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Introduction

As our understanding on the mechanism of host immune responses to cancer significantly advances, the
development of cancer immunotherapies progresses at a growing pace with a variety of technological approaches.
They include “cancer vaccines”, which are based on the idea of vaccination, a typical immunological modality
against infectious diseases by inducing active immune responses in the human body; “effector cell therapy”,
classified as passive immunotherapy; and “inhibition of immunosuppression”, which intends to break
immunological tolerance to auto-antigens or immunosuppressive environments characterizing anti-tumor immune
responses. Specifically, recent reports showing clinical evidence of efficacy of immune checkpoint inhibitors and
adoptive immunotherapies with tumor-specific receptor gene-modified T cells strongly indicate the beginning of
a new era for cancer immunotherapy.

Most target antigens of previous cancer immunotherapies have been auto-antigens. Various immune tolerance
mechanisms inherent in the human body can suppress or prevent immune responses against auto-antigens.
Therefore, the immune responses induced by cancer immunotherapy are often less robust compared to those
against foreign antigens such as viruses. In addition, cancer-bearing hosts create an immunosuppressive
environment, especially in the tumor microenvironment, comprised of a wide variety of complex molecular
mechanisms mediated by the tumor. It is reported that formation of immunosuppressive environments becomes
enhanced as the cancer progresses. Recent advances in analysis of the interaction between cancer and immunity
have revealed more detailed picture of the anti-cancer immune response in terms of both positive and negative
impacts on the molecular level.

On the other hand, cancer immunotherapy targeting auto-antigens may lead to the development of autoimmune
reactions, causing tissue injuries; this has been reported in some studies. In nature, an immune checkpoint is a
biological mechanism for inducing and maintaining self-tolerance and homeostasis, suggesting that an immune
checkpoint inhibitor can cause certain autoimmune reactions with varying severity. Therefore, considerations of
safety in intensive immunotherapy, together with improved efficacy of cancer immunotherapy, become
increasingly important.

Based on the information and the current understanding of cancer immunology, which is a rapidly evolving field,
this Guidance summarizes ideas helpful to those who plan to develop useful cancer immunotherapy. The aims of
this Guidance are to discuss and offer important points while conducting clinical studies of innovative cancer
immunotherapy, with future progress in this field in mind, and contribute to the effective development of cancer
immunotherapy aligned with the scope of regulatory science. This Guidance explains cancer vaccines, effector
cell therapy, and inhibition of immunosuppression, including immune checkpoint inhibitors.

This Guidance has been prepared as a guide for academics, healthcare professionals, and industry engaged in
clinical development in the field of cancer immunotherapy. This Guidance describes concepts of Early-Phase
Clinical Studies.



I. Development of Cancer Immunotherapy

(1) Cancer immunotherapy approaches: Safety and efficacy characteristics

Cancer immunotherapy intervenes the immune system composed of various immune cells and molecules in
cancer-bearing hosts so that it targets cancer cells aiming to ultimately destroy them or inhibit their growth.
Although host immune responses to cancer remain largely unknown, a recent progress in tumor biology,
immunology, and molecular genetics and a deeper understanding of these fields have identified the involvement
of various immune cells associated with both innate and acquired immunity in every stage of cancer development,
and non-neoplastic and non-immune cells in a tumor microenvironment. The interaction of “cancer immunity”
are being understood based on the exchange of molecular information between these cells. Based on the current
understanding of “cancer immunity” mentioned above, cancer immunotherapy attempts an active intervention for
cancer immune responses, which change over time and space, and has started to reveal remarkable clinical
efficacy in some trials. Cancer vaccines, effector cell therapy, and inhibition of immunosuppression described
here are major options for cancer immunotherapy, which are currently in development, and they have the

following characteristics in terms of clinical safety and efficacy.

Cancer vaccines

Cancer vaccines are based on vaccination, a traditional immunological technology, and are intended to be
administered to cancer patients as vaccine antigen(s) prepared from tumor antigen(s). They can be given as various
forms and by using various administration methods. Their administration will then activate the cancer antigen-
specific immune responses of effector cells, mainly CD8* T cells and CD4* T cells, both of which are key players
in adaptive immune responses, through antigen processing and presentation by host immune systems. It is,
however, necessary to bear in mind that unlike vaccines for infectious diseases, most antigens are host auto-
antigens or altered auto-antigens; that cancer vaccines are often administered for treatment of tumors already
exiting in host bodies but not for prophylaxis purposes; that vaccine antigen(s) is further administered to hosts
while the tumor still expresses the tumor antigen(s); and that the purpose of cancer vaccination is to induce an
active immune response in the presence of tumor-mediated immunosuppression.

Vaccine antigens administered are usually host auto-antigens or altered auto-antigens. For molecularly identified
target antigens, vaccine antigens can be the forms of short peptides, long peptides, proteins, glycan, mRNA, or
DNA. For unidentified antigens, they can be components derived from cancer tissues. These antigens are
administered alone or after being pulsed to or incubated with antigen-presenting cells (dendritic cells or other
cells). Vectors such as viruses or microorganisms may be used. Recent studies have demonstrated that it is
important for enhanced immunogenicity of vaccines to administer vaccine antigen(s) in combination with a
delivery system for appropriate antigen transport and/or with immuno-potentiates (i.e., adjuvants), stimulating
immune responses against vaccine antigens during the course of immune responses. It is generally recognized
that many cancer vaccines have few adverse reactions; however, if new approaches for improving the efficacy of
vaccines (e.g., delivery system, adjuvants, or immune checkpoint inhibitors) rapidly become popular,
administration of cancer vaccines may offset immunological tolerance to auto-antigens resulting in adverse

reactions such as normal tissue injury.



Although the number of approved delivery systems and adjuvants used for cancer vaccines is still very few
worldwide, it is expected that many products will be commercialized in the field of cancer vaccine and widely
used in healthcare setting. Clinical evaluation is ongoing for various delivery systems, including physical vectors:
emulsions, liposomes, polymer micelles, and nanoparticles; and biological vectors: viruses and microorganisms.
In a broad sense, adjuvants can include all materials that can enhance the effect of vaccines. A wide variety of
materials such as metal salts, small molecule compounds, polypeptides, nucleic acid, and proteins (e.g., cytokines
and others) have been assessed and clinically evaluated as adjuvants. Agonists of toll-like receptors (TLRSs), which
have a major effect on acquired immunity through activated innate immunity, have recently been recognized as
adjuvants. While fully understanding the immunological and pharmacological properties of individual materials,
the proper use of various delivery systems and adjuvants is necessary considering their benefits of enhancing
vaccine immunogenicity and risks of adverse reactions induced by undesirable immune responses against auto-
antigens. Enhanced immunogenicity and potential adverse reactions may vary depending on combination of
vaccine antigens and delivery systems and/or adjuvants, and it is desirable that appropriate combinations should
be considered from early stage of development.

Regarding adverse events in cancer vaccines, previous studies on cancer vaccines with various forms of vaccine
antigens have rarely reported the incidence of adverse events associated with auto-immune reactions even if
immune responses against vaccine antigens were clearly detected after multiple administration of vaccines. Most
reported adverse events are topical or systemic reactions seemingly towards adjuvants administered with vaccines.
Considering, however, the future use of cancer vaccines with highly enhanced immunogenicity by delivery
systems and/or adjuvants, this may increase the incidence of autoimmune-like responses to auto-antigens.

As for clinical efficacy, various forms of cancer vaccines have been evaluated in clinical studies, and only a
limited number of reports have described objectively defined tumor regression. Although immune responses are
induced in some patients, the response in peripheral blood is not necessarily consistent with clinical effect.
Indications for cancer vaccines include metastatic cancer with high tumor burden, and prevention of post-surgical
recurrence with minimized tumor burden by surgical procedures and/or other treatments. Results from various
ongoing late-phase studies may greatly help in determining whether cancer vaccines would be clinically
efficacious against various types of cancer in terms of delayed progression and prolonged survival. Standard
methods for efficacy evaluation include response evaluation criteria in solid tumors (RECIST) used for the
evaluation of tumor regression. This is often used for conventional anti-cancer agents. Improvement in quality of
life (QOL) such as pain relief is also often used as surrogate endpoints; however, there is no established evaluation
method with a global consensus yet.

Effector cell therapy

Effector cells directly involved in the destruction of cancer cells and inhibition of their growth include CD8* T
cells, CD4* T cells, yo T cells, NK cells, and NKT cells. These autologous cells collected from the peripheral
blood or tumor in patients are in vitro processed and allowed their proliferation, and subsequently infused into the
patients. During in vitro preparation of these cells, antigen-nonspecific or -specific stimulation by tumor antigens
or autologous tumor cells may be provided.



