, all of which have been linked to favorable 
survival: (1) shrinkage in baseline lesions, without new lesions; (2) durable 
stable disease (in some patients, followed by a slow, steady decline in total 
tumor burden); (3) response after an increase in total tumor burden; and 
(4) response in the presence of new lesions (Wolchok et al., 2009). The latter 
two novel responses make it difficult to use RECIST criteria for research 
purposes, especially in regard to study endpoints. “This makes the data from 
clinical trials really complex unless you use overall survival or landmark 
survival as an endpoint,” Wolchok said. 

After conducting an analysis of Phase II trials of ipilimumab in mela-
noma patients, Wolchok found that 10 to 20 percent of patients showed 
tumor progression on their first set of scans, but subsequently showed a 
response without any additional therapy, which led to the development of 
immune-related response criteria as an alternative to RECIST (Wolchok et 
al., 2009) (see Table 1).

These response criteria try to incorporate the different response kinetics 
seen with checkpoint inhibitor therapies by suggesting that patients have 
confirmatory scans for progression at a later point if they are not symp-
tomatically progressing. In addition, Wolchok said the appearance of new 
lesions can no longer be seen as a definitive indication for progression, and 
instead there needs to be consideration of the change in total tumor burden. 
“We have seen that long-term outcomes can be pretty accurately predicted 
with the use of these atypical response kinetic guidelines,” Wolchok said. 
Approximately 5 to 10 percent of patients who receive anti-PD-1 therapies 
also have atypical responses similar to those seen with anti-CTLA-4 thera-
pies, Wolchok said (Wolchok et al., 2015). However, Berzofsky noted that 
some physicians do not yet accept the use of the immune-related response 
criteria, compared to the conventional RECIST criteria. 

From a regulatory standpoint, Sridhara added that the challenge going 
forward will be determining what the primary and intermediate endpoints 
for immunotherapy clinical trials should be. “Overall survival is certainly 
a clear winner for a primary endpoint, but this may not be feasible,” she 
said, nor is PFS optimal, given a lack of a constant treatment effect over 
time. Wolchok said he originally envisioned overall survival as the primary 
endpoint for cancer, but acknowledged that waiting the long time periods 
needed to determine overall survival may not be practical, since fortunately 
some patients are living so much longer with these therapies. He sug-
gested that a greater mechanistic understanding of pseudo-progressions 
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TABLE 1 Guidelines for the Evaluation of Immune Therapy Activity in 
Solid Tumors: Comparison Between RECIST Criteria and the Immune-
Related Response Criteria 

RECIST Response Criteria
Immune-Related Response 
Criteria (irRC)

New measurable 
lesions (≥ 5 × 5 mm)

Always represent PD Incorporated into tumor 
burden

New non-measurable 
lesions (< 5 × 5 mm)

Always represent PD Do not define progression (but 
preclude irRC)

Non-target lesions Contribute to defining 
BOR of CR, PR, SD, and 
PD

Contribute to defining irRC 
(complete disappearance 
required)

Complete response 
(CR)

Disappearance of all target 
lesions

Complete disappearance of all 
lesions (whether measurable or 
not, and no new lesions)

Partial response (PR) ≥ 30 percent decrease in 
sum of the LD of target 
lesions, taking as reference 
the baseline sum LD

≥ 50 percent decrease in tumor 
burden relative to baseline

Progressive disease 
(PD)

≥ 20 percent increase in 
sum of LD target lesions, 
taking as reference the 
smallest sum LD recorded 
since treatment start or the 
appearance of one or more 
new lesions

≥ 25 percent increase in 
tumor burden relative to nadir 
(minimum recorded tumor 
burden)

Stable disease (SD) Neither sufficient 
shrinkage to qualify as PR 
nor sufficient increase to 
qualify for PD, taking as 
reference the smallest sum 
LD since treatment start

Not meeting criteria for CR or 
PR, in absence of PD

NOTE: BOR = best overall response; CR = complete response; LD = longest diameter; 
PD = progressive disease; PR = partial response; RECIST = Response Evaluation Criteria 
In Solid Tumors; SD = stable disease.
SOURCES: Berzofsky presentation, February 29, 2016; Wolchok et al., 2009. Reprinted 
by permission from the American Association for Cancer Research. 
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would substantiate the importance of alternative surrogate endpoints in 
immuno therapy clinical trials. Wolchok said that magnetic resonance 
imaging (MRI) might be able to distinguish between true tumor growth 
due to progression and increasing tumor size due to immune infiltration. 
He added that positron emission tomography (PET) imaging might also 
provide a better mechanistic understanding of immune cell trafficking to 
tumors that could provide additional support for immune response criteria. 
“Once we can put a bit more data behind the observations, this will come 
more easily,” Wolchok said. 

Some RECIST criteria may still be appropriate if progression is defined 
properly, Sridhara said. “Maybe we are defining progression wrong and for 
immunotherapy we should be looking at confirmed progression—that might 
alleviate some problems,” she said. Sridhara also suggested that alternative 
intermediate surrogate endpoints be explored, given the inconsistency of 
response rates as well as alternative ways of determining PFS. 

Lee Schwartzberg, division chief of hematology and oncology at 
the University of Tennessee, added that surrogate markers of pseudo- 
progression are needed, especially to help inform decisions about whether 
to continue therapy. “We need to establish new technologies to detect 
pseudo-progression as soon as possible,” he said. Wolchok added that his 
colleagues are currently assessing the usefulness of a blood test (referred to as 
a liquid biopsy) to detect mutated BRAF DNA in circulation as a marker for 
melanoma patients. “If the tumors appear larger, but the circulating BRAF 
is dropping, then that should tell you something,” he said.

Lee Krug, Disease Area Head, Lung, Head and Neck Cancer, immuno-
oncology at Bristol-Myers Squibb, said the percentage of patients who 
experience pseudo-progression when given immunotherapies may vary by 
cancer type; it may be more common in melanoma or kidney cancer, but 
less common for patients with lung cancer. That distinction is important, 
given that delaying another treatment for patients with lung cancer because 
there is a slight chance they might be experiencing a pseudo-progression 
may result in a decline in their performance status so that they are no 
longer eligible to receive other therapies. “There should be at least a little 
bit of caution about suggesting that this concept of pseudo-progression is 
really widespread, and we need to really work hard to try to identify if there 
is true tumor growth,” he said. Krug added that how patients are feeling 
can be another indicator of whether their tumor is progressing. “If they 
feel dramatically improved symptomatically, then that would be a good 
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indicator that maybe the scans do not really reflect what is going on with 
the disease,” he said.

Kaufman said that Merck is evaluating an immunotherapy for patients 
with colorectal cancer, and thus far, radiographic responses have been 
relatively slow, with patients feeling better much earlier than the changes 
showed on the imaging. “It’s a small number of patients at this point, but 
it appears there may be different patterns in different disease states and we 
still need to flesh that out.” 

Thomas added that it is hard to collect reliable data about how patients 
are feeling, so regulators are inclined to give more weight to a hard endpoint 
such as imaging. She said that often data on overall survival or progression-
free survival (PFS) might show an advantage for a treatment, but there 
may not be patient quality-of-life data to describe how patients are feeling, 
so assessing patient-reported outcomes (PROs) with immunotherapy is 
important.

Lee Newcomer, senior vice president of oncology, genetics, and 
 women’s health at UnitedHealthcare, asked whether improvements in 
symptoms is enough of a signal to suggest waiting a longer period of time 
before searching for imaging evidence of tumor regression. Wolchok said 
it is infrequent that imaging does not reflect how a patient is feeling, but 
added that it is “very unusual to see imaging [completed] with any decision 
attached to it before 12 weeks. . . . In the context of the life expectancies 
of some of these patients, [that time period] is unfortunately a reasonable 
fraction of that. We do need the imaging, but we need to be careful about 
very early time points. That is where we can see a higher rate of dis cordance 
between potential response and enlargement of lesions on imaging,” 
 Wolchok said. He suggested that patients in clinical trials be offered the 
possibility of continuing on an immunotherapy beyond the point when 
progression is detected by imaging, as long as their performance status is 
maintained, but added “we are all learning about this together.” 

Ibrahim said the FDA guidance document for vaccine development 
acknowledges the need for new response criteria and suggests that the 
studies with immunotherapies should have an exploratory endpoint that 
tries to characterize the immune response rate observed. Wolchok said 
that researchers can start validating the immune response criteria using 
data from exploratory analyses. “We have to standardize our definition 
of an immune responder and generate data that will be convincing to 
 regulators that this is an endpoint that can be used in clinical trials when 
we are assessing the clinical activity. We have advanced our understanding 
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to the point where we have to standardize and validate those endpoints,” 
he said.

Determining Dose, Toxicity, and Follow-Up Time

There are also challenges in determining the appropriate dose and 
expected toxicity for immunotherapy clinical trials, especially for vaccines 
and cell-based immunotherapies in which toxicity does not appear to be 
dose related. Simon said a literature review of a large number of vaccine 
clinical trials found that grade 3 or 4 toxicities were exceedingly low— 
generally less than 1 percent of patients or less than a tenth of 1 percent of 
vaccine administrations. In those patients who did experience grade 3 or 
4 toxicities, there was little evidence that it was dose related, Simon added 
(Rahma et al., 2014). 

Porter said that there was also no obvious dose−response effect in a 
dose−optimization study of a CAR T-cell therapy, although a few more 
patients who received the higher dose experienced a tumor response than 
those who received the lower dose. He added that responses were more 
likely to depend on the degree of T-cell proliferation that occurred when 
CAR T-cell therapy was administered to patients, rather than the quantity 
of T-cells that were initially administered. “It has more to do with how many 
cells you end up with rather than how many cells you put in, so we really did 
not expect to see a dramatic dose−response effect,” Porter said. He also said 
that there was not a dose−toxicity relationship in that study; however, the 
patients who responded to the therapy developed a lack of B-cells. Because 
the treatment targets B-cells, this finding was not surprising and he said 
it is an indicator that the treatment was working. Another indication of 
the treatment response was that patients developed tumor lysis syndrome 
(although this was found to be delayed, reversible, and manageable)8: 
“While this is a measure of toxicity, it is also a testament to the potency of 
these cells,” Porter said. 

In addition, nearly all responding patients also developed cytokine 
release syndrome that could be countered with anti-IL-6 therapy. “Although 
we have a good handle on how to intervene for this cytokine release syn-

8 A condition that can occur after treatment of a fast-growing cancer, especially certain 
leukemias and lymphomas. . . . As tumor cells die, they break apart and release their contents 
into the blood. This causes a change in certain chemicals in the blood, which may cause dam-
age to organs, including the kidneys, heart, and liver (NCI, 2016).
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drome, we do not know exactly when to intervene. There is some fear 
that if we abrogate this response too early, we may prevent the antitumor 
response,” Porter said. 

 “The toxicity with this living drug is unique because cells expand, so 
the dose administered is very different than the final dose these patients see, 
and the cells persist. This drug may continue to be active for years after initial 
therapy. The safety and toxicity grades that we are all used to thinking of were 
not designed for immunotherapies and need to be redesigned,” Porter said. 
To evaluate the CAR T-cell therapy, Porter said that he and his colleagues 
had to design their own novel toxicity grading criteria (Porter et al., 2015)

Bross agreed that is challenging to determine the appropriate doses of 
cell-based therapies because “these cells are expanding in the patients and 
last forever.” He added that although these therapies can result in a cure for 
some patients, they can also cause serious and sometimes fatal toxicities. 
Furthermore, he said the long-term effects of genetically modified cells that 
induce a prolonged lack of B-cells is unknown.

Determining the off-target effects of treatments that use a patients’ own 
cells is also challenging, Bross added. “How do you determine whether it 
is off-target activity when the target is different in every case?” he asked. It 
is also difficult to determine the appropriate follow-up time, with several 
participants suggesting that longer follow-up times are needed to assess the 
toxicities and responses to immunotherapies because these often occur later 
than they do for standard chemotherapy. “Beyond treatment, follow-up is 
necessary and we should think about making sure that this is included in 
trial designs,” Sridhara said. She added that there should also be critical 
consideration of the duration of treatment. 

Quality Control

There are numerous challenges to ensuring quality control of person-
alized cell-based immunotherapies, Bross said. Given that each of these 
products is unique, it can be difficult to determine consistency and potency, 
as well as proper oversight of their stability, transportation, and tracking so 
that the right patient receives the right product. There are also manufac-
turing challenges, such as ensuring identity comparability and sterility of 
products that can affect the statistical interpretation of clinical trials, Bross 
said. But perhaps the ultimate challenge, he suggested, is: “How are we sup-
posed to regulate a product that is different for every patient?”
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Testing Combinations

Khleif said that when cancer patients receive immunotherapy as a 
monotherapy, only a subset of patients experience a tumor response, and 
some patients experience recurrences after an initial response. Some pre-
clinical and clinical studies of combination immunotherapies have shown 
better and more durable response rates, suggesting “combination is going 
to be the name of the game for immunotherapies,” said Khleif. In 2007, 
a study identified 20 potential immunotherapies that could be evaluated 
for combination cancer therapy; Khleif said that the number of potential 
immunotherapies that could be assessed in combination today is probably 
three times as many (NCI, 2007). These agents could be tested not only 
in combination with each other, but in combination with chemotherapies, 
targeted cancer therapies, or radiation therapies. “One statistician calculated 
the possibility of putting together all of these in combination and calcu-
lated it would take 300 years to clinically test them,” Khleif said. “What are 
the clinical trial designs that would be necessary to move this field further so 
we could do it in 10 or 15 years rather than waiting 300 years?” he asked. 
Simon added, “It is likely that to really improve [cancer treatment], we 
will have [therapies] with even more components than what we are seeing 
today—numerous candidate immunomodulating agents—and they will 
need to be evaluated in combinations with current regimens.” 

