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Preface

The rapid flow of studies in the field of cancer immunology during the last
decade has increased our understanding of the interactions between the
immune system and cancerous cells. In particular, it is now well known that
such interactions result in the induction of epigenetic changes in cancerous
cells and the selection of less immunogenic clones as well as alterations in
immune responses. Understanding the cross-talk between nascent trans-
formed cells and cells of the immune system has led to the development of
combinatorial immunotherapeutic strategies to combat cancer.

The Cancer Immunology series, a three-volume book series, is intended as
an up-to-date, clinically relevant review of cancer immunology and immuno-
therapy. The first edition of the book was published 4 years ago, which was
very welcomed by readers and made us to work on the second edition of the
book in such a short period of time.

Volume 1, Cancer Immunology: A Translational Medicine Context, is
focused on the immunopathology of cancers. Volume II, Cancer Immunology:
Bench to Bedside Immunotherapy of Cancers, is a translation text explaining
novel approaches in the immunotherapy of cancers; and finally, volume III,
Cancer Immunology: Cancer Immunotherapy for Organ-Specific Tumors,
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thoroughly addresses the immunopathology and immunotherapy of organ-
specific cancers.

In volume II, clinical applications of cancer immunotherapy are fully
described. Notably, the principal focus is very much on putting the basic
knowledge gained on tumor immunology in volume I into clinical perspec-
tive, with the aim to educate clinicians on the most recent approaches used in
tumor immunotherapy. To meet this purpose, this volume was extended from
27 chapters in the first edition to 32 chapters in the second edition.

At the very beginning, an overview of frontiers in cancer immunotherapy
is given in Chap. 1; then novel strategies in cancer immunotherapy are dis-
cussed in Chap. 2. Thereafter, personalized prevention strategies to defeat
cancer, as well as tumor antigens valuable in the treatment and clinical evalu-
ation of tumors, and strategies to target tumor immunosuppression are out-
lined in Chaps. 3, 4, and 5, respectively.

Due to the importance of overcoming tumor immunosuppression and can-
cer tolerance when treating tumors, Chap. 6 aims to tackle these crucial and
challenging issues. From this point, more precise focus is given to introduc-
ing novel immunotherapeutic approaches by allocating Chaps. 7-9 to gene
therapy, virus-based vaccines, hematopoietic stem cell transplantation, and
lymphodepletion. Chapter 10 provides the reader with the most important
detail on the combination of chemotherapy and cytokine therapy in tumor
management. Thereafter, various aspects of the role of type I interferons and
T lymphocytes in cancer immunotherapy are explained in Chaps. 12—-14, with
special attention to their synthetic biology, clinical application, role in immu-
nosurveillance and immunotherapy, as well as optimizing chemokine recep-
tor-mediated homing of T cells in cancer immunotherapy.

A general discussion on the multitude of monoclonal antibodies used in
the clinical and preclinical setting is brought up in Chap. 15. Chapter 16 aims
to familiarize readers with the role of pattern recognition receptors and Toll-
like receptor pathway, while Chap. 17 discusses the role of NK cells in cancer
immunotherapy. Novel vaccines produced by dendritic cells for cancer ther-
apy are elucidated in Chap. 18. Thereafter, Chap. 19 explicates the role of
tumor-associated macrophages in tumor development, while exosomes are
the subject of discussion in Chap. 20.

The implication of photodynamic therapy and polarization of the tumor
milieu are brought up in the two following chapters, Chaps. 21 and 22, fol-
lowed by Chap. 23 which discusses targeting 5T4 oncofetal glycoprotein as
an immunotherapeutic approach. Aging and cancer prognosis is discussed in
Chap. 24. Novel biomarkers discovered during immune checkpoint inhibitor
therapy are described in Chap. 25, while cancer nanomedicine is explained in
Chap. 26. Oncolytic viruses as immunotherapeutical agents and immune tar-
geting of oncogenic HPV are the subjects that are discussed in Chaps. 27 and
28, respectively.

Chapters 29 and 30 are focused on radioimmunotherapy. Finally, after dis-
cussing difficulties of cancer immunotherapy in Chap. 31, the book ends by
pointing to the ethical considerations crucial during cancer immunotherapy
in Chap. 32.



Preface

The Cancer Immunology Series is the result of valuable contribution of
more than 300 scientists from more than 100 well-known universities/insti-
tutes worldwide. I would like to hereby acknowledge the expertise of all con-
tributors for generously devoting their time and considerable effort in
preparing their respective chapters. I would also like to express my gratitude
to Springer Nature publication for providing me the opportunity to publish
the book.

Finally, I hope that this translational book will be comprehensible, cogent,
and of special value for researchers and clinicians who wish to extend their
knowledge on cancer immunology.