Recently, efforts are ongoing to develop infusion therapy with tumor antigen-specific T cells genetically
engineered by transducing antigen receptor genes for lymphocyte-specific antigens and expressing them using a
viral vector or other methods. T-cell receptors (TCRs) and chimeric antigen receptors (CARs) are mainly used as
antigen receptors.

Some infusion therapies with polyclonal tumor antigen-specific T cells prepared from tumor-infiltrating
lymphocytes (TILs) or with receptor-modified T cells are reported with serious adverse events. These adverse
events include direct toxicity associated with administered cytokines, immune-suppressants used for conditioning
regimen or total body irradiation in order to enhance infusion therapy effect, as well as symptoms associated with
modified/enhanced activity of infused cells through conditioning regimen. A rapid proliferation and activation of
infused cells due to so-called homeostatic lympho-proliferation could lead to an increased production of cytokines
and inflammatory reactions in patients who have received conditioning regimen, potentially resulting in cytokine
release syndrome (CRS). As for CAR T cells, a clinical study of CD19-CAR T cells in acute lymphocytic leukemia
has reported a high incidence of CRS, which may have associated with a clinical effect, suggesting the need for
adequate measures to be established in advance for managing the adverse event and for carefully gathering safety
information. Rapid tumor cell damage may also lead to tumor lysis syndrome. Furthermore, it has been reported
that use of artificially-modified antigen receptors resulted in the incidence of adverse events including deaths due
to unexpected responsiveness to target antigens or similar antigens expressed in normal tissue.

Very few serious adverse events have been reported regarding infusion therapy with non-specifically activated
lymphocytes, yd T cells, NK cells, and NKT cells, although the incidence depends on the activity and dose of
infused effector cells.

Obijective tumor regression or disappearance have been reported with infusion of TIL-derived antigen-specific T
cells and antigen receptor-modified T cells, and a number of patients are also reported to achieve long-term
remission. Although these approaches are still in an early development stage, further investigations are warranted
to see whether delayed tumor progression or prolonged survival can be achieved as with other standard cancer
therapies.

In most cases, it remains unclear if infusion therapy with non-specifically activated lymphocytes, yd T cells, NK
cells, or NKT cells would produce tumor regression. Although some studies report the efficacy in infusion therapy;,
it is necessary to analyze its causal relationship with the therapy. As it is inferred that a great number of patients
have already received these types of therapy, it is, therefore, necessary to discuss scientific significance of the
improvements in subjective symptoms and QOL. To establish scientific evidence for these treatment approaches,
clinical studies should be conducted using an appropriate control group and statistical analysis.

Historically, allogeneic stem cell transplantation and associated donor lymphocyte infusion have been widely
performed as non-self cell-based therapy, and there have been some efforts to use non-self NK cells for infusion
therapy. For effector cell therapy, patient’s own lymphocytes are currently the major source. Use of non-self
lymphocytes are considered to have several benefits such as ensuring homogeneity of infused cells, reducing
impact on treatment outcomes due to patient’s conditions, and ensuring the availability of infusion therapy. On
the other hand, rejection of infused cells, graft-versus-host disease (GVHD), and risk of pathogens are among the

issues need to be overcome in order to commercialize this technology.



Inhibition of immunosuppression

Most identified cancer antigens are so-called auto-antigens, and it is assumed that immunological tolerance has
been developed in the host body as expression of these antigens at any point, including the fetus period. Therefore,
immune responses against these antigens are weakened by various mechanisms. Moreover, recent cancer
immunology studies reveal that growing cancer cells create and maintain an immunosuppressive environment
around them. The induction and augmentation of immune responses against the tumor have been studied by
terminating the activity of many immunosuppressive cells and molecules involved in this immunosuppression.
For example, blocking tumor immunosuppression mechanism called an immune checkpoint inhibitor is one of
the successful treatment methods. While numerous studies have recently reported high therapeutic benefits of
antibodies blocking these immune checkpoint molecules (i.e., CTLA-4, PD-1, and its ligand PD-L1), it has also
become clear that development of responsiveness to normal tissues associated with the blocking of tumor
immunosuppression can result in autoimmune diseases. Contrary to the approach for enhancing host immune
responses against cancer using antibodies blocking immunosuppressive molecules, the method of using agonist
antibodies against immune-stimulating molecules for inducing antitumor effect is currently under development.
Target molecules include 4-1BB, OX-40, and GITR, which are inductively expressed mainly on activated T cells
and serve as receptors transmitting stimulatory immune signals. It is also expected to develop comprehensive
cancer immunotherapy by combining these treatment approaches with immune checkpoint inhibitors or cancer
vaccines.

Some of these therapeutic approaches are reported to cause colitis, hepatitis, endocrine disorders, skin disorders,
and other symptoms with varying incidence as well as varying extent and degree of autoimmune reactions,
depending on the inhibited molecules. This clearly indicates the existence of immunological tolerance to
autoantigens and suggests that use of similar approaches would inevitably lead to the incidence of various
autoimmune reactions, resulting in damage to normal tissues. Adverse events associated with autoimmune
reactions greatly vary among individuals, and the site of damage also differs in individuals. It is necessary to
establish adequate measures to manage the adverse events in advance and carefully gather safety information as
it is expected that there is a correlation between clinical efficacy and the occurrence of immune-related adverse
events.

Meanwhile, many patients have remarkably responded to these treatments, and complete tumor disappearance,
tumor regression of varying degrees, and/or long-term clinical response are reported for the treatment of
melanoma. Because of differences in functions between CTLA-4 and PD-1 molecules on the surface of T cells,
combination of these antibodies is reported to provide a considerable clinical effect. These treatment methods are
expected to slow progression and significantly prolong survival in patients with advanced cancer other than

melanoma.

(2) Development of target antigen test methods
Cancer immunotherapy often targets specific antigen; therefore, it is necessary to develop detection methods for

target antigens as comprehensive as possible to select patients eligible for clinical development. Efforts should be



made to develop target antigen detection system, quantitative evaluation technique, evaluation criteria, and their
standardization from the early stage of the clinical development. Considering that target antigens are often
detected and quantitatively measured as proteins or mRNA encoding these proteins, it is necessary to adopt the
latest technique to the extent possible in order to ensure sufficient sensitivity and quantitative performance. As
the information on expressions of target antigens may be used as a useful biomarker for predicting clinical
response, its feasibility will be determined as the clinical development advances. Therefore, target antigen test
methods should be developed in parallel with clinical studies of cancer immunotherapy. Although patients
participating in clinical studies have been assessed for antigen expression in tumor tissues, the proportion and the
intensity of positive results were not closely assessed in many previous studies. Considering enrolling eligible
patients and developing biomarkers, implementing target antigens test methods as quantitative as possible would
be beneficial in increasing the probability of success for clinical development.

Most target antigen test methods are unique to each cancer immunotherapy. If used as companion diagnostics, the
test methods need to be developed with cancer immunotherapy clinical studies as their development requires
considerable time and sufficiently accumulated clinical data. For antigen-specific effector cell therapy,
particularly receptor gene-modified T-cell therapy, close attention should be paid in advance to expressions of
antigen molecules and the potential of unexpected cross reactivity by performing a detailed analysis of epitopes.
It may be necessary to develop its detection method as well.

Although immune checkpoint inhibitors are not intended to target specific cancer antigens, the prior knowledge
about expressions of target molecules such as PD-L1 in tumor tissues for an anti-PD-1 antibody would help in
evaluating an association between the drug and tumor properties.

It is important to refer to results of target antigen test methods in development of conventional antibody products,
such as anti-HER?2 antibodies, anti-EGFR antibodies, and anti-CCR4 antibodies, and to consult the guidance on

the development of companion diagnostics.

(3) Immune response

It is vitally important that immune responses are evaluated in clinical studies of cancer immunotherapies. Unlike
in humans, it is often difficult to properly evaluate immune responses in non-clinical studies using animal models.
While considering differences between humans and animal models, it would be important to establish a model
system for verifying the mode of action of the investigational product and relevant parameters wherever possible
in non-clinical studies, ultimately verifying the proof-of-concept (POC) in order to enhance the probability of
success for the development.

For clinical development, evaluation of immune responses in early-phase clinical studies, including first-in-
human (FIH), is important for determining the immunobiological activity of the investigational therapy. Nature,
magnitude, and persistency of induced immune responses, would be useful data for future clinical development.
As early-phase clinical study is the first opportunity to observe immune responses against target antigens, their
analysis should be conducted as extensive and comprehensive as possible. Evaluation of obtained data would
provide scientific rationale for relevant cancer immunotherapy; it will be vitally important to evaluate how

appropriate the clinical development itself is and to determine whether to continue or discontinue the development.