Helms said FDA traditionally is asked to review drug combination 
therapies in which there has been abundant clinical experience using 
each agent in the combination singly. For these regimens, combination 
 toxicology studies are not usually required. Instead, the drugs are tested 
clinically in combination by initially reducing their doses and proceeding 
based on the clinical experience. For example, a sponsor who was develop-
ing a combination therapy that included a kinase inhibitor and an anti-PD1 
antibody was not required to submit pharmacology or toxicology studies on 
the combination, because there was already significant clinical experience 
with both products used in the combination regimen. Because previous 
preclinical toxicology findings in animals showed that the kinase inhibitor 
could cause a serious inflammation of the heart (although this toxicity had 
not been seen clinically), FDA was concerned that its use in combination 
with a checkpoint inhibitor might increase the likelihood of this occurrence, 
or exacerbate this effect. Consequently, FDA requested that the sponsor 
lower the starting dose of the kinase inhibitor to approximately 20 percent 
of the dose causing the cardiac inflammation in the preclinical studies. 
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If there is no clinical experience with either product used in a combina-
tion, then a combination toxicology study might be warranted, Helms said. 
In cases where there is limited clinical experience with one or both products, 
then combination pharmacology studies are often recommended, including 
in vitro and rodent studies. For example, FDA placed a clinical hold on a 
sponsor who wanted to conduct clinical tests of a combination regimen in 
which there was no clinical information for either agent in the regimen. 
FDA asked for in vitro pharmacology studies to help determine a reasonable 
combination dose to be used in the combination therapy study. The hold 
was lifted and clinical tests of the combination regimen proceeded after the 
sponsor completed clinical dosing studies for each of the monotherapies in 
at least one patient cohort. Occasionally, a sponsor will add a combination 
arm to one of their general toxicology studies of a new agent.

Clinical trials of combination cancer immunotherapies are complex 
because investigators need to consider which agents to combine and how 
to sequence these agents to maximize efficacy and minimize toxicity, several 
speakers said. When the immune stimulant OX40 was given concurrently 
with anti-PD1 treatment in mice, the animals did not survive as long as they 
did when given OX40 alone, Fox said. But when the researchers delayed 
anti-PD1 treatment a day after OX40 treatment, there was a synergistic 
effect—the mice lived much longer than when they received the treatments 
simultaneously, or either treatment singly. “Adding the dimension of time 
makes designing clinical trials much more difficult because not only do you 
have to test every possible combination, but you have to figure out the right 
order and how far apart they need to be spaced,” Berzofsky said. Sridhara 
added that there are challenges involved in labeling sequenced combina-
tion therapies. “You have a new product followed by another product and 
another product. What do you put on the labels of those drugs?” she asked.

Simon suggested that there should be more computational systems 
biology modeling of T-cell effectors and their relationship to tumors and 
the immune system that can help assess which combinations of immuno-
therapies should be tested in patients. “We are beset with more candidates 
and more candidate combinations than we can test empirically, so we need 
something to go along with all of these empirical studies,” he said. One idea 
is to use available data to “build a model as we go along that will help us 
think through issues of timing and how this very complicated system works 
together,” he said. 

Simon also said there are access and licensing challenges in testing 
combination therapies and suggested drug companies make immune 
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modulating agents available to academics for clinical discovery studies on 
novel combinations. He said that acquiring agents from different compa-
nies can be a long, drawn-out process. “The difficulty of having different 
immune modulating agents from different companies is one of the serious 
roadblocks that somehow needs to be tackled if we are really going to make 
maximum progress,” Simon added. Reiterating that clinical trials to evalu-
ate com bination immunotherapies can be complex, Sridhara said improved 
collaboration and more resources are necessary to conduct these studies. 

Innovations in Clinical Trial Designs 

Individual workshop participants discussed innovative trial designs—
including patient enrichment and adaptive designs—as opportunities 
to improve the clinical development and evaluation of cancer immuno-
therapies. Changing the regulatory paradigm to better support innova-
tive clinical trial designs and registration pathways could also be helpful, 
Kaufman said. Simon suggested that a clinical trial could be designed to 
include a brief treatment period followed by an assessment of an interme-
diary biomarker, such as interferon gamma levels or T-cell quantity. This 
information could be used to enrich a clinical trial with likely respond-
ers to immunotherapies, based on the biomarker data, because patients 
who are less likely to experience a tumor response would be taken off the 
trial. Patients who respond would be randomized to either continue or 
dis continue immunotherapy treatment “You essentially are using a post-
treatment marker as a predictive biomarker,” he said, which works in situ-
ations where there are known predictive biomarkers for a treatment. When 
such predictive markers are not known, he suggested treating patients for 
a short period of time and then measuring several candidate biomarkers, 
whose predictive abilities could be evaluated at the end of the clinical trial. 
Patients would be randomized to continue or discontinue the treatment 
independent of their biomarker results, so that subset analyses could be 
performed with enough statistical power, despite small sample sizes, Simon 
said.

He also recommended defining upfront the duration of therapy in 
clinical trials, independently of progression of disease for the treatment 
arm containing the immunotherapy, to overcome the challenge of pseudo-
progression in analyses. For example, clinical endpoints for Phase IIb trials 
could be response status after 6 months of treatment, and the clinical end-
points for Phase III studies could be overall survival, he said. 
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Simon proposed a new Phase I design for a cancer vaccine in which 
the Phase II starting dose is the minimal active dose of the vaccine and its 
adjuvant. To determine that dose, one patient per tested dose is treated until 
an immune response is induced. Then the dose level is increased, one patient 
at a time, until achieving an additional immune response. If no additional 
immune response is achieved in seven patients, researchers stop adding 
patients and continue to escalate the dose in one patient at a time (Rahma 
et al., 2014). For vaccines used in combination with immunomodulator 
drugs, Simon suggested starting off with a biologically active dose of the 
vaccine and its adjuvant in combination with the immunomodulator, and 
any dose modification that is made be done using the vaccine in combina-
tion and not as a single agent. “Finding the optimal dose as a single agent 
will not get you where you want to go,” he said. Bross added that “Every-
body wants to combine their favorite checkpoint inhibitor with a cancer 
vaccine du jour and even if preclinical tests are relevant, we take it on a 
case-by-case basis.”

Simon proposed that instead of conducting traditional large clinical 
studies of combination immunotherapies, researchers should first conduct 
smaller clinical pilot studies, which he called discovery Phase II studies. He 
said that large treatment effects can be detected with smaller patient sample 
sizes and cautioned against having what he called a Type III error—the error 
made by not studying an intervention. He said there is an opportunity cost 
in doing a large clinical trial on just one combination, because those same 
funds could be allocated to smaller trials assessing a variety of combina-
tions. Simon showed several examples of study designs for Phase II clinical 
trials of combination therapies. One is to first treat patients with a single 
immunotherapy, and then for those patients who do not respond, investiga-
tors could provide an additional immune modulator. Alternatively, patients 
who do not initially respond to an immunotherapy, such as an anti-PD1 
checkpoint inhibitor, could be randomized into three different treatment 
arms, each with the anti-PD1 treatment combined with a different immune 
modulator. An advantage of such a trial is that the combination treatments 
are more comparable than if they were tested in separate trials, although it 
is more complicated to run a three-armed study, Simon added. 

Simon also suggested a factorial study design of a treatment used singly 
or with one or two additional treatments in all possible combinations, that 
is, an anti-PD1 treatment versus an anti-PD1 treatment plus X, versus an 
anti-PD1 treatment plus Y, versus an anti-PD1 treatment plus X plus Y. 
Although this would be a four-armed study, it could be analyzed as sepa-
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rate two group comparisons: anti-PD1 treatment plus or minus Y versus 
anti-PD1 treatment plus or minus X. “If you want to evaluate X and its 
contribution to the anti-PD1 antibody, you compare the two arms contain-
ing X, some of which contained Y and some of which don’t, to the two arms 
that don’t contain X, some of which are anti-PD1 alone and some that are 
anti-PD1 with Y,” Simon added. Such a design is often not pursued when 
testing combination chemotherapies that are highly toxic because the dose 
of X precludes delivering the full dose of Y and vice versa. But this design 
may be possible for testing combination immunotherapies if they do not 
cause dose-limiting toxicity in this context.

The Phase II discovery studies of combination therapies are not 
intended to be used for regulatory approval, Simon said. “These are small 
screening designs that may not be appropriate in a regulatory context, but 
would tell us what we want to study more fully,” he said. Bruce Chabner, 
director of clinical research of the Cancer Center at Massachusetts General 
Hospital, noted that small discovery Phase II studies and even Phase I 
 studies have led to accelerated approvals of individual checkpoint inhibitors 
because they generated such high response rates and durable responses. “It 
all depends on whether you can select patients appropriately for the trial and 
have a very high response rate,” Chabner said, adding that discovery trials 
for combination therapies could quickly become trials used to garner drug 
approvals if the right combinations go to the right patients. “The problem 
now with immunotherapy is the inability to select patients, but once we 
get to that point, things could change dramatically,” Chabner said. Simon 
responded, “Vince DeVita [a former NCI director] used to say that the 
best prognostic factor is treatment, and what he meant by that was what 
we really want to do is improve outcome, and I personally think that is as 
important today as finding the correct predictive biomarker.” 

Ibrahim noted that “the way we are designing and running clinical  trials 
right now is cost prohibitive,” with late-phase trials of immuno therapies 
having as many as 2,000 patients and as many as six arms. The large size 
of these Phase III combination studies is due in part to assessing many 
patient response biomarkers and combination immunotherapies, and also 
partly due to inadequate prior assessment of the monotherapies used in the 
combination. He suggested conducting more adaptive trials in which vari-
ous combination treatment arms can be dropped if an initial small cohort 
of patients does not respond to them. These patients can then be put on 
a different arm of the study. “We need to pause and think about what we 
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can do before we reach Phase III studies so we do not end up with six-arm 
randomized Phase III studies,” he said.

Singh described a Phase I clinical trial supported by a European Union 
consortium that is testing a patient-specific vaccine in 20 patients with glio-
blastoma. To personalize the vaccine, researchers conduct an analysis of each 
patient’s tumor antigens and assess whether any of 71 pre-manufactured 
peptide fragments that are commonly found in glioblastoma are prevalent 
in the patient’s tumor and stimulate an immune response. They also use 
next-generation sequencing to identify neoantigens specific to each patient’s 
tumor. Following these steps, a patient is vaccinated with up to 10 of the 
pre-manufactured peptides within 3 months of surgery and 2 peptides 
derived from the patient-specific tumor antigens within 6 months of surgery 
(see Figure 5). “Each patient is receiving his or her individual peptide vac-
cine cocktail,” Singh said. 

Figure 5
raster, not editable

FIGURE 5 Biomarker-driven Phase I clinical trial evaluating a patient-specific vaccine 
trial in patients with glioblastoma.
NOTES: Warehouse peptides = pre-manufactured peptides commonly found in 
 glioblastoma. De novo peptides are created from next generation sequencing- identified 
neoantigens. APVAC1 = pre-manufactured peptide-based vaccine; APVAC2 = 
 neoantigen-based vaccine.
SOURCE: Singh presentation, February 29, 2016. Source: Immatics Biotechnologies
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This approach can also be used for other immunotherapies, and is cur-
rently being applied to a clinical trial evaluating a T-cell immunotherapy for 
patients with solid tumors, Singh said. Each patient will receive an adoptive 
cellular therapy based on the subset of his/her own T-cells that target up to 
4 of 10 different tumor antigens.

Porter said that in the pilot clinical trial of CAR T-cell therapy, they 
did not start with a traditional Phase I dose escalation study “because this 
is a living drug and while we knew a reasonable dose to start with from 
some animal model studies, we did not really think a traditional Phase I 
study was appropriate.” However, the researchers conducted a follow-up 
study—essentially a randomized Phase II dose-optimization trial—that 
tested two dose levels, both of which had induced complete remissions in 
the pilot trial.

Most new immunotherapies for cancer have entered the market via the 
accelerated approval pathway based on objective response rates, Sridhara 
said (see Box 2 for a summary of the different FDA approval pathways and 
designations and Box 3 for an overview of European regulation of drugs 
and biologics). She added that the large response rates seen with recently 
approved immunotherapies, such as checkpoint inhibitors, raises the bar on 
what can be considered for accelerated approval or given a breakthrough 
therapy designation; new therapies will now have to show improvement 
over the response rates of therapies already on the market and not of 
traditional chemotherapies. “We could be reaching a ceiling effect where 
response rates are so high that unless you find the right biomarker and the 
right patient subgroup, you may not be able to substantially surpass it,” 
Sridhara said. 