In cancer vaccine and effector cell therapy, inducing and immunizing immune responses against target tumors are
requirements but effective methods of immune response induction and immunization remain largely unknown for
both cellular and humoral immunity. Since an immune response indicative of clinical efficacy may be different
in terms of its nature and magnitude depending on the investigating therapy, it is important to clarify the thinking
around its interpretation in advance.

Antigen-specific T cells are mainly used for immune response assay during cancer vaccine and effector cell
therapy. The assay should be quantitative to the extent possible as well as reflective of in vivo immune status.
When cells are required to be incubated for a long time, it should be noted that these particular assays may not be
suitable for quantitatively determining immune response. As for T-cell response assays, enzyme-linked
immunospot (ELISPOT), intracellular cytokine staining, or MHC multimers are widely used assay methods but
may be variable in results depending on the sample conditions and reagents used. Further, the assays would require
skilled analysts which could cause inter-lab variability. When multicenter clinical studies are to be conducted, it
is, therefore, necessary to fully review and consider the options of centralizing analytical labs and standardizing
procedures for consistent assay technique for measuring T cell response. Other conventional assays include
determining T-cell biological response using skin reactions to vaccine antigens (i.e., delayed-type hypersensitivity
(DTH)).

For effector cell therapy, it is important to evaluate infused cells over time, particularly analyzing the cell quantity,
function, and property. Since it is also important to assay and assess pharmacokinetic, quantitative, and functional
changes of infused cells over time, it is necessary to select and develop appropriate immune response assay(s)
according to the characteristics of investigational cell formulations. Although early-phase clinical studies of CAR
T-cell therapy indicate remarkable antitumor effect on hematological neoplasms, there has been also reports of a
high incidence of serious adverse events, including CRS; thus, taking measures to predict onset of toxicity and to
consider how to manage the toxicity beforehand is critical.

Meanwhile, immune responses to various auto-antigens, including tumor antigens, are sometimes enhanced
through drug-induced inhibition of immunosuppression such as immune checkpoint inhibitors. Although there is
a high expectation for obtaining good clinical response, it is also assumed that certain incidence of adverse events
associated with injury to autologous cells is unavoidable. In addition to specific immune response assays for
conventional cancer vaccine and effector cell therapy, immunological biomarkers should be, therefore, studied to
select patient population with potentially high response rates (prediction of clinical response) and those with an
increased toxicity (prediction of toxicity) at an early stage. Furthermore, it is also important to analyze other
properties, such as half-life of administered antibody and sustained binding to target immune checkpoint
molecules (pharmacodynamics). Since immune checkpoint molecules are expressed not only on effector T cells
but also on immunosuppressive cells, such as regulatory T cells, it is necessary to analyze immune responses by
considering direct activation of effector T cells and blocking effector cell suppression after administration of
therapeutic agents. Although analyses of humoral immunity responses, cytokines, chemokines, and other factors
are at exploratory stage, data obtained may become important for the future development of safer and more

effective therapies.



As analyses of peripheral blood samples and immune responses against “tumor lesions™ are considered extremely
important for all treatment approaches, it is desirable to make utmost efforts in collecting samples and closely

analyzing them.

(4) Biomarkers

It is an urgent issue to identify biomarkers for predicting efficacy and adverse events associated with cancer
immunotherapy. As previous reports reveal that target antigens and immune responses are useful but not sufficient
as biomarkers, exploring other parameters is warranted. Given substantial diversity in tumors, immune systems,
and hosts involved in immune responses against tumor, a wide variety of parameters are candidates for biomarkers.
Above all, the following three factors are the main target for the evaluation: “tumor cells, tumor lesions, and
systemic disease status”; “individual variability in host genomes”; and “analysis of immune response such as

changes in immune cells and immunologically relevant molecules”.

Analysis of individual cancer characteristics

Analysis of individual tumor characteristics probe into: (1) tumor cells; (2) non-immune cells and molecules,
including vessels, stromal cells, and extracellular matrix molecules in tumor tissues; and (3) immune cells
infiltrating tumor lesions. Parameters for analysis include but are not limited to the quality and quantity of various
expressed antigens, functional properties of antigen molecules, expression of an antigen peptide—MHC molecule
complex and molecules associated with the complex formation, molecules responsible for immunological synapse
formation, diversity of immune-modulatory (immunosuppressive) molecules (e.g., PD-L1 and FasL) expressed
on tumor cells, nature of stromal cells and composition of a tumor microenvironment, and tumor sites.

Since these types of analysis mainly use tumor tissues, collection, processing, and storage of biopsy and surgical
specimens are extremely important. Pathological and immune-histochemical approaches have been widely used
for analysis. Skilled and experienced analysts are required to prepare and handle the necessary antibodies and
reagents for analysis. The recent widespread use of global analysis techniques for genomes and transcriptomes,
such as DNA array, next-generation sequencing, and quantitative reverse transcription-PCR, is greatly improving
the quality and volume of information provided by analysis of individual tumor characteristics. These analysis
techniques require selecting component cells before evaluation. For all approaches, analytical procedures need to
be validated and standardized. It is also necessary to carefully assess and establish system to properly evaluate an
association between the obtained data and therapeutic efficacy.

Clinical samples other than tumor tissue (e.g., serum, blood cells, and urine) are widely used for analysis of
systemic disease status. Efforts are also underway to develop a technique to measure secretion from tumor cells

or circulating tumor cells using relatively readily available clinical samples, such as blood or urine.

Analysis of individual patient characteristics
For analysis of patient’s genomic background, the progress of preceding SNP analysis and PCR analysis of gene
expression as well as next-generation sequencing analysis has refined the analysis of individual host

characteristics. In accordance with this trend, relevant analytical procedures are also becoming more sophisticated



and simplified. The classes and expression of MHC molecules involved in antigenic peptide presentation have
been analyzed for determining the cause of host immune responses. Although the importance of genetic
background of cells and molecules involved in a complex immune system is also suggested, its significance and

usefulness should be further evaluated in most cases.

Analysis of immune cells and relevant molecules

As a result of analysis of immune cells and immune-related molecules, such as antibodies, cytokines, and
chemokines, before and after cancer immunotherapy, it is suggested that pre-treatment analysis data on these
parameter could be biomarkers for safety and efficacy of the investigational agents. Recent studies focus on the
behavior of antigen-specific and -nonspecific immune responses and also emphasize the importance of measuring
immunosuppressive regulatory T cells and myeloid-derived suppressor cells (MDSCs). Peripheral blood has been
the main source that the discussions were based on, and the importance of analyzing behaviors of effector cells
and immunosuppressive cells in “tumor lesions” is now emphasized. To date, most studies have been conducted
in an exploratory fashion, and the relevance of their findings needs to be investigated further. Current studies
suggest that the number and property of TILs may be a prognostic predictor for some cancers. Results from similar

studies are awaited to figure out whether the efficacy and safety of the cancer immunotherapy can be predicted.

(5) Sampling, storage, and analysis of clinical samples

Clinical studies of cancer immunotherapy involve intervention to regulate patient’s tumor immune responses, and
there may be many unpredictable factors associated with post-treatment immune responses in the development of
new therapeutic agents. Assessment of endpoints becomes more important in later clinical studies, and it is also
important to collect, store, and analyze patient samples. Collecting samples with minimally invasive procedures
over time before and after study treatments is an important issue in designing a clinical study. However, most
procedures used for analysis of immune responses against tumors are not standardized yet, and only exploratory
data analysis could be available. Meanwhile, tumor cytology and immune-cytology are rapidly advancing, and
analysis of patient samples using new approaches is crucially important for clinical development. Advanced
analytical approaches should be adopted in the developments, particularly considering that it takes ample time to
conduct clinical studies from phase | to later phases. A proper collection and storage of samples are of a great
significance. It is important to obtain informed consent from patients before sample collection, to register and
store samples, to establish banking system, and further to build a database for data analysis.

In most cases, patient samples have been limited to surgical specimens and peripheral blood collected over time.
Obtaining tumor tissues is vitally important for analyzing immune responses, and the needs for collecting through

biopsy pre/post treatment should be considered as much as possible.