Marc Theoret, lead medical officer in the Division of Oncology 
Products at FDA, asked Thomas to describe the difference between FDA’s 
accelerated approval pathway versus adaptive licensing. Thomas responded 
that with FDA’s accelerated approval, a license continues under the condi-
tion that confirmatory data are provided within a certain time frame, at 
which point the license may be revoked. With adaptive licensing, early in 
drug testing there are meetings with stakeholders to determine the best trial 
designs and in which patient populations a drug should be tested. A drug 
that is approved for adaptive licensing is considered licensed, but it can have 
a very restricted indication, such as a third-line therapy indication. “But if 
it is used and shows its worth and safety profile with the extra information 
being favorable, then the indication may roll out to second or even first-
line. That’s where the adaptive licensing should be helpful.” Because FDA’s 
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BOX 2 
FDA Approval Pathways and Designations 

Rajeshwari Sridhara, director of the division of biometrics at 
the Food and Drug Administration’s (FDA’s) Center for Drug Evalu-
ation and Research, and Peter Bross, medical review officer at 
FDA’s Center for Biologics Evaluation and Research, reported that 
there are five main approval pathways and designations of new 
drugs and biologics for cancer:

•	 	Regular or traditional approval is based on clinical trials 
finding a clinical benefit, such as longer patient survival 
or other improved patient outcomes, or a clinical benefit 
as demonstrated by validated surrogate markers, such as 
disease-free survival in evaluating adjuvant therapy for 
early-stage cancer.

•	 	Accelerated approval for treatment of serious or life-
threatening disease is based on surrogate or intermediate 
endpoints, such as objective response rate, that are reason-
ably likely to predict clinical benefit. Accelerated approvals 
are reserved for treatments that show improvement over 
available therapy and require confirmation of clinical benefit 
in postmarketing studies.

•	 	Fast-track designation is for treatments that fulfill an 
unmet medical need and there is documented activity of the 
drug.

•	 	Priority review designation is for treatments that show 
significant improvement in safety or effectiveness com-
pared to existing therapy for a serious condition.

•	 	Breakthrough therapy designation is for drugs or  biologics 
intended to treat a serious or life-threatening disease or con-
dition when preliminary clinical evidence indicates that the 
drug may demonstrate substantial improvement over existing 
therapies. The designation enables the FDA to provide inten-
sive guidance on an efficient drug development program, 
beginning as early as Phase I clinical trials. Breakthrough 
therapy designated therapies can be considered for acceler-
ated or regular approval pathways.
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BOX 3 
European Regulation of Drugs and Biologics

Angela Thomas, clinical trials chair of the Biological and Vac-
cines Expert Advisory Group of the UK National Health Service, 
described European regulation of drugs and biologics. She said that 
there are three avenues for licensing a pharmaceutical in Europe: 
a centralized review process in which a company can apply for a 
product to be licensed for use in all European Union (EU) coun-
tries; individual country licensing with subsequent applications in 
other EU countries; or simultaneous review by multiple countries 
within the European Union. A company can choose which licensing 
route it pursues with some exceptions, including biologics, orphan 
drugs, or cancer products that have mandatory centralized reviews. 
Licensing is based on quality, safety, and efficacy. Cost is not a 
consideration, Thomas said. 

The European Medicines Agency (EMA) can grant a Promis-
ing Innovative Medicine (PIM) designation to a therapy for life-
threatening or seriously debilitating conditions with a high unmet 
clinical need, if the treatment shows a major advantage over other 
treatments, and if it has a good benefit/risk ratio. PIM designations 
are awarded based on early phase clinical trial data, but PIMs 
are expected to undergo further testing and analysis in Phase III 
clinical trials, or, in the United Kingdom, through its Early Access to 
Medicines Scheme (EAMS). This program bridges the gap between 
early clinical trials and the Phase III licensing trials by providing 
patient access to treatments whose safety profiles are usually not 
fully established, Thomas said. Patients who receive the treatment 
are registered in a national database and data are collected on how 
they respond to the agent. “The data help support licensing and 
ensure that patients have access to a medicine in that interim period 
[before the drug enters the market],” Thomas said. 

She said that the same drug can undergo multiple applica-
tions to EAMS, as was the case for two checkpoint inhibitor drugs 
when they were evaluated for new indications. The safety data for 
all those indications were then pooled, “giving a lot of information 
about these immunotherapies in a very controlled and careful way,” 
Thomas said. She added that there was concern that EAMS might 
impair recruitment to Phase III clinical trials, but that has not been 
documented, with most drugs already under evaluation in Phase III 
trials when they enter EAMS. 

continued
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EMA has several mechanisms for early licensing, such as 
adaptive licensing, in which early and progressive access to new 
drugs is granted before there is complete safety and efficacy data. 
Early access initially is given to a restricted patient population, 
which is expanded as “real-life use” data are accrued and the 
treatment is shown to be safe and effective. The non-randomized 
data are carefully controlled and monitored. “This is proving to be a 
useful way to get drugs into [clinical practice] earlier,” Thomas said. 

Once a drug is licensed, it has to undergo health technology 
assessments in certain countries before it is used in national health 
care systems. In the United Kingdom, assessments are conducted 
by the National Institute for Health and Care Excellence (NICE), 
which considers both clinical and cost effectiveness, including the 
burden of disease the therapy treats, how the therapy will impact 
public health, patient quality of life, health care resource use, as 
well as how a therapy could reduce health disparities. The Health 
Technology Assessment Group of NICE is composed of  academics, 
government officials, manufacturers, patient advocacy groups, and 
other stakeholders. Deliberations are relatively transparent, accord-
ing to Thomas, and the group uses rigorous methods to assess how 
many quality-adjusted life years (QALYs) a treatment will provide 
and how much that will cost. Drugs that cost more than $30,000 per 
QALY are not likely to be recommended, Thomas said, although 
she added that a higher limit is often acceptable if there is a life 
expectancy of less than 2 years without treatment and the drug will 
prolong a person’s life for more than 3 months, as is true for many 
cancer treatments.

BOX 3 Continued

Breakthrough Therapy designation enables intensive guidance during the 
drug testing stage, Theoret added that it is somewhat similar to the Euro-
pean Medicines Agency adaptive licensing approach.

COLLABORATION AND INFORMATION EXCHANGE

Several speakers discussed how clinical data collection, sharing, 
and analysis—enabled by EHRs, data warehouses, and data analytic 
approaches—can help advance progress in immunotherapy development 
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and clinical implementation. Individual workshop participants also dis-
cussed opportunities for greater precompetitive collaborations to foster 
the exchange of information and development of tools that can benefit all 
stakeholders.

Clinical Practice Data Collection, Sharing, and Analysis 

Eric Perakslis, senior vice president of informatics at Takeda Pharma-
ceuticals, said that faster and cheaper computations are fueling a new 
data paradigm in health. He added that there are many readily available 
sources of data, new technological innovations under development, and 
the potential to answer research and clinical care questions in real time. A 
patient’s health information can be stored in a variety of places: commu-
nity health care settings, academic and government medical centers, regis-
tries of clinical trials, omics-based databases such as The Cancer Genome 
Atlas, as well as in patient-powered databases like PatientsLikeMe9 and 
PCORNET.10 “Today there is so much data out there that you could use. 
What people can now do with all these data is getting more impressive 
and interesting every day,” Perakslis said. He encouraged researchers and 
clinicians to take advantage of these technological innovations to rapidly 
assess large sets of information. 

Perakslis and Amy Abernethy, chief medical officer and senior vice 
president of oncology at Flatiron Health, said that data warehouses— 
central repositories of integrated data from multiple sources—enable new 
opportunities for research. Data warehouses can link patient information 
from processed EHR data to other datasets, including immunology, mortal-
ity, genomic, health insurance claims, and patient-reported outcomes data. 
By leveraging these linkages, EHRs can “start to serve a critical purpose of 
creating an information backbone for our future,” Abernethy said.

Analysis of Clinical Practice Data 

Information in EHRs includes both structured and unstructured data, 
Abernethy said (see Figure 6). Structured data, such as demographic infor-
mation and diagnostic testing results, can be easily digitized in a structured 
format. However, even structured information in EHRs can be “sloppy,” if 

9 See https://www.patientslikeme.com (accessed May 18, 2016).
10 See http://www.pcornet.org (accessed May 18, 2016).
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FIGURE 6 Electronic health records (EHRs) include a variety of structured and 
unstructured data sources that need to be combined and structured for analysis.
SOURCE: Abernethy presentation, February 29, 2016. Source: Flatiron Health.

it uses nonspecific and nonstandardized terms. For example, a diagnostic 
test report may not clearly indicate whether an albumin test is serum albu-
min or albumin derived from urine. Other critical information, such as the 
genetic mutation status of a patient’s tumor, is often buried in the verbiage 
of laboratory reports and difficult to extract, she said. 

Most information in EHRs exists as unstructured data (e.g., clinician 
notes, radiology reports, or pathology reports) that have to be processed before 
they can be merged with other data in a database and analyzed, Abernethy 
said. Each speaker—Abernethy, Perakslis, and Mary Horowitz, chief of the 
division of hematology and oncology at the Medical College of Wisconsin—
said that current technologies are insufficient to translate unstructured data 
into quantitative variables. While technology is facilitating the translation of 
unstructured data, Horowitz noted “You have to have people who understand 
the disease and the patients” to accurately translate this information. Perakslis 
added that collaborations among individuals who understand the technolo-
gies and those who have expertise in cancer are critical. 

Abernethy said that although EHRs may have a plethora of informa-
tion, there are “only a series of critical variables that are going to be needed 
for the overall dataset.” For example, a clinician’s assessment that a patient’s 
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disease has progressed can be distilled into a number of anatomic variables 
that are consistent with progression. This assessment requires understanding 
the clinical activity and how that translates into variables: “There is going to 
be an entirely new vocabulary about how people think about variables that 
will come from abstracted data,” she said. 

Horwitz said that a major challenge in using EHRs in research is 
the variability in data completeness and accuracy. She said estimates for 
EHR data incompleteness range from 24–86 percent, estimates of errors 
in computerized provider order entry are 51–91 percent, and other data 
 inaccuracies and errors are estimated at approximately 4 percent (Balas, 
2015). “Someone has to note [in the EHR], for example, that 30 percent of 
the skin was involved with a graft-versus-host disease,” she added. Admin-
istrative claims data can present similar challenges, Horowitz said. She and 
her colleagues used a claims database that compiled information from more 
than 115 million patients and more than 100 payers to compare the 1-year 
costs of hematopoietic cell transplantation (HCT) or chemotherapy treat-
ment in patients with acute myeloid leukemia Although researchers could 
identify more than 29,000 patients with this diagnosis, data from only 985 
patients (3 percent) were considered sufficiently reliable for inclusion, based 
on the researchers’ confidence in the diagnosis and treatment that patients 
received. Perakslis said that data completeness will be a persistent challenge, 
in part because data standards are continually evolving. “No matter what, 
[EHRs are] never complete and that is okay—it just means you cannot rely 
on them for everything. You are always going to have to be creative and say, 
‘these are the standards that I have today and I’m going to use them to solve 
the problem I have. Tomorrow they’ll be better, but I’m not going to wait.’” 

Abernethy said that at Flatiron, there is an audit trail for all data entered, 
including the date, time, and person who entered the data. Flatiron also pro-
vides indicators of the quality of all data entered, and how likely the variable 
entered approximates reality. A quality rating assigned to each data variable is 
based on completeness, accuracy of the data abstractor at the last testing, 
and agreement among data abstractors on the variable. For example, there is 
greater agreement on entries for bone metastases, which are easier to extract 
from reports, than there is for lung metastases, which can be confused with 
lung infiltrates. She added that researchers need to understand how variables 
perform and the degrees of confidence associated with specific variables in 
order to draw appropriate conclusions. “You should be able to understand 
every variable in your dataset with that kind of quality and that is what 
datasets going forward are going to look like,” Abernethy said. 
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 “We need to recognize that unstructured data processing is costly, and 
that is something we are going to have to deal with. It is kind of like oil—it 
has to be refined to be useful,” Abernethy said. “We need a workforce that is 
facile in dealing with these datasets and doctors who are ready to be a part of 
this in the future,” Abernethy said. Horwitz added that “If we are going to 
rely on providers to give us the information we [need], we have to make it 
easy for them.” She suggested that all clinicians receive improved education 
regarding the importance of clinical documentation in EHRs. In addition, 
individuals who were previously involved in transferring records manually 
could be employed to help ensure that all necessary data are entered accu-
rately when medical records are transferred electronically. 

Challenges and Opportunities for Clinical Data Aggregation 

Once EHR data are structured, they can be used “to populate registries 
of the future,” Abernethy said. She described a registry as an “an aggregation 
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FIGURE 7 Datasets can be organized around patient stories, which involve the integra-
tion of structured and unstructured data in electronic medical records, external datasets, 
and algorithms.
NOTES: ALK = anaplastic lymphoma kinase; EGFR= epidermal growth factor receptor; 
NSCLC = non-small cell lung cancer.
SOURCE: Abernethy presentation, February 29, 2016. Source: Flatiron Health.
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of single patient stories pulled together in order to create the overarching 
story,” and suggested that datasets are organized around these patient  stories 
(see Figure 7). “Ultimately you get up-to-date datasets that are EHR based, 
organized, and ready for use,” Abernethy said. Being up to date is critical 
given the rapidly changing landscape of cancer immunotherapies, she said. 
For example, nationwide PD-L1 checkpoint inhibitors made up only about 
1 percent of all treatments for patients with non-small cell lung cancer in 
November 2014. By December 2015, these therapies represented 22 per-
cent of treatment. “We need real-time datasets that show us what the overall 
story looks like in order to inform our future,” she said.

Kaufman asked Abernethy how information from patients who are 
treated in the community can be used by researchers to inform enrichment 
studies aimed at understanding the biology of patients who are likely to 
benefit from specific treatments. Abernethy suggested integrating currently 
available clinical genomics registries with processed EHR data. She added 
that EHR data could also be combined with prospective data capture, and 
noted that that several organizations are working to develop such capabili-
ties in their data warehouses. Greater access to biospecimens collected from 
patients as part of routine care could also be leveraged: “We need the whole 
community coming together for this—the scientists, oncologists, patients, 
and tech community have to try to coordinate this in a thoughtful way,” 
she said.

Linking practice-based clinical and claims data can also inform clini-
cians and patients about the effectiveness and costs of different cancer thera-
pies, Newcomer said. UnitedHealthcare uses an online prior authorization 
process, in which practices input patient information in order to display 
National Comprehensive Cancer Network–recommended treatments. 
Recently UnitedHealthcare linked clinical and claims data in this program, 
and beginning in 2017, clinicians will be able to see the performance data of 
each regimen in specific patient populations. Newcomer said the database is 
live and continually updated, and UnitedHealthcare plans to make the data 
available to researchers and other interested parties outside of its system. “It 
is my hope that the data will begin to influence selection of regimens . . . 
[when] patients and clinicians could start to see how well some of these 
drugs perform in situations exactly like theirs,” Newcomer said.

There are a number of challenges to integrating and analyzing clini-
cal data from multiple sources for use in immunotherapy research, said 
 Abernethy, Horwitz, and Perakslis. Some of the challenges discussed 
included a lack of interoperability of health care information systems, frag-
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mentation in health care services and the long duration of follow-up needed 
to assess immunotherapies, infrastructure and analysis costs, and concerns 
about patient data protections. 

Critical to aggregating patient data is interoperability, which Perakslis 
defined as “the ability of different information technology systems and soft-
ware applications to communicate, exchange data, and use the information 
that has been exchanged” (Healthcare Information and Management Sys-
tems Society, 2013). Interoperability can be viewed as a linguistics problem, 
Perakslis said, but added that it is broader than considering the language 
of different datasets and computer programs that have to be harmonized. 
Abernethy said that policy makers should demand interoperability: “We 
should be able to move our documents back and forth in order to take care 
of our patients every day,” she said. Horowitz suggested that meaningful 
use requirements for EHRs include the ability to export data for research 
in order to be reimbursed by the Centers for Medicare & Medicaid Services 
(CMS).

The fragmented health care system in the United States makes it dif-
ficult to locate all the data needed, Horowitz noted. “Patients move from 
one provider to the next without assurance that the data flows with them,” 
she said. For example, she reviewed quality of care data derived from health 
claims that suggested a high proportion of women treated at her hospital 
did not have a needle biopsy prior to surgery for breast cancer, which is a 
required procedure. When Horowitz’s team reviewed patient records, they 
found that all of these women had a biopsy, but in a different health care 
system before referral to surgery. Horowitz suggested that there should be 
a mechanism to conduct long-term follow-up of patients, especially for 
 cellular immunotherapies that persist in the body for long durations. But 
she added that the fragmentation of the health care system makes such long-
term follow-up difficult. For example, when she was asked to review the 
records of a patient who had died, she found that the patient was still regis-
tered as being alive because he had died in a different health care system. She 
added that cancer mortality rates at a specific site can appear exceptionally 
low because they do not capture mortality data from other sites. “Follow-up 
is really hard and with these cellular immune therapies, we are going to have 
to do 15 years of follow-up, which is going to require innovation in how we 
maintain patient contact,” Horowitz said. For example, if a patient received 
CAR T-cell therapy at one institution after another immunotherapy failed 
at a different institution, and then went on to have a bone marrow trans-
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plant at a third institution, “How do we integrate all that data? Who reports 
what to where?” she asked.

Horowitz said that integrating and analyzing data from multiple data-
sets can be expensive and time consuming. As an example, she described 
the bone marrow transplant database AGNIS (A Growable Network Infor-
mation Service), which is an open-source messaging system designed to 
exchange patient blood and bone marrow transplant data using a secure, 
standards-based system (CIBMTR, 2016). A goal of AGNIS was to link 
data from transplant centers in the United States, the Asia-Pacific trans-
plant registry, the European transplant registry, the umbilical cord blood 
transplant registry, and cord blood banks, said Horowitz. While AGNIS has 
had a number of successes, she said that establishing the data linkages 
has been challenging, expensive, and slow; for example, it took 12 years 
for the European registry to enter their data into the electronic network. 
Abernethy added that it is critical to develop the business models to support 
these mechanisms for data linkage. Horowitz said that “once you make it 
easier to take clinical data and make it available for research, it frees up your 
resources to add in other things. The easier you can make it to transfer the 
data from point of care into a research database, the more things you can 
think about doing.”

Data integration and sharing also requires consideration of data con-
fidentiality and security, and patient consent. Abernethy recommended 
exploring new approaches to data security and confidentiality, including 
data-clean zones, to prevent or mitigate the potential for reidentification of 
de-identified patient data. Horowitz added that researchers need to ensure 
that they receive appropriate patient consent for biospecimen research. 
 Gorman said that patients usually want to share their data and are frustrated 
when they cannot. “Patients have the perspective that these data are about 
them and belong to them and therefore they should have the ability to 
send them forth to do good, and the walls that have been built that prevent 
the free flow of data” can be very frustrating, he said.

Precompetitive Collaboration

Several speakers said precompetitive collaboration among industry, 
academia, patients, payers, and clinicians will be needed to improve the 
development and implementation in of cancer immunotherapies in clini-
cal practice. Brenner called for a culture of collaboration and transparency 
among academic institutions and pharmaceutical firms. He said that aca-
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demics tend to have a publish-or-perish attitude, whereas industry tends to 
have a-perish-if-published perspective, and those two points of view need 
to be bridged for progress in immunotherapy development. 

Immunotherapy development is also hampered by a lack of cross-
licensing of products across companies, Brenner said. It is often difficult to 
acquire licenses from more than one company to assess immunotherapies 
from different companies in combination. “That is something that needs 
to be considered and addressed,” Brenner said. One participant added that 
from a public health perspective, it makes sense to develop an infrastructure 
that would provide access to many immunotherapy agents early in the drug 
development pipelines from a variety of companies to advance the pace of 
research on combination immunotherapies. He added that the NCI already 
has an agreement with several companies to access immunotherapy agents 
for combination therapy studies without the need for separate agreements 
between companies. 

Brenner said that academic researchers who are involved in Phase I 
immunotherapy clinical trials are more likely to have or be perceived as 
having conflicts of interest. He said that these trials have major financial 
implications—the valuation of a company could change significantly based 
on the results of single patients enrolled in a Phase I study. “This makes it 
difficult for any academic institution or investigator who is involved with 
one of these studies to really be clear that they have no conflict of interest,” 
Brenner said. “It is manageable, but it is an important consideration.” 

He said that typically during the drug development process, academic 
involvement tends to diminish over time “because the costs increase loga-
rithmically and you really have to get involved with an entity that has far 
more financial muscle than an academic [institution].” But he said that 
complex immunotherapies often require longer academic involvement, 
which makes it more likely that new agents may “end up in the valley of 
death,” in which academic funding has been depleted but industry fund-
ing that has yet to emerge. To prevent this funding cliff, Brenner described 
the mission of the Center for Cell and Gene Therapy, which conducts 
basic and translational research necessary for a cell therapy to advance into 
Phase II clinical trials. “We have de-risked the product by doing those 
time- consuming iterative Phase I studies so we can form partnerships with 
biopharma to take them forward,” Brenner said. Phase II trials are then 
completed as broad-based collaborations with an industry sponsor or they 
are completed by the Center individually.

Precompetitive collaboration can also be leveraged to address diagnostic 
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testing issues, said Steven Averbuch, vice president of Development, Oncol-
ogy and Pharmacodiagnostics at Bristol-Myers Squibb. In partnership with 
diagnostic companies, Bristol-Myers Squibb, Merck, AstraZeneca, and 
Roche-Genentech, had each developed their own biomarker diagnostic to 
predict patient responsiveness to their own anti-PD-1 agents. Because the 
assays were developed for use with a specific checkpoint inhibitor, each 
diagnostic had a different design and different criteria for scoring and 
interpretation, said Averbuch. The different assays were found to be highly 
discordant, and one study recommended a multicenter international stan-
dardization effort to address significant concerns about testing complexity 
(Kerr et al., 2015) (see Table 2). “You had four different drugs, four differ-
ent antibodies, all against the same target and there was a lot of concern 
about the confusion this was going to cause in the community practices as 
these drugs became available,” he said. Each assay had a different platform, 
different reagent system, and used different machinery and software, and 
each agent could potentially have a different clinical response based on its 
biology, chemistry, and mechanism of action. Averbuch said that running 
a different test for each drug would be impractical given patients’ limited 
tumor tissue and the turnaround time needed for multiple tests. But using 
one test that included the biomarkers for all the drugs would be equally 
impractical because all tests could not be run on the same platforms and 
the scoring and interpretation guidelines were not harmonized. FDA recog-
nized that patients could be harmed if clinicians did not prescribe the right 
drug with the right test.

Recognizing all these challenges, before any of the anti-PD-1/PD-L1 
agents or assays received FDA approval, the leadership of the pharmaceuti-
cal and diagnostic companies explored the potential for precompetitive col-
laboration and formed a consortium called Blueprint, which was facilitated 
by the American Association for Cancer Research. The consortium enlisted 
what Averbuch called “an independent honest broker,” the International 
Association for the Study of Lung Cancer, to compare the analytical per-
formance of the different diagnostic assays and pave the way for postmarket 
standardization. All participating companies provided data and other infor-
mation needed to conduct the study, which initially focused on non-small 
cell lung cancer. The goal of the study was to lay the groundwork for post-
approval studies that will help inform patients, clinicians, pathologists, and 
others on how best to use the test results to determine treatment decisions 
once the tests are approved (AACR, 2016). 

“Blueprint is a successful precompetitive collaboration that is a good 
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example of how we can move the field forward,” Averbuch said. “Blue-
print provides a springboard for other professional societies, such as the 
American Society of Clinical Oncologists (ASCO) or the Association for 
Molecular Pathology (AMP), to take this forward for other types of can-
cers. It is the professional societies that should set the standards,” he added. 
Rasika Kalamegham, associate group director of U.S. Regulatory Policy 
at  Genentech, said that Blueprint was successful because all the PD-1/
PD-L1 agents and assays were at the same stage of development, rather 
than one being further along in the drug development pipeline. Blueprint 
also worked well, she added, because it clearly defined a narrow scope of 
non-small cell lung cancer and did not include tests developed in small 
academic laboratories, “while keeping in mind the focus of doing the right 
thing for the patient. It was always about the patient. That is what kept 
everybody together.” 

CLINICAL IMPLEMENTATION

Many workshop presenters and discussants said there are a number of 
challenges in implementing cancer immunotherapies in clinical practice, 
including scaling up complex cell-based therapies, detecting and managing 
adverse side effects that are often non-specific, and educating clinicians and 
patients on what responses to expect from immunotherapies, which can 
differ markedly from standard cancer treatments.

Bringing Cell Therapies into Clinical Practice 

 Mark Dudley, director of Cell Process Development, Cell and Gene 
Therapies at Novartis, described the challenges of scaling up CAR T-cell 
therapy developed in an academic setting. He added that manufacturing 
processes for cell-based therapies that are developed in an academic setting 
are not capable of fulfilling global demand because they are often not stan-
dardized or validated, usually involve manual processes requiring numerous 
people to execute, and have complicated logistics. Whereas an experimental 
treatment process can be flexible in an academic center—researchers may 
vary their reagents, processes, or personnel—in a commercial setting, “the 
process has to work every time and you cannot change anything,” Dudley 
said. The advantage of an inflexible process is that each step can be opti-
mized “as a principally science-based development approach moves into a 
principally operations approach,” Dudley said. 
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Prior to the transfer of CAR T-cell therapy to Novartis, the treatment 
required an immense amount of personnel and resources. “At University 
of Pennsylvania we have now treated over 200 patients with our CAR 
T-cell [therapy], but to do that we essentially had to develop a brand-new 
organization from scratch,” Porter said. The transfer of the treatment to 
Novartis required collaboration of a diverse team, including members from 
academia, and experts in Good Manufacturing Practices, technical develop-
ment, quality assurance, and regulatory issues, Dudley said. 

According to Dudley, the initial steps to develop a commercial process 
for producing a therapy are to understand its scientific basis and key tech-
nologies. Novartis is currently focused on these two steps with CAR T-cell 
therapy. The next steps will be to automate production of the therapy, and 
then to design manufacturing and operations to enable supply-chain effi-
ciencies, which will help with the cost of goods and scalability, Dudley said.