(6) Combination cancer immunotherapy
Immune responses against tumors comprise positive and negative feedback loops of many host immune cells and
molecules around “tumor lesions.” Growing knowledge of the complex mechanism strongly suggests the need

for combining different approaches to various immune responses for the development of a more effective cancer
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immunotherapy. Currently, developed approaches for cancer immunotherapy include an increased activity of
antigen-presenting cells (e.g., immunological adjuvants), activation of effector cells (e.g., concomitant cytokines
and pre-treatment for lymphocyte depletion), and depletion of regulatory T cells (e.g., blocking antibodies). There
is a high hope for combination cancer immunotherapy which combines therapies with different modes of action,
and it is growing to be the mainstream of development approaches. Combination therapies include widely used
chemotherapy, biological products, and radiotherapy; it is necessary to gather specific information on mechanisms
of action, doses, and dosing regimens in terms of interaction of immunotherapies with concomitant medications
as much as possible. A combination with other immunotherapies or chemotherapeutic agents may cause
unexpected toxicities. Although it depends on drug properties, it is also important to investigate combination
therapies with not only approved drugs but also unapproved ones from the beginning of clinical development.
Prior chemotherapy or radiotherapy could be important to ensure the efficacy of effector cell therapy. Therefore,
combination use of these pre-treatments should be actively investigated.

When approved drugs are combined with cancer immunotherapies, the mode of administration may differ from
the approved one. Careful consideration is required in such cases. When pre-clinical findings suggest the basis

for combination use, it is important to perform clinical studies with suggested combination.

(7) Personalized cancer immunotherapy

Immune responses against tumors largely depend on individual characteristics of tumor cells and hosts as well as
diversity of immune systems. It is, therefore, natural that appropriate treatment methods differ by patient. As with
other cancer therapies, it is necessary to develop possible treatment algorithms, enabling the choice of an adequate
treatment regimen for individual patients. A recent introduction of new technologies, such as next-generation
sequencing, has greatly improved individual analysis techniques on the genomic level, providing an opportunity
to consider generating a system for individualized cancer immunotherapy.

As one of the characteristics of cancer, the type and combination of tumor-specific antigens are known to differ
by patient. In this context, some cancer vaccines are being developed using a combination of different tumor
antigens. Some cancer vaccines are being developed by combining antigens, such as peptides, utilizing individual
immune responses in the body as indicators to select appropriate antigens. Lymphocyte infiltrating tumor lesions
in each patient are polyclonal, and their composition greatly varies among patients. The idea of effector cell
therapy with TILs for cancer treatment is also based on individual characteristics of each tumor. Future
development programs of individualized cancer immunotherapy include analysis of a wide range of variant
antigens observed in each cancer, such as mutant proteins associated with point mutation, translocation, and
splicing variant, for the production of cancer vaccines or effector cell therapy that can attack variant neo-antigens
unique to each patient.

The personalized medicine, coupled with progress in supporting technologies, is expected to be widely applied to
cancer immunotherapy and become a new paradigm for cancer treatments. This brings about the need to clarify
the current thinking on the safety and efficacy of treatment methods based on the information gathered from each

patient for the development of new therapies.
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I1. Concepts for Early-Phase Clinical Studies

The main objectives of early-phase clinical studies of cancer immunotherapy are to determine safety profile,
optimal dose, dosing regimen, dosing schedule, and efficacy.

(1) Patient population

a. Target disease stage and disease state

For early-phase clinical studies of cancer therapeutics, particularly those administered in humans for the first time,
target population is generally patients with advanced or metastatic and recurrent cancer where an appropriate
treatment option is not available. A clinical study of cancer immunotherapy should also be designed to target
patients with similar lesions.

When an investigational product, such as cancer vaccine, is evaluated for safety and induced immune response,
it should be carefully reviewed whether the patients with advanced lesions could be the target population for the
study. For example, if enrolled patients have metastatic and recurrent lesions and their symptoms deteriorate
shortly after the initiation of the investigational therapy, there may not be time long enough to observe any
evaluable immune responses. Furthermore, the majority of patients with metastases/recurrence have received
chemotherapy or radiotherapy which may have a negative impact on induced immune response of cancer
immunotherapy, especially that of cancer vaccines, leading to reduced immune responses. Therefore, in some
cases, it may be appropriate to target a population with lower tumor burden, in whom host immune responses
have been maintained. In other words, it may be necessary to evaluate the suitability of the study design; it may
be necessary to consider including patients without tumor lesions after complete resection or responding to the
chemotherapy/radiotherapy, or patients with only minimal lesions. If a method of minimizing the effect from prior
therapy (e.g., chemotherapy), such as setting the appropriate washout period, is available, it should be considered
to adopt the method when recovery of the host immune response can be expected.

When the target population has no evaluable lesions, it may be possible to fail to observe an adequate efficacy in
a short term. When the progression-free survival (PFS) is evaluated, it may be difficult to decide whether to
continue the development of the investigational therapy during the study. When parameters, such as disease-free
survival (DFS), overall survival (OS), and changes in some tumor markers, are used as endpoints for evaluating
effects of preventing tumor recurrence after surgical removal (i.e., post-operative adjuvant setting), it is necessary
to fully review suitable study designs and control groups.

In some effector cell therapies and immune checkpoint inhibitor therapies, anti-tumor effects such as tumor
regression may be achieved relatively quickly. In such cases, it may be appropriate to target population with
evaluable metastases and/or recurrent tumor. As for drug-related adverse events, immune checkpoint inhibitors
may cause autoimmune reactions; thus, the inclusion of patients with autoimmune reactions regardless of obvious

or latent should be carefully reviewed particularly in early-phase clinical studies.

b. Target cancer type
In most cases, the main objectives of phase | studies of traditional anti-cancer agents are to determine the
maximum tolerated dose (MTD) and safety profile of investigational product; as the studies include groups of

patients with a wide variety of cancers, the potentially different clinical responses would not be a significant issue
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in interpreting the outcome. Therefore, multiple tumor types are commonly targeted in phase I studies for anti-
cancer agents, such as cytotoxic drugs. After determining MTD for the investigational product, its efficacy is
commonly evaluated in subsequent phase 11 studies targeting specific tumor type(s).

Since many phase | studies have failed to determine MTD for conventional cancer vaccines, we may see
increasing use of endpoints other than toxicity, particularly immune responses induced by investigational product,
to determine the recommended dose moving forward. While this is the anticipated trend, when targeting a wide
range of tumor types, the previous treatment often differs among patients depending on the tumor types, which
might lead to potential impact on the induction of immune responses mediated by cancer immunotherapy,
hindering result interpretations of immune response analysis. This may ultimately impact the study outcomes.
Therefore, if immune response is evaluated for cancer vaccines in a small group of patients, it should be noted
that enrolling patients with relatively consistent tumor types and previous treatments may be desirable.
Antigen-specific cancer immunotherapies, such as cancer vaccine and effector cell therapy, are intended to induce
immune responses against target antigens resulting in anti-tumor effects; the target cancer would be limited to
those with expressing the target antigens. As antigen expression is expected to be a predictive biomarker for
clinical response, if the method of antigen detection is not yet established, it is important to advance the
exploratory research and development of antigen detection methods in early phase in conjunction with conducting
clinical studies (see I. [2] Development of target antigen test methods).

When investigational products are evaluated in multiple tumor types with confirmed target antigens, differences
in toxicity between the tumor types remain poorly understood: thus, the tumor types may not be specified for
planning phase | studies. However, there may be difference in efficacy as the component of tumor cells or tissues,
profiles of cytokines and chemokines produced around the tumor, and penetration of immune cells into the tumor
tissue may be different depending on the tumor types. Therefore, it is necessary to review and consider all the
possibilities that would result in different immune responses and anti-tumor effects in the cancer immunotherapies
in general.

For treatment with immune checkpoint inhibitors, particularly monotherapy, the target tumor type may not be

limited by expressions of specific tumor antigens.

(2) Enlargement of lesions during clinical studies

In clinical studies of conventional anti-cancer agents, the enlargement of tumor lesions and appearance of new
lesions generally mean that the investigational product is not effective, leading to the treatment discontinuation.
Meanwhile, as it is expected for cancer immunotherapy to induce biologically active immune responses to take
some time, patients who receive cancer immunotherapy need to be checked for delayed responses. It should also
be noted that inflammatory changes induced by immune responses at the local tumor site may trigger temporary
enlargement of tumor lesions. When planning a cancer immunotherapy study in patients with evaluable lesions,
the decision should be made prior to the study initiation as to whether to discontinue or continue the study in the
event of lesion enlargement or appearance of new lesions. Careful review should also be conducted as to whether
continuing the study participation would be disadvantageous for individual basis. A study protocol should

stipulate the criteria for continuing treatment for individual patients in the event of lesion enlargement or
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appearance of new lesions during protocol-driven treatment.
Before continuing the study treatment, patients must, at least, meet the following conditions:
Comparable performance status to the baseline
Non life-threatening lesion(s)
Tolerable adverse event(s), allowing continuation of the study drug
Informed consent must be obtained from the patient after explaining an increased risk of symptom deterioration

and possible switch to available alternative treatments at the time of discontinuation.

I11. Phase I Clinical Studies

The primary objectives of phase I clinical studies are to assess safety and tolerability.

(1) Initial dose and dosing schedule

In development of conventional cytotoxic anti-cancer agents, the design of phase I clinical studies is generally
based on non-clinical (in vitro and animal studies) data. The route of administration and dosing schedule should
be examined, wherever possible, using animal models that can be extrapolated to humans before initiation of
clinical studies. Unlike cytotoxic anti-cancer drugs, the mechanism of cancer immunotherapies is mediated by the
immune response, and thus it is often difficult to establish suitable animal models. Therefore, for cancer
immunotherapy, there is a limit in determining an initial dose in humans based on non-clinical data. With respect
to the onset of toxicity associated with the mechanism of action of the investigated drug, historical information
on similar agents administered to humans may be useful.

As some effector cell therapies and immune checkpoint inhibitors are likely to produce more dose-dependent
toxicity and efficacy compared to cancer vaccines, it is necessary to carefully determine an initial dose, dosing
schedule, and dose-escalation scheme. Especially, effector cell therapies may cause serious adverse events even
at the minimum dose level, and thus dosing should be carefully conducted while monitoring predictive markers
of safety such as cytokines and C-reactive protein (CRP). Therefore, it is also necessary to bear in mind that there
may be an association between tumor types/tumor burden and the incidence of adverse events. As for effector cell
therapy, it should be noted that infused cells would proliferate inside the body. Adverse events may persist or
recur due to the long-term persistence of infused cells. Development of technique(s) to control the cells post-
infusion can be one of the effective measures to address adverse events. Since immune checkpoint inhibitors are
likely to cause dose-dependent injury to normal tissues associated with autoimmune reactions, it is important to
bear in mind that unexpected adverse events may occur.

It is also required to conduct analysis and evaluation of pharmacokinetics of cancer therapeutics.

(2) Endpoints

In phase I clinical studies of cytotoxic anti-cancer agents, the incidence, type, and grade of toxicity are evaluated
as primary endpoints for assessment of safety and tolerability. The National Cancer Institute’s Common
Terminology Criteria for Adverse Events are used to evaluate the type and grade of toxicity. For safety, MTD is

found as the highest dose without unacceptable toxicity. This is because not only the toxic risk but also therapeutic
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benefits would increase with higher dose of cytotoxic anti-cancer agents despite their highly toxic nature; the
maximum effect will be achieved at an acceptable dose in terms of toxicity. In general, MTD is based on the dose
administered to patients enrolled in phase I studies and resulting dose limiting toxicity (DLT). DLT is defined as
toxicity unacceptable enough to prevent an increase in dose or undesirable toxicity. In phase I clinical studies of
cytotoxic anti-cancer agents, anti-tumor response and other parameters are also evaluated as secondary endpoints
for assessment of efficacy.

As with cytotoxic anti-cancer agents, toxicity and efficacy are also expected to increase with higher dose in some
effector cell therapies and immune checkpoint inhibitors. Thus, phase | studies of these treatments can be
conducted using the same study population and endpoints as those for cytotoxic anti-cancer agents in addition to
the assessment of immune responses. However, it should be noted that the onset of toxicity differs depending on
the tumor types and tumor burden.

Meanwhile, MTD may not be identified for cancer vaccination because DLT rarely occurs within the dose range
studied. Under such conditions, direct use of toxic reactions and other responses (such as antitumor responses,
immune responses, and injection site reactions) as endpoints should also be considered in finding the dose.
Advancing clinical development without triggering immune responses would lead to a fatal issue, particularly
because the mode of action responsible for efficacy is mediated by the immune responses to the administered
vaccine antigens. Therefore, it is necessary to consider toxicity and immune responses as endpoints (see I. [3]
Immune response).

Caution should be exercised when selecting the assessment period as some cancer immunotherapies may cause

late-onset toxicity or produce delayed responses.

(3) Study design

As with cytotoxic anti-cancer agents, a dose-finding design using toxic reactions as an indicator can be adopted
for some effector cell therapies and immune checkpoint inhibitors. So-called 3 + 3 design” is widely used, and
to resolve issues pertaining to this design, many other new approaches have already been developed as a dose-
finding design using toxic reactions as an indicator. For example, they include “continual reassessment method”
determining MTD based on a dose-toxicity model; “accelerated titration design,” where dose is escalated by
utilizing information on milder toxicity than DLT, with an option of intra-subject dose escalation, and MTD or
recommended dose is determined at the completion of the study based on a dose-cumulative toxicity model; and
“toxicity probability interval design” determining MTD based on toxicity probability distribution. Any of these
designs may be applied.

MTD was not identified in many cancer vaccine studies because of a low incidence of DLT occurring in the
studied dose range. When the dose to be evaluated may be lower than MTD, and the study is intended to determine
the recommended dose for subsequent studies, more precise information on toxic reactions and other responses
can be collected by increasing the size of a cohort in the above designs with toxic reactions as an indicator, e.g.,
use of “A + B design” that is a generalized version of 3 + 3 design or modified CRM using a large cohort size.
However, increasing a cohort size has drawbacks of requiring more patients for dose escalation and treating a
considerable number of patients at a low, potentially ineffective dose. It should also be noted that the targeted
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probability of toxicity is 20%-30% for 3 + 3 design, and it is not always true for A + B design because it differs
in cohort size from the former. When it is expected that the maximum efficacy can be achieved without
compromising safety at the dose determined based on a dose-finding design using toxic reactions as an indicator
or the maximum dose specified because of practical restrictions such as manufacturing issues or administration
site reaction (e.g., effector cell therapy and cancer vaccines using cells), expansion of cohorts with the dose level
will enable a collection of highly precise information on toxic reactions and other responses.

In addition to a method of determining a recommended dose based on toxic reactions, direct use of immune
responses and other responses (e.g., antitumor activity, administration site reactions, and restrictions) will be
considered in finding the dose. For instance, it may include a dose-finding design directly using immune responses
or anti-tumor activity as a dose-finding indicator; a design with both toxic and non-toxic reactions as an indicator;
and a study design seamlessly connecting a dose-finding (phase 1) part based on toxicity reactions to a randomized
(phase 1) part based on nontoxic reactions. Especially, for such a seamless design, a toxicity-based dose-finding
design is used for identifying well-tolerated dose levels and subsequently randomization of subjects to groups
composed of these dose levels (see IV. [2] Study design) or response-adaptive randomization, in which subjects
are assigned to receive an effective dose with a high probability, is performed to select a preferred dose in terms
of non-toxic responses. However, it is necessary to carefully review clinical significance, such as reliability and
validity of measurement and association with clinical outcome, particularly when using immune responses as
nontoxic reactions (see I. [3] Immune response).

Whether or not any of the above dose-finding designs is selected, proceeding further to subsequent phases
naturally depends on whether the dose with hopefully a certain acceptable and/or the maximum efficacy together
with acceptable toxicity can be identified.

In order to find a recommended dosing schedule for subsequent studies, a design intended to find a dosing
schedule along with dose may be used. On delayed toxicity and responses, a design will consider the time to
develop these events. The efficacy of therapies with strong anti-tumor activity may not be monotonically increased
as dose increases. In that case, determination of a minimum dose necessary to produce desirable effect is required,
and a study design, in which dose titration starts with an extremely low level, may also be used. It is also necessary

to consider tumor types and tumor burden when determining eligibility criteria and a study design.

IV. Phase Il Clinical Studies

The main objectives of phase Il clinical studies are to evaluate efficacy and optimize dosing regimens.

(1) Endpoints

In phase Il clinical studies of cytotoxic anti-cancer agents, tumor regression is often evaluated as a primary
efficacy endpoint. This is because it is considered appropriate to evaluate anti-tumor activity for screening
effective anti-cancer agents, although tumor regression is not used as a surrogate endpoint for prolonged survival
in phase 111 studies depending on the tumor type.