Pretransfer steps involved the commercial team watching the process, 
making a process map, conducting a risk assessment, completing a data-
mining exercise, and determining the industrial process of production, 

FIGURE 8 Transition from Phase I clinical research at the University of Pennsylvania 
to a commercial setting at Novartis-process map.
NOTE: GMP = good manufacturing practice; Penn = University of Pennsylvania.
SOURCE: Dudley presentation, March 1, 2016. Copyright owned by Novartis Phar-
maceuticals Corporation. All rights reserved. 
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Dudley said (see Figure 8). Once the process was transferred into the com-
mercial facility, Novartis conducted test runs, trained the manufacturing 
staff, and completed split engineering runs at Novartis and the University 
of Pennsylvania using the same patient samples. 

Once Novartis was satisfied that it had adequately duplicated the cell 
therapy, it started manufacturing the T-cell products for use in clinical prac-
tice and conducted a review of its process capabilities. Factors of particular 
concern when scaling up production include having better control of and 
streamlining the process by improving unit operations, and having better 
product characterization. Attention to patient safety and efficacy is a prior-
ity in every step of the scale-up process, Dudley said.  

Dudley also described the complex chain of custody for products 
involved in CAR T-cell therapy because once blood products are removed 
from patients, they have to be transported to a central manufacturing facil-
ity where the T-cells are genetically engineered and expanded in number, 
and then transported back to the patient while being kept at a precise tem-
perature by a certified transporter. Each step in that chain is overseen by 
careful labeling and quality assurance measures, and was improved by more 
stringent sterility procedures and other enhancement efforts that Novartis 
instituted. “We used to manufacture a product and write on the bag the 
expiration date, which was an hour after we made it, and then we would 
walk it over to the patient and infuse it. You cannot do that in a commer-
cial setting. Whatever process that is established has to be appropriate for 
multiple regulatory environments if you are going to have a global prod-
uct. It is quite an endeavor,” Dudley said. Novartis was able to generate a 
T-cell expansion rate within a tighter range, but comparable to that seen at 
the University of Pennsylvania, Dudley reported, and the pharmaceutical 
company is currently conducting a global Phase II trial of the CAR T-cell 
therapy in patients with acute lymphocytic leukemia. “We started by mak-
ing one product at a time, treating a couple patients a month. We are now at 
a point where this can be operationalized and standardized, but to make this 
really practical, we have to have smarter production so that this can treat not 
tens or hundreds, but thousands of patients around the world,” Porter said.

Novartis is not the only company involved in scaling up cellular 
therapies for commercial production, Porter said. “This is something many 
people are trying to operationalize for large-volume therapies,” he said (see 
Table 3). 
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TABLE 3 Examples of Pharmaceutical and Biotechnology Companies 
Working on Adoptive Cell Therapy

Company Technology/Cell Type Indication

Lion 
Biotechnologies

TIL (autologous) Metastatic melanoma

Autolus CAR (autologous) Unspecified

Novartis CAR (autologous) targeting CD19 Pediatric and adult 
ALL, diffuse large B-cell 
lymphoma, NHL

Juno 
Therapeutics

CAR (autologous) targeting 
CD19, 
TCR targeting Wilms tumor 
protein-1 

Adult and pediatric ALL, 
NHL, AML, NSCLC

Cardio3 
Biosciences

CARs targeting NKp30; NKG2D; 
B7H6

Range of hematological 
malignancies and solid 
tumors

Cellular 
Biomedicine 
Group (China)

CARs targeting CD19, CD20, 
CD30, and EGFR

Range of hematological 
malignancies and solid 
tumors

CARsgen CARs targeting GPC-3 Hepatocellular carcinoma

Celgene/Bluebird CAR (autologous) Range of hematological 
malignancies and solid 
tumors

Kite Pharma/
Amgen

CAR (autologous) targeting 
CD19, TCR

Relapsed or refractory ALL

Cellectis/Servier/
Pfizer

CAR (allogeneic, UCART 19) CLL, ALL, and AML in 
preclinical stage, Phase I 
for B-cell leukemia to be 
initiated in 2015

GSK/
Adaptimmune

TCR (autologous) targeting the 
cancer testis antigen NY-ESO-1 
and other targets

Trials in MM, melanoma, 
sarcoma, and ovarian 
cancer

Janssen/
Transposagen

CAR (allogeneic) Unspecified

continued
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Company Technology/Cell Type Indication

Unum 
Therapeutics/
Sanofi-Genzyme

Antibody-coupled TCR 
(autologous)

Unspecified

Ziopharm 
Oncology/
Intrexon

CAR Unspecified

Opus Bio CAR (autologous) targeting CD22 Pediatric and adult ALL 
and NHL, CD22 licensed 
to Juno

Takara Bio 
(Japan)

CAR (autologous) targeting 
CD19, TCR, MAGE-A4

NHL, esophageal cancer

Bellicum 
Pharmaceuticals

CAR (autologous) targeting CD19 
with a proprietary safety switch 
to mute unwanted adverse events, 
such as cytokine release syndrome

Potential hematological 
malignancies and solid 
tumors

Cellular 
Therapeutics Ltd. 
(U.K.)

CAR (autologous) Metastatic melanoma, 
esophago-gastric cancer

Cell Medica 
(U.K.)

Virus-specific T-cell (allogeneic) 
targeting Epstein-Barr virus 
antigen

Advanced NK/T cell 
lymphoma

Celdara Medical CAR (autologous) targeting 
NKG2D

AML, advanced 
myelodysplastic syndrome 
(MDS), MM

Catapult Cell 
Therapy (U.K.)

TCR (autologous) targeting 
WT-1—overexpressing cells

AML, MDS

Medigene 
(Germany)

TCR (autologous) Hematological 
malignancies

TheraVectys 
(France)

CARs (autologous) targeting 
CD19, CD33, and CD123

ALL, CLL, AML

TABLE 3 Continued
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Company Technology/Cell Type Indication

CARsgen 
(China)

CAR (autologous) targeting 
GPC-3 expressed in hepatocellular 
carcinoma; other CARs

Live, lung, and brain 
cancers

FF CanVac Virus-specific T cells (autologous) Head and neck cancer

Apceth Genetically engineered 
mesenchymal stem cells (MSCs) 
(autologous)

Advanced, recurrent, or 
metastatic gastrointestinal 
cancer

Pocastem Genetically engineered MSCs Solid tumors (head and 
neck, brain)

TVAX 
Biomedical 

Antigen-specific T cells 
(autologous)

Solid tumors (brain, 
kidney)

TC Biopharm 
(Scotland)

γ/δ T cells (autologous) Melanoma

Immunovative 
Therapies (Israel)

Activated T cells (allogeneic) Hematological malignancy, 
prostate cancer, breast 
cancer, glioblastoma, 
colorectal cancer with liver 
metastases, kidney cancer, 
NSCLC

CytoVac 
(Denmark)

Activated T cells/NK cells 
(autologous)

Glioblastoma, prostate 
cancer, pancreatic cancer

Conkwest CAR NK cell line AML

Coronado 
Biosciences

Activated NK cells (autologous) AML

NOTE: Adoptive cell therapy applications are shown for cancers, infections, and graft 
versus host disease. ALL = acute lymphoblastic leukemia; AML = adult acute myeloid 
leukemia; B7H6 = B7 homolog 6; CAR = chimeric antigen receptor; CD = cluster of 
differentiation; EGFR = epidermal growth factor receptor; GPC-3 = glypican-3; MM = 
multiple myeloma; NHL = non-Hodgkin’s lymphoma; NK= natural killer; NKG2D = 
NK group 2, member D; NKp30 = NK cell p30-related protein; NSCLC = non-small 
cell lung cancer; TCR = T-cell receptor; TIL = tumor infiltrating lymphocytes.
SOURCES: Porter presentation, February 29, 2016; adapted from June et al., 2015. 
Reprinted with permission from the American Association for the Advancement of 
Science. 

TABLE 3 Continued



Copyright © National Academy of Sciences. All rights reserved.

Policy Issues in the Clinical Development and Use of Immunotherapy for Cancer Treatment:  Proceedings of a Workshop

78 POLICY ISSUES FOR CANCER IMMUNOTHERAPY

PREPUBLICATION COPY—Uncorrected Proofs

Addressing Adverse Effects

Wolchok reiterated that “the toxicities for immunotherapy are unlike 
what we are used to seeing from other standard anticancer therapies.” 
Ibrahim added that these side effects are often non-specific, such as inflam-
mation, and can occur in any organ. But the safety profile of these agents 
can be explained by their mechanism of action, or the induction of non-
specific activation of the immune system, he said. Some organs are more 
prone to developing toxic outcomes from that non-specific inflammation. 
For example, the gastrointestinal tract is especially susceptible and patients 
can present with diarrhea or colitis. The skin and the liver are also prone to 
inflammatory side effects, as well as the pancreas and the endocrine system. 
But “the key message about these adverse events is that they can occur in 
any organ, not just those organs that are commonly affected,” Ibrahim said.

He said there is also variability in how soon after treatment the adverse 
events are seen and that appears to depend on the organ affected as well as 
the molecule being tested (see Figure 9). Adverse events in the skin follow-
ing anti-CTLA-4 therapies usually are seen early, whereas adverse events 
involving the liver or endocrine system have more of a delayed onset.

Figure 9
raster, not editable

FIGURE 9 Different patterns of onset and resolution of immune-related adverse events 
associated with ipilimumab.
NOTE: Hypophysitis = inflammation of the pituitary gland, the primary gland of the 
endocrine system.
SOURCES: Wolchok presentation, March 1, 2016; Weber et al., 2012. Reprinted with 
permission. © 2012 American Society of Clinical Oncology. All rights reserved. 
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Most adverse events are low grade in nature, and in many patients 
can be managed and reversed with the aid of management guidelines that 
were established using data generated from clinical trials, Ibrahim said. 
For example, these guidelines specify that clinicians should prescribe an 
immune-suppressing drug to patients who develop a serious non-specific 
inflammation. Low-grade events are usually managed with treatments 
aimed at relieving symptoms or with topical agents, but if the condition 
persists or worsens, patients are usually prescribed systemic corticosteroids, 
he said.

Education and vigilance are key to managing adverse events in patients 
who receive cancer immunotherapies because the earlier the recognition 
of the inflammation and its treatment, the less likely the patient will 
develop serious complications, Ibrahim said. These complications, which 
can include bowel perforation in patients who develop colitis, can be life 
threatening. For that reason, diarrhea that develops in these patients should 
be taken seriously, Ibrahim said. “It is all about vigilance and early recogni-
tion of the signs and symptoms. We have to really rely on patient education. 
The patients are our partners in trying to identify and manage those adverse 
events early on,” Ibrahim said. 

Despite available guidelines and treatments, there are still challenges 
in addressing the side effects that patients develop with cancer immuno-
therapies, including variations in how these adverse events are defined, 
difficulties in detecting them, and a lack of clinician experience and 
understanding of cancer immunotherapies and their side effects, accord-
ing to Ibrahim. 

Ibrahim said that an immune-related adverse event can be defined as 
any inflammatory event for which there is no other possible cause that could 
explain it. But others define this type of side effect as any toxicity managed 
with corticosteroids. “We do not have a consistent way of defining those 
adverse events, and even the terminology we are using to describe them is 
not consistent,” Ibrahim said. He pointed out that some of these events 
are reported as immune-related adverse events, immune-mediated adverse 
events, or events of special interest. “Do we rely on the investigator’s assess-
ment for causality or do we need to have an independent review of those 
adverse events?” he asked. 

Identification of adverse events can also be challenging because many 
cannot be detected in a physical exam. For example, a patient may report 
to her clinician that she has fatigue, but the clinician cannot detect the 
underlying endocrine inflammation that may be causing fatigue in a routine 
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physical exam. “It is not necessarily a simple matter to decide whether the 
toxicity is coming from the therapy or coming from the disease. Each indi-
vidual clinician outside of a clinical trial has to make this decision on his/
her own, which is a challenge,” Schwartzberg said. In addition, patients may 
be reluctant to report adverse events because they worry their treatment will 
be stopped and they might try over-the-counter remedies first to attempt 
to control their side effects. If patients develop acute or severe toxicities, 
they may not see their medical oncologist, but rather an emergency room 
clinician or internist, Ibrahim added. Some toxicities to ipilimumab and 
pembrolizumab did not occur until more than 200 days after treatment 
initiation, Schwartzberg said. By the time patients developed adverse reac-
tions, they may no longer be seeing their oncologist frequently “so they need 
very clear instructions,” said Thomas.

Ibrahim said Phase I trials may not identify dose-limiting toxicities 
because of delayed onset of adverse events that are not captured in the 
limited observation periods for toxicity in these dose-setting trials. “When 
making dose-selection decisions, it is very important when we are trying to 
characterize the safety of these agents early on to look at the totality of the 
data, not just the few weeks that we use them in the dose-limiting-toxicity 
observation period,” Ibrahim said. 