Using RECIST, tumor regression and delayed progression are mainly evaluated for anti-tumor activity in cancer

immunotherapy as well; however, the onset of effect may be delayed because of the mechanism of action specific
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to cancer immunotherapy. Considering an onset pattern of effect, immune-related response criteria (irRC) are
proposed as criteria for tumor regression, and it may be necessary to use irRC and other new criteria in some
cases. Despite the lack of tumor shrinkage, some cancer immunotherapies have the potential to slow progression
or improve survival; in such a case, PFS and/or OS will be evaluated as primary endpoints. There may be a study
in which patients with no evaluable tumor lesions who have received initial treatment may be mainly enrolled.
The extent of a delayed progression and prolonged survival will constitute important basic data for design of
confirmatory studies.

It is desirable to evaluate immune responses as data showing the biological activity of cancer immunotherapy.
Dosing regimens can be optimized on the basis of the expected immune responses. As POC for cancer
immunotherapy, it is important to determine whether immune responses associated with cancer immunotherapy
are induced as expected and then evaluate their association with anti-tumor activity and survival. Currently,
however, there is no established methods to test immune responses; attention should be paid to test result
interpretation since it is unclear as to what types of immune responses should be tested in some cases.

Phase Il studies also need to evaluate safety as a secondary endpoint to collect more information on the incidence

and grade of adverse events.

(2) Study design

When tumor regression is used as an endpoint in cancer immunotherapy, a single-arm phase Il study may be
planned as in cytotoxic anti-cancer agents. A single-arm study evaluates whether the proportion of responses
significantly exceeds the response threshold and commonly adopts a two-stage design, in which an interim
analysis of treatment failures and discontinuation is performed once. This design is not applied only to the
proportion of responses and can be used if binary endpoints, such as the presence or absence of immune responses,
are available. However, thresholds and expected values for sample size estimation should be determined based
on historical data according to immune responses to be evaluated and the tumor types.

Unlike cytotoxic anti-cancer agents, administration of cancer immunotherapy (e.g., cancer vaccines) may generate
a relatively smooth dose—toxicity curve and not always provide a monotonous dose—response curve. Specifically,
it may be unclear if the maximum effect would be achieved at MTD or the highest clinically acceptable dose. In
this case, the dose used in phase Il studies should be determined based on the phase Il study by referring to
biological activity data, such as immune responses. It may be necessary to optimize parameters other than doses,
such as dosing schedules and concurrent medications. The optimization of dosing regimens in a relatively small
study before initiation of phase 111 studies may enhance the probability of success of phase 11 studies.

A randomized phase Il study called selection design may be performed to select the best dosing regimen amongst
several treatment regimens. Taking a Simon’s randomized phase Il study as an example, subjects are generally
randomized to two to four treatment regimens and the regimen to provide the greatest tumor regression ( i.e., the
highest point estimates) is selected as a study treatment for phase 11 studies. A randomized phase Il study can be
planned, without using selection design, to evaluate dose-response which is a prevalent parameter for commonly
used agents other than anti-neoplastic agents, but the choice of a placebo group should be reviewed carefully.

A randomized controlled “phase 2.5 study design” is one of the phase Il study protocol designs. One example of
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this design is a randomized study that compares PFS with standard of care with the one-sided significance level
of 10%. Conventional randomized phase Il studies are intended to “select” a study treatment used for confirmatory
studies from regimen candidates, whereas the phase 2.5 studies are conducted to “make comparisons” with a
control group. The phase 2.5 studies are not confirmatory studies, enabling the use of endpoints based on anti-
tumor effect and a significance level larger than 5% commonly used for analysis. Randomized controlled studies
may provide information useful for planning confirmatory studies, including the extent of responses.

A single-arm phase 1l study, randomized phase 11 study, and phase 2.5 study do not have to be conducted in order.
An appropriate design should be selected according to the objective of the phase Il study, depending on the
situation.

Highly personalized effector cell therapies may make it difficult to incorporate placebo or blinding arm in some
cases. In such cases, a comparative study with an appropriate control group is also required for efficacy
evaluations. It may be necessary to make an appropriate comparison, particularly when an apparent tumor

regression is not frequently observed and endpoints, such as prolonged survival and QOL, are selected.
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Guidelines and Other Documents on Clinical Studies of Cancer Immunotherapy

(Notifications and guidelines published in Japan)

1.

10.

11.

Amendments to Guideline on the Clinical Evaluation of Antineoplastic Agents
(PFSB/ELD Notification No. 1101001 dated November 1, 2005)
Questions and Answers (Q&As) regarding the Guideline on the Clinical Evaluation of Antineoplastic
Agents
(Administrative Communication dated March 1, 2006)
GENERAL CONSIDERATIONS FOR CLINICAL TRIALS (ICH E8)
Statistical Principles for Clinical Trials
(PMSB/ELD Notification No. 1047 dated November 30, 1998)
Choice of Control Group and Related Issues in Clinical Trials
(PFSB/ELD Notification No. 136 dated February 27, 2001)
Guidance for Establishing Safety in First-in-Human Studies during Drug Development
(PFSB/ELD Notification No. 0402-1 dated April 22, 2012)
Technical Guidance on Companion Diagnostics and Relevant Drugs and Others
(PMDA Notification No. 1224029 dated December 24, 2013)
Handling of Clinical Study Data on Drugs Produced in Foreign Countries
(PMSB Notification No. 739 dated August 11, 1998)
Questions and Answers (Q&As) regarding the Guideline for Ethnic Factors in the Acceptability of Foreign
Clinical Data
(Administrative Communication dated February 25, 2004)
Questions and Answers (Q&As) regarding the Guideline for Ethnic Factors in the Acceptability of Foreign
Clinical Data (Part I) (Administrative Communication dated October 5, 2006)
Basic Principles on Global Clinical Trials
(PFSB/ELD Noatification No. 0928010 dated September 28, 2007)

(Guidelines and other documents published outside Japan)
United States

1.

Clinical Trial Endpoints for the Approval of Cancer Drugs and Biologics
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatorylnformation/Guidances/fUCMO07159
0.pdf

Guidance for Industry: Clinical Considerations for Therapeutic Cancer Vaccines 10/2011 (This
guidance finalizes the draft guidance of the same title dated September 2009.)
http://www.fda.gov/downloads/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Gui
dances/Vaccines/lUCM278673.pdf

Guidance for Industry: Considerations for Plasmid DNA Vaccines for Infectious Disease Indications
11/2007 (This guidance finalizes the draft guidance of the same title dated February 2005.)
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http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM071590.pdf
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM071590.pdf
http://www.fda.gov/downloads/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/Vaccines/UCM278673.pdf
http://www.fda.gov/downloads/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/Vaccines/UCM278673.pdf

http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/VVacc
ines/ucm074770.htm

4. Draft Guidance for Industry: Considerations for the Design of Early-Phase Clinical Trials of
Cellular and Gene Therapy Products 7/2013
(This guidance document is for comment purposes only.)
http://www.fda.gov/downloads/BiologicsBloodVaccines/GuidanceComplianceRegulatorylnformation/Gui
dances/CellularandGeneTherapy/UCM359073.pdf

5. Guidance for Industry: Gene Therapy Clinical Trials - Observing Subjects for Delayed Adverse
Events 11/2006
http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/Cell
ularandGeneTherapy/ucmQ72957.htm

6. Guidance for Industry: Supplemental Guidance on Testing for Replication Competent Retrovirus in
Retroviral Vector Based Gene Therapy Products and During Follow-up of Patients in Clinical Trials
Using Retroviral Vectors 11/2006
http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/Cell
ularandGeneTherapy/ucm072961.htm

7. Guidance for Industry: Guidance for Human Somatic Cell Therapy and Gene Therapy 3/1998
http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/Cell
ularandGeneTherapy/ucm072987.htm

8. Guidance for Industry: In Vitro Companion Diagnostic Devices 7/ 2014
http://www.fda.gov/downloads/Medical Devices/DeviceRegulationandGuidance/GuidanceDocuments/UC
M262327.pdf

9. FDA’s Laboratory Developed Tests Framework 7/2014
http://www.fda.gov/downloads/MedicalDevices/ProductsandMedicalProcedures/InVitroDiagnostics/UCM
407409.pdf

Europe

1. Human cell-based medicinal products
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2009/09/WC500003894.pd
f

2. Quality, preclinical and clinical aspects of gene transfer medicinal products
http://www.ema.europa.eu/ema/pages/includes/document/open_document.jsp?webContentld=\WWC5000039
87

3. Adjuvants in vaccines for human use
http://www.ema.europa.eu/ema/pages/includes/document/open_document.jsp?webContentld=\WWC5000038
09

4. Explanatory note on immunomodulators for the guideline on adjuvants in vaccines for human use

http://www.ema.europa.eu/ema/pages/includes/document/open_document.jsp?webContentld=\WC5000038
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http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/Vaccines/ucm074770.htm
http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/Vaccines/ucm074770.htm
http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/CellularandGeneTherapy/ucm072957.htm
http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/CellularandGeneTherapy/ucm072957.htm
http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/CellularandGeneTherapy/ucm072961.htm
http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/CellularandGeneTherapy/ucm072961.htm
http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/CellularandGeneTherapy/ucm072987.htm
http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/CellularandGeneTherapy/ucm072987.htm
http://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/UCM262327.pdf
http://www.fda.gov/downloads/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/UCM262327.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2009/09/WC500003894.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2009/09/WC500003894.pdf

10

5. Evaluation of anticancer medicinal products in man
http://www.ema.europa.eu/ema/pages/includes/document/open_document.jsp?webContentld=WC5001371
28

World Health Organization (WHO)
1. Vaccines, clinical evaluation: regulatory expectations
http://www.who.int/entity/biologicals/publications/trs/areas/vaccines/clinical_evaluation/

2. Guidelines on the nonclinical evaluation of vaccine adjuvants and adjuvanted vaccines

(Others)
1. Guidance on Peptide Vaccines for Cancer Treatment
(Japan Society for Biological Therapy. November 2011)
2.  Cell Culture Guidelines for Immune Cell Therapy
(Japan Research Association for Immunotherapeutics and five other organizations. November 2013)
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http://www.ema.europa.eu/ema/pages/includes/document/open_document.jsp?webContentId=WC500137128
http://www.ema.europa.eu/ema/pages/includes/document/open_document.jsp?webContentId=WC500137128
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(Phase I, dose-escalation study of anti-PD-1 antibody nivolumab in patients with melanoma, lung
cancer, or renal cancer. Grade 3 or 4 adverse events occurred in 14% of patients; there were three
deaths from pulmorary toxicity. No MTD was defined. Response rates were 18% among patients with
lung cancer, 28% among patients with melanoma, and 27% among patients with renal cancer. Different
clinical responses to nivolumab are associated with PD-L1 expression on tumor cells.)

Brahmer, J. R., Tykodi, S. S., Chow, L. Q. M., et al. Safety and activity of anti-PD-L1 antibody in
patients with advanced cancer. N. Eng. J. Med. 2012;366(26):2455-2465.

(Phase I, dose-escalation study of anti-PD-L1 antibody in patients with non-small-cell lung cancer,
melanoma, colorectal cancer, renal cancer, ovarian cancer, and others. Grade 3 or 4 drug-related
adverse events occurred in 9% of patients. Response rates were 17% among patients with melanoma,
11% among patients with lung cancer, 6% among patients with ovarian cancer, and 12% among

patients with renal cancer.)
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5. Wolchok, J. D., Kluger, H., Callahan, M. K., et al. Nivolumab plus ipilimumab in advanced melanoma.
N. Engl. J. Med. 2013;369(2):122-133.

(A total of 53 patients with advanced melanoma received concurrent therapy with anti-PD-1 antibody
nivolumab and anti-CTLA-4 antibody ipilimumab, and 40% of patients in the concurrent-regimen
group achieved response. Adverse drug reactions were acceptable even in the high-dose group. A
clinical response was observed in 53% of patients, all with tumor reduction of 80% or more.)

6. Brahmer, J. R., Drake, C. G., Wollner, 1., et al. Phase | study of single-agent anti-programmed death-1
(MDX-1106) in refractory solid tumors: safety, clinical activity, pharmacodynamics, and immunologic
correlates. J. Clin. Oncol. 2010;28(19):3167-3175.

(Phase | study of anti-PD-1 antibody nivolumab [dose increase from 0.3 to 10 mg/kg] in patients with
melanoma, colorectal cancer, prostate cancer, lung cancer, and renal cancer. A total of 39 patients were
enrolled, and 1 patient in the 1 mg/kg group had a serious adverse event, inflammatory colitis. One
patient with colorectal cancer had CR and 2 had PR, and 2 other patients had tumor regressions. The
half-life of anti-PD-1 antibody was 12—20 days. In 9 patients examined, PD-L1 expression on tumor
tissues appeared to correlate with the possibility of response to treatment.)

7. Hamid, O., Robert, C., Daud, A., et al. Safety and tumor responses with lambrolizumab (anti-PD-1) in
melanoma. N. Engl. J. Med. 2013;369(2):134-144.

(A total of 135 patients with advanced melanoma were treated with anti-PD-1 antibody lambrolizumab
and had a response of 38%. Patients in the cohort that received 10 mg every 2 weeks had a response of
52%. No serious adverse events were reported.)

8. Hodi, F. S., O’Day, S. J., McDermott, D. F., et al. Improved survival with ipilimumab in patients with
metastatic melanoma. N. Eng. J. Med. 2010;363(8):711-723.

(Phase Il randomized study of anti-CTLA-4 antibody ipilimumab alone, gp100 vaccine alone, and
ipilimumab plus gp100 vaccines in 676 patients with metastatic melanoma. The overall survival
significantly improved in the ipilimumab alone group compared with gp100 vaccine alone group; no
differences were found between the ipilimumab + gp100 vaccine group and ipilimumab alone group.
Grade 3 or 4 immune-related adverse events occurred in 10%-15% of ipilimumab-treated patients.)

9. Robert, C., Thomas, L., Bondarenko, 1., et al. Ipilimumab plus dacarbazine for previously untreated
metastatic melanoma. N. Eng. J. Med. 2011;364(26):2517-2526.

(Phase 111 randomized controlled study of anti-CTLA-4 antibody ipilimumab plus dacarbazine and
dacarbazine alone in 502 patients with metastatic melanoma. Ipilimumab in combination with
dacarbazine compared with dacarbazine alone significantly improved overall survival. Adverse drug
reactions specific to ipilimumab treatment were reported with a relatively high incidence of liver

dysfunction and a low incidence of gastrointestinal toxicity.)
Clinical evaluation

1.  Wolchok, J. D., Hoos, A., O'Day, S., et al. Guidelines for the evaluation of immune therapy activity in
solid tumors: immune-related response criteria. Clin. Cancer Res. 2009;15(23):7412-7420.
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(Patients who achieved tumor regression after early PD or appearance of new lesions in studies of anti-
CTLA-4 antibody in melanoma had a prognosis similar to survival rates of patients who experienced
tumor regression as evaluated by WHO criteria. The authors propose using a novel irRC, which can
better capture tumor progression and new lesions after treatment initiation.)

Small, E. J., Schellhammer, P. F., Higano, C. S., et al. Placebo-controlled phase 11 trial of immunologic
therapy with sipuleucel-T (APC8015) in patients with metastatic, asymptomatic hormone refractory
prostate cancer. J. Clin. Oncol. 2006;24(19):3089-3094.

(A randomized controlled study of dendritic cell vaccines in patients with prostate cancer indicated that
many patients developed early PD and that there was no significant difference in PFS. However, the
overall survival was better with vaccines, which may be because of an early onset of disease

progression.)

Safety and management of adverse drug reactions

1.

Maus, M. V., Grupp, S. A., Porter, D. L., and June, C. H. Antibody-modified T cells: CARs take the
front seat for hematologic malignancies. Blood. 2014;123(17):2625-2635.

(Summary of 10 clinical studies of CAR-T cell therapy for hematological neoplasms, discussing factors
associated with tumor responses and managing toxicities.)

Davila, M. L., Riviere, I., Wang, X., et al. Efficacy and toxicity management of 19-28z CAR T cell
therapy in B cell acute lymphoblastic leukemia. Sci. Transl. Med. 2014;6:224ra25.

(The authors report that the development and severity of a cytokine storm, limiting the efficacy of
CD19-targeted CAR therapy, can be predicted and its management will promote development of CAR
treatment approaches in other facilities.)

Weber, J. S., Kéhler, K. C., and Hauschild, A. Management of immune-related adverse events and kinetics
of response with ipilimumab. J. Clin. Oncol. 2012;30(21):2691-2697.

(Outline of adverse events associated with anti-CTLA-4 antibody-induced autoimmune reponses and

their management and association with clinical effect.)

Immune response

1.

Janetzki, S., Britten, C. M., Kalos, M., et al. "MIATA"-minimal information about T cell assays.
Immunity. 2009;31(4):527-528.

(Using models of human T cells, multicenter determination of cellular immune responses was
simultaneously performed by ELISPOT, MHC multimers, and intracellular cytokine staining. The
authors report that data obtained with these techniques greatly vary between institutions.)

Kitano, S., Postow, M. A., Ziegler, C. G., et al. Computational algorithm driven evaluation of
monocytic myeloid derived suppressor cell frequency for prediction of clinical outcomes. Cancer
Immunol. Res. 2014;2(8):812-821.