Another challenge is clinician inexperience with immunotherapies. 
While investigators involved in clinical trials of immunotherapies know 
how to identify and manage adverse events, this “might not be the case once 
the drugs get marketed or investigators who have less experience start treat-
ing patients with these agents,” Ibrahim said. He added that clinical trials 
occur in closely monitored environments and there are very strict criteria 
about when to stop treatment when adverse events occur, unlike in com-
munity oncology settings. Oncologists who have minimal experience with 
cancer immunotherapies may also be reluctant to treat patients experiencing 
inflammation with an immunosuppressive drug for fear of reducing the 
effectiveness of the cancer immunotherapy. In addition, oncologists who 
are not familiar with immunotherapies may try to manage adverse events 
symptomatically rather than mechanistically (providing patients with colitis 
an antidiarrheal agent rather than treating the inflammation causing the 
colitis). In addition, patients’ adverse events are often managed by internists, 
gastroenterologists, or endocrinologists who may be unfamiliar with cancer 
immunotherapies.

Ibrahim suggested several policy measures to encourage better manage-
ment of patients’ side effects of immunotherapies, including standardizing 
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how these adverse events are defined. He suggested having input from 
regulators, academics, and industry representatives for this endeavor, and 
considering including a separate term for immune-adverse events in the 
Common Terminology Criteria for Adverse Events that are used to charac-
terize the adverse events of agents in clinical trials.

Ibrahim also suggested developing novel ways of designing Phase I 
studies to characterize the safety of agents, as well as using expanded access 
to collect peri-approval data once Phase III studies are completed, but 
before the agent receives approval for marketing, as well as collecting 
safety data in the postmarketing setting. He also suggested including more 
community hospitals and oncology practices in clinical trials to gain “real-
world” clinical experience early in drug testing. 

Schwartzberg said the ability to manage patients’ adverse events varies 
according to the size of the practice providing cancer immunotherapies. 
Small- to medium-sized community practices, which provide approximately 
80 percent of cancer care in the United States, may have challenges address-
ing the side effects of immunotherapies, given that many may be reported 
by patients during the weekend when practice clinicians are not available. 
Such off-hours reporting may necessitate a hospital admission and care 
by someone not familiar with immunotherapies. Academic centers tend 
to have more after-hours coverage of their patients, in contrast, and more 
expertise providing cancer immunotherapies, said Schwartzberg. 

Ibrahim said patients should be better educated so they are aware of 
how important it is to report adverse events early. He also suggested leverag-
ing patient-reported outcomes and quality-of-life assessments, rather than 
just considering investigators’ assessments of adverse events. “You need to 
talk with and listen to your patients and understand that these toxicities 
need to be managed mechanistically and not symptomatically,” Wolchok 
added. In addition, clinicians outside of the medical oncology field need 
to be educated on adverse events linked to cancer immunotherapies, espe-
cially emergency room clinicians, specialists, and internists, Ibrahim said. 
 Wolchok and Schwartzberg suggested the development of patient materials 
to explain how immunotherapies work, expected side effects, and when 
those side effects might occur.

Schwartzberg described an electronic PRO system called Patient Care 
Monitor, which is intended “to keep patients on treatment and out of the 
hospital,” Schwartzberg said. This system collects information from patients 
on physical symptoms, functional status, and psychological status. It takes 
approximately 7 minutes to complete, has been validated and used by more 
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than 100,000 patients, and can be incorporated directly into an EHR. It is 
also available as a Web-enabled, cloud-based system that works on mobile 
devices. The system documents a patient’s symptom history, highlights 
severe problems, triggers appropriate information to be sent to patients 
(e.g., rash management), and tailors notifications to the care team. 

Schwartzberg said electronic PROs are a way to have patients report 
their side effects of immunotherapies in a timely fashion that might alleviate 
some of the more serious complications of such treatments. He said that 
one study found that quality of life was better in those patients assessed 
routinely with an electronic PRO system and that those patients were less 
likely to have emergency room visits (Basch et al., 2016).

Educating Clinicians, Patients, and Payers

Schwartzberg described the rapid progress seen in immunotherapies 
for cancer, with nine approvals of five different drugs or drug combinations 
between March 2015 and March 2016:

•	 March 2015: Nivolumab approved in squamous cell cancers follow-
ing platinum-based therapy

•	 September 2015: Nivolumab and ipilimumab approved in BRAF 
V600 wild type metastatic melanoma 

•	 October 2015: Pembrolizumab approved in PD-L1 positive non-
small cell lung cancer following platinum-based therapy (compan-
ion diagnostic)

•	 October 2015: Nivolumab indication expanded to non-squamous 
non-small cell lung cancer (complementary diagnostic) 

•	 October 2015: Imlygic (talimogene laherparepvec or T-VEC) 
approved for recurrent melanoma with injectable lesions

•	 October 2015: Ipilimumab approved for adjuvant treatment of 
lymph node-positive melanoma

•	 November 2015: Nivolumab approved for renal cell carcinoma after 
prior antiangiogenic therapy

•	 December 2015: Pembrolizumab approved in metastatic melanoma
•	 January 2016: Ipilimumab plus nivolumab approved for advanced 

BRAF wild type or mutated melanoma 

This rapid progress requires educational initiatives to ensure that clini-
cians are up to speed with the new treatments, Schwartzberg said, in addi-
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BOX 4 
Immunotherapy Information and Education for Patients

Informing patients about cancer immunotherapies is par-
ticularly important, several participants said. Gwen Darien, execu-
tive vice president for Patient Advocacy at the National Patient 
Advocate Foundation, described the results of a survey of cancer 
patients within the Cancer Support Community Cancer Experience 
Registry. This survey found that a number of patients with cancer 
have knowledge gaps and mis information about immunotherapy 
treatment. For example, she said that approximately 56 percent 
of survey respondents erroneously thought immunotherapy is a 
natural treatment and thus has little or no side effects. The survey 
also indicated that most patients wanted information about how 
the immune system functions, what immunotherapies are, and the 
potential short- and long-term side effects of treatment. 

Lee Schwartzberg, division chief of hematology and oncology 
at the University of Tennessee, added that his patients usually raise 
two primary concerns: whether or not their cancer is getting better 
or worse and what kinds of side effects they can expect from their 
treatments. Both questions can be challenging to answer in the 
immunotherapy setting, given the pseudo-progressions seen with 
some patients who receive immunotherapy treatment, as well as 
the variable range of side effects that are possible. 

As noted earlier, Ramy Ibrahim, clinical vice president of 
Immuno-Oncology at AstraZeneca, said that “patients are our part-
ners in trying to identify and manage” the side effects from immuno-
therapy treatment. He added that patient education about early 
intervention when side effects occur is especially important. Com-
plications from immunotherapy treatment can be life- threatening, 
he said, including bowel perforations in patients who develop 
colitis. Thus, he said that both patients and clinicians need to take 
symptoms like diarrhea seriously. Schwartzberg also discussed the 
role of patient-reported outcomes and quality of life assessments, 
in order to help patients and clinicians identify potential side effects 
of treatment early. 

The potential for pseudo-progression with immunotherapy 
treatment is another important area of education, Schwartzberg 
said. He added that this is especially for patients with lung cancer, 
who typically have imaging scans every 6 to 9 weeks while receiv-
ing standard treatment and may not understand why the imaging 

continued
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intervals are longer for immunotherapies, he said. “Setting expec-
tations with patients is really critical and there needs to be shared 
decision making,” Schwartzberg said. George Weiner, director of 
the Holden Comprehensive Cancer Center at University of Iowa, 
added that payers also need education about cancer immuno-
therapies in order to understand the potential for pseudo-progres-
sion and challenges in assessing whether or not an immunotherapy 
should be continued. 

Schwartzberg described an Immuno-Oncology-Integrated 
Community Oncology Network initiative to develop educational 
resources for patients. Community cancer nurses helped create 
these resources, which were validated with online surveys of cancer 
patients and caregivers. One resource, the Patient and Caregiver’s 
Guide to Immuno-Oncology, explains how immunotherapy works, 
potential side effects, and how patients can play an active role in 
their treatment. The mate rials also include a wallet card for patients 
so that if they have to go to the emergency room or the hospital, clini-
cians will be able to understand what treatments they have received, 
or are currently receiving, Schwartzberg said..

BOX 4 Continued

tion to opportunities for patient education (see Box 4). “There is an over-
whelming amount of knowledge that needs to be integrated quickly in order 
to get these life-saving drugs to the patients who need them,” Schwartzberg 
said, including clinician familiarity with the types of therapies available, 
determining appropriate use, and assessing patient responses. In addition, 
Wolchok emphasized that a critically important aspect of education is early 
recognition and proper management of the side effects of immunotherapies. 

There is a great need for immunotherapy training among clinicians, 
Schwartzberg said. A 2014 survey of the Association of Community Cancer 
Centers (ACCC) members found that more than half reported they were 
only somewhat, slightly, or not at all familiar with the concept of cancer 
immunotherapies. Clinicians said that the main challenges to using these 
therapies in clinical practice were a lack of information about specific 
therapies, few experts to consult with, and a lack of immunotherapy edu-
cation and training opportunities for their staff and patients. Recognizing 
this need, Schwartzberg said that the ACCC established the Institute for 
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Clinical Immuno-Oncology (ICLIO) to provide information about cancer 
immunotherapies to the full multidisciplinary team taking care of patients 
with cancer, including physicians, nurses, practice managers, financial 
counselors, patient navigators, and social workers. ICLIO’s educational 
initiatives have five domains: (1) management best practices, (2) clinical 
optimization, (3) training and development, (4) patient access and advo-
cacy, and (5) coverage and reimbursement. 

Wolchok added that that the SITC provides immunotherapy train-
ing sessions at their annual meetings, conducts an immunotherapy primer 
session for clinicians who do not have experience with cancer immuno-
therapies, and has developed online and mobile device-based educational 
activities. SITC also developed a traveling course, Advances in Cancer 
Immunotherapy, to make education on cancer immunotherapies more 
convenient for clinicians. ASCO also has integrated cancer immunotherapy 
topics into its ongoing online classes and other education programs for 
oncologists, and has collaborative sessions with SITC at both the ASCO 
and SITC annual meetings. The two organizations are offering a clinical 
immuno-oncology symposium in 2017.11 

Wolchok added that the Cancer Research Institute is working collabor-
atively with the Oncology Nursing Society to develop educational programs 
and materials for nurses and patients about cancer immunotherapies. There 
also is a policy working group convened by Friends of Cancer Research with 
a cancer immunotherapy education initiative. “There are many new agents 
rolling out and there is a flood of information for people to integrate,” 
Wolchok said. “I cannot stress enough how important it is to have these 
other organizations that have made a commitment to educating clinicians, 
nurses, and other treating colleagues in this important and growing area.”

VALUE OF IMMUNOTHERAPY

A number of workshop speakers highlighted a fundamental tension 
with immunotherapy treatment for cancer: these therapies have great prom-
ise to achieve durable treatment responses for some patients with cancer; 
however, they are also very expensive. Krug described the dramatic shift 
in the therapeutic options for patients with lung cancer: “When I finished 
my fellowship training, really the only treatment available for patients with 
advanced lung cancer was chemotherapy, [which] has a limited effect on 

11 See http://immunosym.org (accessed May 26, 2016).
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patients’ survival, and, of course, has [significant] toxicities associated with 
it,” Krug said. When the data on checkpoint inhibitors found improved 
survival for some patients with lung cancer, “it changed the paradigm and 
I think what was most impressive was the fact that these responses were so 
durable and patients were having much more long-term benefit. And that 
is really where the value is,” said Krug. At the same time, there are concerns 
about the high costs of cancer immunotherapies—both currently approved 
therapies, as well as the expected high costs of future cell- and vaccine-based 
therapies, and combination therapies. 

Escalating Cancer Drug Costs

Many workshop speakers noted that discussion of the value of 
immuno therapies is occurring against the backdrop of escalating prices for 
many cancer drugs (Howard et al., 2015). “The pricing model for oncology 
drugs is badly broken and it is hurting us as a society,” said Scott Ramsey, 
director at the Fred Hutchinson Cancer Research Center. He added that 
the price of the cancer drug Gleevec (imatinib) has tripled since it was 
introduced about 20 years ago, even though manufacturing costs have likely 
gone down, and its effectiveness has not improved.12 “These prices are not 
being set based on what health economists recognize as value, but on what 
the manufacturers’ think the market will bear. It is not a supportable model 
and until we start facing that reality, I am worried that access to these prom-
ising immunotherapies is going to be curtailed,” Ramsey said. 

“There is no obvious reason why something like Gleevec should keep 
going up in price when in fact the cost of its development was years ago,” 
Berzofsky said. Newcomer responded that although that would be true of a 
free-market system, such a free market does not exist in health care, as fed-
eral and state laws and regulations require coverage of most FDA-approved 
cancer drugs, and CMS cannot consider cost when deciding what drugs to 
cover (Bach, 2009). 

Woodman said that the value of a drug can also change over time: 
When Gleevec was first approved for patients with chronic myelogenous 
leukemia, he said that impact on overall survival and cure was not fully 
appreciated. In addition, Gleevec has subsequently been approved for eight 
other cancers, for which it often is curative, he said. Newcomer responded 

12 Gleevec’s patent protection ended in 2016, which is expected to result in a lower price 
(Kodjak, 2016).



Copyright © National Academy of Sciences. All rights reserved.