(During treatment with ipilimumab, monocyte-like MDSC frequencies in PBMC of untreated patients

are inversely correlated with prognosis.)
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Liakou, C. I., Kamat, A., Tang, D. N., Chen, H., Sun, J., Troncoso, P., Logothetis, C., and Sharma, P.
CTLA-4 blockade increases IFN gamma-producing CD4*1COS" cells to shift the ratio of effector to
regulatory T cells in cancer patients. Proc. Natl. Acad. Sci. U. S. A. 2008;105(39):14987-14992.
(Increase in IFNy-producing ICOS* CD4* T cells in both tumor tissues and peripheral blood leads to an
increased ratio of effector to regulatory T cells in patients with advanced prostate cancer receiving
ipilimumab.)

Davila, M. L., Riviere, I., Wang X, et al. Efficacy and toxicity management of 19-28z CAR T cell
therapy in B cell acute lymphoblastic leukemia. Sci. Transl. Med. 2014;6:224ra25.

(The authors report that the development and severity of a cytokine storm, limiting the efficacy of
CD19-targeted CAR therapy, can be predicted and its therapeutic management will promote
development of CAR treatment approaches in other facilities.)

Louis, C. U., Savoldo, B., Brenner, M. K., et al. Antitumor activity and long-term fate of chimeric
antigen receptor—positive T cells in patients with neuroblastoma. Blood. 2011;118(23):6050-6056.
(The authors report that the persistence of infused CAR-T cells is associated with a superior clinical
outcome.)

Zou, W. Regulatory T cells, tumour immunity and immunotherapy. Nat. Rev. Immunol. 2006;6(4):295-
307.

(Report of roles of regulatory T cells in antitumor immune responses.)

Solito, S., Marigo, 1., Bronte, V., et al. Myeloid-derived suppressor cell heterogeneity in human
cancers. Ann. N. Y. Acad. Sci. 2014;1319:47-65.

(Outline of different MDSC subsets in human tumors.)

Bindea, G., Mlecnik, B., Galon, J., et al. Spatiotemporal dynamics of intratumoral immune cells reveal
the immune landscape in human cancer. Immunity. 2013;39(4):782-795.

(The authors report that determination of cells, cytokines, and chemokines in the tumor
microenvironment is useful for predicting prognosis, tumor progression, and metastasis.)

Walter, S., Weinschenk, T., Stenzl, A., et al. Multipeptide immune response to cancer vaccine IMA901
after single-dose cyclophosphamide associates with longer patient survival. Nat. Med.
2012;18(8):1254-1261.

(The authors report that induction of immune responses to the administered vaccine antigens is

associated with a longer overall survival.)

Personalized cancer immunotherapy

1.

Tran, E., Turcotte, S., Gros, A., et al. Cancer immunotherapy based on mutation-specific CD4* T cells
in a patient with epithelial cancer. Science. 2014;344(6184):641-645.

(The authors report that the patient with metastatic bile duct cancer who underwent infusion therapy
with CD4* T cells recognizing individual cancer antigens experienced a significant regression of a

metastatic tumor.)
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Robbins, P. F., Lu, Y. C., EI-Gamil, M., et al. Mining exomic sequencing data to identify mutated
antigens recognized by adoptively transferred tumor-reactive T cells. Nat. Med. 2013;19(6):747-752.
(The authors report that whole-exome sequence data identified individual cancer antigens recognized
by TIL lines from patients with metastatic malignant melanoma in patients treated with TIL infusion
who experienced a significant tumor regression.)

Castle, J. C., Kreiter, S., Diekmann, J., et al. Exploiting the mutanome for tumor vaccination. Cancer
Res. 2012;72(5):1081-1091.

(Whole-exome sequencing revealed the immunogenicity of some individual cancer antigens in
melanoma cell lines in mice. The authors report that the immunization with T-cell epitope peptides
derived from these antigens enabled control of melanoma cell growth for prophylactic or therapeutic
purposes.)

Matsushita, H., Vesely, M. D., Koboldt, D. C., et al. Cancer exome analysis reveals a T-cell-dependent
mechanism of cancer immunoediting. Nature. 2012;482(7385):400-404.

(Whole-exome sequencing revealed the immunogenicity of some individual cancer antigens in
chemical carcinogen-induced fibrous sarcoma cell lines derived from gene knockout Rag2 mice. These
antigens were recognized by cytotoxic T-cell clones recognizing the same cell lines. Tumors with these
antigens were selectively eliminated by T-cell-mediated immunoselection.)

Britten, C. M., Singh-Jasuja, H., Flamion, B., et al. The regulatory landscape for actively personalized
cancer immunotherapies. Nat. Biotech. 2013;31(10):880-882.

(Development of a technique to analyze the genetic diversity and heterogeneity of cancer cells in
individual patients has enabled personalized medicine using analytical procedures for these individual
characteristics to be applied to immunotherapy characterized by cancer vaccines. Biomarker-based
stratification, immunotherapy with autologous cells, and molecular testing-based treatments, such as
personalized synthetic peptides, are proposed as personalized cancer immunotherapies.)

Yamada, A., Sasada, T., Noguchi, M., et al. Next-generation peptide vaccines for advanced cancer.
Cancer Sci. 2013;104(1):15-21.

(Papers about peptide vaccines published for the past 14 years were classified into five categories for

review. Among these categories, the authors reported personalized peptide vaccines.)

Biostatistics

1.

Simon, R. Clinical trial designs for therapeutic vaccine studies. In Handbook of Cancer Vaccines,
Human Press, 2004;519-525.

(A handbook of clinical study designs for therapeutic vaccines.)

Simon, R. Clinical trial designs for therapeutic cancer vaccines. In Tumor Immunology and Cancer
Vaccines, Kluwer Academic Publishers, 2005;339-350.

(A handbook of clinical study designs for therapeutic vaccines.)

Simon, R. M., Steinberg, S. M., Hamilton, M., et al. Clinical trial designs for the early clinical
development of therapeutic cancer vaccines. J. Clin. Oncol. 2001;19:1848-1854.
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10.

11.

12.

(A paper on clinical study designs for early clinical development of cancer vaccines.)

Berry, S. M., Carlin, B. P., Lee, J. J., and Muller, P. Phase | studies. In Bayesian Adaptive Methods for
Clinical Trials, CRC Press, 2011;87-135.

(A handbook on phase | clinical study designs.)

Yin, G. Phase I trial design. In Clinical Trial Design: Bayesian and Frequentist Adaptive Methods, John
Wiley & Sons, Inc., 2012;77-114.

(A handbook on phase I clinical study designs.)

Ji, Y. and Wang, S. J. Modified toxicity probability interval design: a safer and more reliable method
than the 3+3 design for practical phase I trials. J. Clin. Oncol. 2013;(14):1785-1791.

(A paper comparing modified toxicity probability interval design with the 3 + 3 design.)

Messer, K., Natarajan, L., Ball, E. D., et al. Toxicity-evaluation designs for phase I/1l cancer
immunotherapy trials. Stat. Med. 2010;29(7-8):712-720.

(A paper proposing use of toxicity-evaluation designs for phase I/l cancer immunotherapy studies.)
Hunsberger, S., Rubinstein, L. V., Dancey, J., and Korn, E. L. Dose escalation trial designs based on a
molecularly targeted endpoint. Stat. Med. 2005;24:2171-2181.

(A paper proposing use of dose escalation designs based on a molecularly targeted endpoint.)
Hoering, A., LeBlanc, M., and Crowley, J. Seamless phase I-11 trial design for assessing toxicity and
efficacy for targeted agents. Clin. Cancer Res. 2011;17:640-646.

(A paper proposing use of seamless phase I-11 study designs for assessment of toxicity and efficacy of
molecular target drugs.)

Yin, G., Zheng, S., and Xu, J. Two-stage dose finding for cytostatic agents in phase | oncology trials.
Stat. Med. 2012;32(4):644-660.

(A paper proposing use of two-stage dose-finding designs for molecular target drugs.)

Thall, P. F., Nguyen, H. Q., Braun, T. M., and Qazilbash, M. H. Using joint utilities of the times to
response and toxicity to adaptively optimize schedule-dose Regimes. Biometrics. 2013;69:673-682.
(A paper proposing use of phase I-11 study designs for dose and schedule assessment.)

Rubinstein, L., Crowley, J., Ivy, P., et al. Randomized phase Il designs. Clin. Cancer Res.
2009;15(6):1883-1890.

(Outline of randomized phase Il study designs.)
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