Policy Issues in the Clinical Development and Use of Immunotherapy for Cancer Treatment:  Proceedings of a Workshop

PROCEEDINGS OF A WORKSHOP 87

PREPUBLICATION COPY—Uncorrected Proofs

that pricing a product based on the years of life given to patients is not 
financially sustainable. Ramsey added that the second-generation tyrosine 
kinase inhibitors are priced at triple that of Gleevec, which was the first such 
inhibitor to enter the market, “yet we do not yet have evidence that they 
are clearly superior. They have better response rates, but if your argument 
is that when we see prolonged survival then we can charge more, why are 
you charging so much more for new drugs before the evidence is there?”

Ramsey added that although it is expensive to develop drugs, the cost 
of developing drugs is not going up commensurate with the price increases 
seen in cancer therapies. Many of these drugs underwent accelerated review, 
which reduced their cost of development because sponsors did not have to 
conduct large and expensive Phase III trials, he said. But Ramsey did note 
that the cost of manufacturing many immunotherapies, especially cell-based 
therapies, is much higher than it is for traditional drugs. 

Due to the extremely high costs of new cancer therapies, the financial 
burden to payers and patients has to be considered, Ramsey said. He added 
that patients are particularly vulnerable to the high costs of new treatments, 
because insurers are increasingly shifting the higher costs of care to patients 
and families through higher co-payments and co-insurance rates.  Newcomer 
added that in about 10 years, one estimate found that the amount of money 
households will spend on insurance premiums and out-of-pocket health care 
expenses will be equivalent to the projected average U.S. household income 
(Young and DeVoe, 2012). Newcomer said, “It is naïve to think we are not 
going to have to address costs. That’s magical thinking.” 

 “There are things we are going to have to give up in order to pay for 
these more exciting treatments,” he said. Newcomer listed several examples 
of wasteful health care spending that could be averted, including forgoing 
PET scans for women with early-stage breast cancers who are at low risk 
of recurrence. Newcomer also suggested that drug companies be prevented 
from packaging expensive infused medications in quantities that are larger 
than patients need. He noted that a recent analysis suggested billions of 
dollars could be saved, since leftover medicine has to be discarded for safety 
reasons (Bach, 2016).

Patient-Centered Definition of Value 

Gwen Darien, executive vice president for Patient Advocacy at the 
National Patient Advocate Foundation, said that any assessment of value for 
immunotherapies should consider the patient perspective. “If we talk about 
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patient-centered care and talk about putting the patient in the center, we have 
to ask the patient what she or he wants, values, and considers to be a cost,” 
she said. “The idea that all patients want access to all drugs no matter what 
the cost is false. Most patients do not have conversations with their clinicians 
about cost, and people make different decisions based on different values. For 
some people, a benefit of a few months at a huge cost either to their family, to 
their society, or their quality of life is not worth it,” said Darien. 

The patient survey described in Box 4 asked respondents how they 
define value when describing their cancer experience. Darien noted that 
most responses focused broadly on answering questions such as, “What do 
I value in my life and how does that impact by decision making? What do I 
value in terms of what I am going to be able to do and how does that impact 
decision making?” Darien said that none of the answers really focused on 
the cost and she added that cost is broader than purely financial cost and 
financial impact. When patients focused on describing value related to 
their health care, what they valued the most was communication with their 
health care team. “This was paramount to how they felt about their treat-
ment across all modalities,” Darien said. 

But unfortunately, clinicians are not reimbursed for taking more time 
to explain cancer immunotherapies to their patients, said Patricia Ganz, 
distinguished professor at the University of California, Los Angeles, School 
of Medicine. “One of the big challenges is that our payment models do 
not allow clinicians and patients to have the time to communicate about 
this. We need to make sure these discussions are happening so patients are 
offered [meaningful] choices,” Ganz said. She said that discussion can be 
focused both on access to immunotherapy treatment, as well as opportu-
nities to be involved in collecting information about these new therapies, 
such as participation in expanded access programs or registries. Ganz asked 
if CMS might be able to reimburse for the time clinicians take to have 
these discussions with their Medicare patients. James Rollins, director of 
the Division of Items and Devices in the Coverage and Analysis group at 
CMS, said the agency is currently working on promoting shared decision 
making by establishing reimbursement for this activity (see Box 5 for more 
information about CMS coverage policies). Such shared decision making 
would give patients and clinicians an opportunity to communicate when 
deciding on a treatment plan, he said.
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BOX 5 
How the Centers for Medicare & Medicaid Services 

Determines Coverage

James Rollins, director of the Division of Items and Devices 
in the Coverage and Analysis group at the Centers for Medicare 
& Medicaid Services (CMS), reported that CMS makes reimburse-
ment decisions based on whether there is evidence in the medical 
literature that treatments are reasonable and necessary (i.e., a 
treatment offers a clinically meaningful outcome for patients). “We 
place a lot of emphasis on the patient’s perspective,” he said, add-
ing that most patients want a treatment that prolongs their lives or 
improves quality of life without causing significant harm. 

CMS can only directly consider cost when making coverage 
decisions for preventive services, he said. CMS can consider 
 indirect costs, such as how the treatment increases or decreases 
hospitalization, as well as the value of a treatment, Rollins said. 
Value is often defined as quality obtained for the resources used, 
and to a certain extent CMS considers not only outcomes, but 
also the inputs necessary to achieve those outcomes, with cost 
as an indirect input, Rollins said. The outcomes CMS considers 
for oncology treatments include progression-free survival, time to 
progression, disease-free survival, or time to metastasis. “CMS is 
moving more and more away from [progression-free] survival [to 
overall survival] because that ties back into the patient’s perspective 
of what’s considered reasonable and necessary. If you take a look 
at some of our previous [National Coverage Decisions], there was 
very little emphasis placed on overall survival whereas now we’re 
placing more and more emphasis on that,” Rollins said

Although CMS makes some National Coverage Decisions, 
CMS will often leave these decisions up to the discretion of Medicare 
contractors through a Local Coverage Decision, or sometimes will 
enable Coverage with Evidence Development (CED). CED can be 
used for new treatments approved by the Food and Drug Administra-
tion (FDA) that are promising, but for which the evidence may not 
be sufficient for a final coverage decision. Through the CED policy, 
CMS can reimburse for the treatment only if patients agree to par-
ticipate in a clinical study to collect more information about effective-
ness of the treatment. CMS also recently developed a Memorandum 
of Understanding for products currently being evaluated by FDA that 
enables simultaneous review of the evidence on these products by 

continued
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both FDA and CMS. Manufacturers submit information on the treat-
ment to both agencies concurrently so there is no delay between the 
treatment being approved by FDA and reimbursed by CMS for the 
Medicare population, assuming the product is found to perform well.

When making its coverage determinations, CMS reviews the 
medical literature and considers data from various sources. There is 
a preference for systematic reviews and meta-analyses of random-
ized clinical trials. If clinical trial results are not available, CMS may 
consider cohort studies; expert opinion and anecdotal information 
is at the bottom of the hierarchy of evidence the agency considers, 
according to Rollins. CMS values patient input from studies that use 
quality-of-life measurement tools and patient reported outcomes 
that can reveal what’s most important to patients, Rollins said. 
“You’ve got to get the input from the patient’s perspective to make 
sure the treatment they’re getting not only improves their outcome 
in the long run, but from their perspective, they feel that they are 
getting something out of it,” Rollins said. He added that clinical 
studies completed as part of CED coverage determinations are 
designed to capture such information from patients. 

BOX 5 Continued

Pricing and Payment Models for Immunotherapies 
That Incorporate Value 

The escalating cost of health care suggests the need to prioritize 
high-value treatments and ensure value-based pricing, several workshop 
participants said. Newcomer suggested prioritizing how health dollars are 
spent on cancer care, noting that it may be more appropriate to focus on 
first-line immunotherapies, rather than developing it as a fourth-line or 
fifth-line option. For example, if CAR T-cell therapy works well as a first-
line therapy for patients with leukemia, it may be less costly because it 
could potentially avoid several rounds of chemotherapy or a bone marrow 
transplant,  Newcomer said. Several opportunities to ensure that immuno-
therapy pricing and payment emphasize value were discussed, including: 
 immunotherapy-specific assessment of incremental value and outcomes-
based pricing.
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Immunotherapy-Specific Assessment of Incremental Value 

Ramsey suggested that when determining a price for new treatments, 
an assessment of the incremental value of the treatment is needed—that is, 
the additional health gain for the additional cost of the treatment. Ramsey 
suggested using a new economic model for assessing the incremental value 
of cancer immunotherapies that incorporates the probability that a patient 
will experience a durable response to treatment. He said the minority of 
patients who have durable responses may live for decades, whereas for those 
whose cancers do not respond, the immunotherapy may not look much 
better than standard treatment. “If there is a cure fraction, then I think 
accounting for this with this mixture model improves things,” Ramsey said. 

He said that people whose cancers respond to the treatment will 
increase the total treatment costs if the immunotherapy is given to them 
over a longer period of time. But Ramsey added “that it is okay because they 
are [receiving] additional survival and quality of life.” Using this model can 
substantially affect the incremental cost-effectiveness evaluation, he said. 
When he applied the model to data on patients with advanced melanoma 
who received ipilimumab treatment, the incremental cost-effectiveness 
ratio (ICER) was $113,000/quality-adjusted life year (QALY) versus 
$324,000/QALY using the Standard Weibull model (see Table 4 for analysis 
 parameters) (Lin et al, 1997; Seidler et al., 2010; Tromme et al., 2014). “As 
we further refine the patient populations and identify markers for response 
so we do not have to give full courses of drugs for people who are not going 

TABLE 4 Parameters for Ipilimumab Case Study

gp100 Ipilimumab

Weibull analysis without cure modeling

 Mean overall survival (years) 0.90 1.60

Mixture cure model analysis

 Mean overall survival of cured patients (years) 26 26

 Mean overall survival of uncured patients (years) 0.75 0.83

 Cure proportion (percent) 6 21

NOTE: Mean overall survival of cured patients was greater than mean overall survival of 
uncured patients, and 15 percent more patients were cured by ipilimumab than gp100 
(glycoprotein 100). 
SOURCE: Ramsey presentation, March 1, 2016. 
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to benefit, it could be possible to push the ICER down into territory that 
might be considered reasonable value,” he said. “We need to tweak our 
economic models to consider a new approach that accounts for patients 
who may have durable responses,” he added.

Krug agreed, saying, “The paradigm has shifted now for these immuno-
therapies. They are not providing the incremental benefits we saw in the 
past when patients may be reluctant to pay for a therapy that improves their 
survival by a month or two. Now therapies can potentially extend patient’s 
lives much longer than that and these responses are much more durable. 
So we need to make sure that models that involve pricing take that type of 
information into consideration.”

Woodman also agreed that one should consider durable responses when 
calculating the value of immunotherapy, but raised the issue of how to 
define such responses, noting that some patients with durable responses still 
have residual disease but no symptoms. Greg Rossi, oncology business unit 
director at AstraZeneca, suggested that traditionally when cancer patients 
achieve a life expectancy similar to that of their age- and gender-matched 
peers, they are considered to have a durable response, if not a cure.

Outcomes-Based Pricing and Bundled Models

Rossi suggested use of value-based pricing of cancer immunotherapies 
for each indication and use of outcomes-based agreements with drug spon-
sors. “Instead of having a pharma product-centric or regulator population-
centric or payer system-centric or clinician-centric view of the world, we 
need to have an integrated view with the patient at the center of it,” he 
said. Rossi said Italy and other European countries have a pay-for-response 
model for the majority of therapies that enter the market, with the benefit 
for cancer patients assessed by how long the treatment is continued “because 
oncologists are not going to withdraw therapy that’s benefiting patients.” 
However, in the absence of a biomarker that predicts response to therapy, 
continuing therapy for a certain period of time can be a poor surrogate for 
effectiveness of the therapy, and payers can claw back or rebate either partial 
or full funds associated with anyone who progresses within that period of 
time,” he said.

Ramsey added that currently fewer than one-third of patients have 
meaningful responses to cancer immunotherapies. In a pay-for-performance 
model, the payer would pay for the treatment, but if there is no response, 
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then they receive a rebate for that patient. “That allows manufacturers to get 
paid when the product works and paid less when it does not work,” he said. 

Bundled or episode-of-care payment models are another way to cap 
treatment costs and encourage use of the most cost-effective therapies, said 
Rossi and Klein. With this approach, a single amount is paid for a treatment 
episode, so that clinicians have an incentive to choose high-value therapies. 
But because both the response and treatment duration will be unknown 
for many cancer immunotherapies, Klein said calculating their value is dif-
ficult. “How do we understand what we are getting for the money we are 
spending? Uncertainty in the immuno-oncology setting is a conversation we 
need to have,” Rossi said, noting the difficulties of doing value-based pricing 
when the evidence continues to evolve for immunotherapies. 

Improving the Evidence Base to Inform Treatment and Value 

Newcomer said that health care resources are often squandered by 
spending them on new treatments for which there is incomplete data on 
who is likely to benefit from them. “We still have to find out who are the 
right patients for these therapies, as exciting as the technology is, because 
if we give it to folks who are not going to benefit, we are wasting precious 
resources,” Newcomer said.

 However, Richard Schilsky, chief medical officer of ASCO, noted that 
providing therapy that is anticipated to only benefit some patients substan-
tially is already standard in many adjuvant treatments settings for early-stage 
cancers (e.g., chemotherapy or radiation therapy after a lumpectomy for 
early-stage breast cancers). “We accept that these adjuvant treatments are 
high-value therapies despite the fact that many people who get them do 
not need them and many who need them do not benefit from them. We 
cannot tell who those people are because the patients have no evidence of 
disease when they begin the treatment. We accept the notion that it is okay 
to treat everybody in the relevant population for what is generally a small 
percentage of individuals who will have long-term benefit from adjuvant 
treatment,” said Schilsky. He added that in the adjuvant setting, there are 
also efforts—using biomarker tests and gene expression panels—to better 
determine which patients may be at low risk of recurrence who could safely 
forego additional therapy. These same issues are emerging in the immuno-
therapy setting, in which only a small subset of those who are treated 
with immunotherapies will derive long-term benefit: “But the majority of 
patients will not [benefit] and we cannot yet decide who is in which group. 



Copyright © National Academy of Sciences. All rights reserved.

Policy Issues in the Clinical Development and Use of Immunotherapy for Cancer Treatment:  Proceedings of a Workshop

94 POLICY ISSUES FOR CANCER IMMUNOTHERAPY

PREPUBLICATION COPY—Uncorrected Proofs

We are confronted with the notion of treating everybody to try to get that 
long-term benefit for the few,” said Schilsky. Rossi agreed that the adjuvant 
setting is somewhat analogous to immunotherapy, and highlighted the 
critical role that biomarkers could play in identifying who is most likely to 
benefit from immunotherapy treatment. 

In addition to considering different approaches to assessing value, sev-
eral workshop participants suggested improving the evidence base through 
clinical trials research. “Let’s make [immunotherapy] trials accessible so we 
can get the answers we need. My moonshot challenge to Vice President 
Biden is let’s get 100,000 people [enrolled in] trials in the next 3 years. If 
we did, we could have a much more informed debate 3 years from now 
because we would have the data we need,” Newcomer said. Klein added that 
because many immunotherapies are entering the market based on surrogate 
endpoints from early clinical trials, the generalizability of that early data is 
also unknown. Rossi suggested considering how early access programs for 
immunotherapies could be used to collect information on patients’ long-
term outcomes. 

Newcomer noted that patients often have to travel long distances 
to enter clinical trials and many are not able to do so. “Let’s get the trials to 
them,” he said. Krug agreed and said that the Immuno-Oncology- Integrated 
Community Oncology Network, a network of community cancer centers, 
is currently collaborating with BMS so more community cancer centers are 
incorporated into clinical trials and novel treatments can be made available to 
more patients. Effort is also being made to make eligibility criteria for clinical 
trials broader so more patients can be enrolled, and to simplify and streamline 
the clinical trial process so data can be collected more quickly, Krug said. 
Khleif added that no one expected that progress in immunotherapy develop-
ment and clinical use “would happen so fast and be so impactful; so now it is 
important for us to start thinking of the different ways the field needs to go 
for the [next] 5, 10, or 15 years.” 
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An ad hoc committee will plan and host a 1.5-day public workshop that 
will feature invited presentations and panel discussions. Workshop partici-
pants will examine the rationale and potential for the development of targeted 
immunotherapy techniques for the treatment of cancer patients and consider 
policy challenges for development pathways and clinical implementation. 
Participants will be invited to discuss topics that may include

•	 An overview of the limitations of current preclinical models for 
immunotherapies and efforts to identify predictive, prognostic, or 
pharmacodynamic biomarkers for improved models and therapies;

•	 Challenges in clinical trial design and implementation, such as 
strategies to combine the best standard of care therapies with tar-
geted immunotherapies or combining multiple immune therapeutic 
agents, expedient patient identification for inclusion in studies, 
modification and use of genetically altered cells, and mitigation of 
adverse effects for patients;

•	 Opportunities for greater collaboration and information exchange, 
including the collection, curation, distribution, and analysis of 
appropriate patient samples for continuing laboratory studies;

•	 Opportunities for greater collaboration and information exchange 
between bio and pharmaceutical companies, especially by expansion 
of precompetitive space;

Appendix A 

Statement of Task 
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•	 Gaps in policy surrounding the development, regulation, and clini-
cal implementation of cell-based and gene-based immunotherapies; 
and

•	 Strategies for scaling up production of novel Food and Drug 
 Administration–approved immunotherapies to facilitate broad 
patient access.  

The committee will develop the agenda for the workshop sessions, 
select and invite speakers and discussants, and moderate the discussions. 
An individually authored workshop summary of the presentations and 
discussions at the workshop will be prepared by a designated rapporteur in 
accordance with institutional guidelines.
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FEBRUARY 29, 2016

7:30 am Registration and Breakfast 
 
8:00 am Welcome from the National Cancer Policy Forum 
  Michael Caligiuri, The Ohio State University 

Comprehensive Cancer Center
 Chair, National Cancer Policy Forum

 Overview of the Workshop
  Samir N. Khleif, Georgia Cancer Center at Augusta 

University
 Planning Committee Chair
 
8:15 am  Session 1: Overview of the State of the Science 

and Unique Policy Challenges in Developing 
Immunotherapies for Cancer

  Moderator: Deborah Schrag, Dana-Farber Cancer Institute 

 Personalized immunotherapy
 • Steven Rosenberg, National Cancer Institute

Appendix B

Workshop Agenda
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 Immune modulators
 • Naiyer Rizvi, Columbia University 

 Therapeutic vaccines
 • Jay Berzofsky, National Cancer Institute 

 Adoptive cell transfer
 •  Malcolm Brenner, Baylor College of Medicine 
  
10:00 am Break
 
10:15 am Session 2: Challenges with Preclinical Models for 

Immunotherapies
 Moderator: Lee Krug, Bristol Myers-Squibb 

 Limitations of preclinical models 
 •  Immune modulators 
  o  Alexandra Snyder Charen, Memorial Sloan Kettering 

Cancer Center

 •  Adoptive cell transfer 
  o  Helen Heslop, Baylor College of Medicine 

 •  Vaccines
  o  Bernard Fox, Earle A. Chiles Research Institute

 •  Preclinical data needs to justify the launch of clinical 
trials 

  o  Whitney Helms, Food and Drug Administration (FDA) 
Center for Drug Evaluation and Research

 Panel Discussion – Speakers Plus:
  Allen Wensky, FDA Center for Biologics Evaluation and 

Research
 
12:15 pm Lunch Break
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1:00 pm Session 3: Challenges in Trial Design for 
Immunotherapies and Combinations 

 Moderator: Michael Caligiuri, The Ohio State University 
Comprehensive Cancer Center 

 Novel trial designs to assess early clinical efficacy of 
immunotherapies 

 •  Rich Simon, National Cancer Institute 

 Biomarker integration in clinical trials for 
immunotherapies

 •  Lisa Butterfield, University of Pittsburgh 

 Strategies for personalized vaccines 
 •  Harpreet Singh, Immatics Biotechnologies

 Strategies for personalized cell therapy 
 •  David Porter, University of Pennsylvania

 FDA perspectives
 •  Rajeshwari Sridhara, FDA Center for Drug Evaluation 

and Research
 •  Peter Bross, FDA Center for Biologics Evaluation and 

Research

 Panel Discussion

3:10 pm Break

3:25 pm Session 4: Expanding Opportunities for Collaboration 
and Information Exchange

 Moderator: Amy Abernethy, Flatiron Health 

 Trans-IT interoperability
 •  Erik Perakslis, Takeda Pharmaceuticals

 Issues in data integration and sharing for novel therapies
 •  Mary Horowitz, Medical College of Wisconsin
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 Infrastructure for clinical data exchange
 •  Amy Abernethy, Flatiron Health 

 Bio/pharma collaboration in the precompetitive space 
 •  Steve Averbuch, Bristol Myers-Squibb 

 Panel Discussion 

5:25 pm Wrap Up Day 1 

MARCH 1, 2016

7:30 am Registration and Breakfast 

8:00 am Session 5: Implementation in Clinical Practice 
 Moderator: Malcolm Brenner, Baylor College of Medicine 

 Scaling cellular therapies for clinical use
 •  Mark Dudley, Novartis

 Technology assessment 
 •  Angela Thomas, UK National Health Service 

 Addressing adverse events in immunotherapy
 •  Ramy Ibrahim, AstraZeneca 

 Clinical practice and physician training needs for 
immunotherapy

 •  Jedd Wolchok, Memorial Sloan Kettering Cancer Center 

 Patient and family education 
 •  Lee Schwartzberg, Association of Community Cancer 

Centers 

 Panel Discussion 

10:00 am Break
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10:15 am Session 6: Value of Immunotherapy and Combination 
Therapies 

 Moderator: Samir N. Khleif, Georgia Cancer Center at 
Augusta University

 Industry perspectives
 •  David Kaufman, Merck 
 •  Lee Krug, Bristol Myers-Squibb 
 •  Greg Rossi, AstraZeneca

 Centers for Medicare & Medicaid Services perspective
 •  James Rollins, Office of Clinical Standards and Quality 

 Private payer perspective
 •  Lee Newcomer, UnitedHealthcare 

 Health economist perspective
 •  Scott Ramsey, Fred Hutchinson Cancer Research Center 

 Patient advocacy perspective
 •  Gwen Darien, Cancer Support Community

11:30 am Workshop Wrap-Up

11:45 am Adjourn
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TABLE C-1 Definitions

Term Definition

Antigen Any substance that causes the body to make an immune 
response against that substance. Antigens include toxins, 
chemicals, bacteria, viruses, or other substances that come from 
outside the body. Body tissues and cells, including cancer cells, 
also have antigens on them that can cause an immune response. 
These antigens can also be used as markers in laboratory tests to 
identify those tissues or cells.

Antigen-Presenting 
Cell (APC)

A type of immune cell that boosts immune responses by 
showing antigens on its surface to other cells of the immune 
system. An antigen-presenting cell is a type of phagocyte. 

B-Cell 
(B-Lymphocyte)

A type of white blood cell that makes antibodies. B-cells are 
part of the immune system and develop from stem cells in the 
bone marrow. Also called B-lymphocyte.

Cytotoxic T-Cells 
(CD8)

A type of immune cell that can kill certain cells, including 
foreign cells, cancer cells, and cells infected with a virus. 
Cytotoxic T-cells can be separated from other blood cells, 
grown in the laboratory, and then given to a patient to kill 
cancer cells. A cytotoxic T-cell is a type of white blood cell and 
a type of lymphocyte. Also called cytotoxic T-lymphocyte and 
killer T-cell.

Appendix C 

Glossary 

continued
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Term Definition

Helper T-Cells 
(CD4)

A type of immune cell that stimulates killer T-cells, macrophages, 
and B-cells to make immune responses. A helper T-cell is a type 
of white blood cell and a type of lymphocyte. Also called CD4-
positive T-lymphocyte.

Human Leukocyte 
Antigen (HLA)

A type of molecule found on the surface of most cells in the 
body. HLAs play an important part in the body’s immune 
response to foreign substances. They make up a person’s tissue 
type, which varies from person to person. HLA tests are done 
before a donor stem cell or organ transplant to find out if 
tissues match between the donor and the person receiving the 
transplant. Also called human lymphocyte antigen.

Lymphocyte A type of immune cell that is made in the bone marrow and 
is found in the blood and in lymph tissue. The two main 
types of lymphocytes are B-lymphocytes and T-lymphocytes. 
B-lymphocytes make antibodies, and T-lymphocytes help kill 
tumor cells and help control immune responses. A lymphocyte 
is a type of white blood cell.

Major 
Histocompatibility 
Complex (MHC)

A series of genes that code for cell surface proteins that control 
the adaptive immune response. The system is called H2 in mice 
and HLA (human lymphocyte antigen) in humans. Class I 
MHC contains three genes called HLA-A, B, and C; proteins 
from these genes are expressed on nearly all cells. Class II MHC 
genes are called HLA-DR, DQ, and DP; their proteins are 
expressed on antigen-presenting macrophages, dendritic cells, 
and B-cells.

PD-1 A protein found on T-cells (a type of immune cell) that helps 
keep the body’s immune responses in check. When PD-1 is 
bound to another protein called PD-L1, it helps keep T-cells 
from killing other cells, including cancer cells. Some anti-
cancer drugs, called immune checkpoint inhibitors, are used 
to block PD-1. When this protein is blocked, the “brakes” on 
the immune system are released and the ability of T-cells to kill 
cancer cells is increased.

Ras Gene Family A family of genes that may cause cancer when they are mutated 
(changed). They make proteins that are involved in cell 
signaling pathways, cell growth, and apoptosis (programmed 
cell death). Agents that block the actions of a mutated ras gene 
or its protein may stop the growth of cancer. Members of the 
ras gene family include KRAS, HRAS, and NRAS.

SOURCE: Adapted from http://www.cancer.gov/publications/dictionaries/cancer-terms 
and http://www.biology.arizona.edu/immunology/tutorials/immunology/10t.html 
(accessed May 18, 2016).
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