Tehran, Iran Nima Rezaei, MD, PhD
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mDCs Myeloid-derived dendritic cells
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MFI Mean fluorescence intensity

MGMT Methylguanine methyltransferase
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MHC Major histocompatibility complex

MIACA Minimal information on reported results including
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MIAME Minimal information about microarray experiments

MIATA Minimal information about T-cell assays

MIBBI Minimal information on biological and biomedical
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MIC-A MHC class I chain-related A
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MIG Monokine induced by interferon-y

miRNAs MicroRNAs

MISC Motility-inducing signaling complex
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NF-xB
NHANES
NHE]
NHL

Ni

NiS

NK
NKG2D
NKT
NLPHL
NLRs

NMC
NOD
NP
NPC
NPY
NSCLC
Nt
NTKs
NUT
OARs
ocC
ODEs
ONB
OPN
OPRCC
PAC
PAGE
PAK
PAMPs
PARP
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Mammalian target of rapamycin

Microvascular density
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Nicotinamide adenine dinucleotide phosphate oxidases
Neuronal apoptosis inhibitory protein
Nomenclature Committee on Cell Death

Natural cytotoxicity receptor

noncoding RNAs

Neuroendocrine carcinoma

Nucleotide excision repair

Nuclear factor

Nuclear factor of activated T cells

Nuclear factor-kappa B

National Health and Nutrition Examination Survey
Nonhomologous end-joining

Non-Hodgkin lymphoma

Nickel

Nickel sulfide

Natural killer

Natural killer group two member D

Natural killer T

Nodular lymphocyte predominant Hodgkin lymphoma
The nucleotide-binding oligomerization domain-like
receptors

NUT midline carcinoma

Nucleotide-binding oligomerization domain
Normal prostate

Nasopharyngeal carcinoma

Neuropeptide Y

Non-small cell lung carcinoma

Nucleotides

Neurothekeoma

Nuclear protein in testis

Organs at risk

Oncocytoma

Ordinary differential equations

Olfactory neuroblastoma

Osteopontin

Oncocytic papillary RCC

Pulmonary adenocarcinoma

Polyacrylamide gel, and separated by electrophoresis
p21-activated kinase

Pathogen-associated molecular patterns

Poly ADP-ribose polymerase

Paired box
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PB Peripheral blood

PBMC Peripheral blood mononuclear cell

PBMCs Blood mononuclear cells

PC Prostate adenocarcinoma

PCD Programmed cell death

PCG Protein coding gene

PD Paget disease

PDAC Pancreatic ductal adenocarcinoma

pDCs Plasmacytoid dendritic cells

PDGF Platelet-derived growth factor

PD-L1 Programmed cell death-1 ligand

PE Phosphatidylethanolamine

PE Pleural effusion

PEMCs Pleural effusion mononuclear cells

PET Positron emission tomography

PFS Progression-free survival

PH Pleckstrin homology

PHA Phytohemagglutinin

PI3K Phosphatidylinositol 3-kinase

PIDs Primary immunodeficiencies

PIP3 Phosphatidylinositol-3,4,5-triphosphate

PKB Protein kinase B

PKC Protein kinase C

PLAD Pre-ligand binding assembly domain

PLGC Polymorphous low-grade adenocarcinoma

PIGF Placental growth factor

PMA Phorbol myristate acetate

PMNs Polymorphonuclear leukocytes

PMT Photomultiplier tube

PNET/ES Peripheral neuroectodermal tumor/extraskeletal Ewing
sarcoma

PNP Purine nucleoside phosphorylase

PR Progesterone receptor

PRC Polycomb Repressive Complex

PRCC Papillary RCC

pre-pDCs Precursor of pDCs

PROTOR Protein observed with Rictor

PRRs Pattern recognition receptors

PS Phosphatidylserine

PSSM Position-specific scoring matrix

Ptc Patched dependence receptor

PTCHI1 Patched receptor

PTM Posttranslational modification

PTPC Permeability transition pore complex

PVDF Polyvinylidene fluoride

PYGL Glycogen phosphorylase

QDs Quantum dots
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RAGE
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Rb
RCC
RFK
RFLPs
RHIM
RHOH
RIA
RICD
Rictor
RIG-1
RIP
RISC
RLHs
RMS
ROS
RS

SA
SAP
SBDS
SC
SCC
SCCHN
SCF
SCID
SCLCL
SCM
SCN
SCNP
SCs
SCT
SDC
SDS
SDS
SEC
SED
SFB
Shh
SHh
SHM
siRNA
SIRP-a
SLAM
SLE

Quality of life

Rheumatoid arthritis

Receptor for advanced glycation end products
Regulatory-associated protein of mTOR
Retinoblastoma protein

Renal cell carcinoma

Riboflavin kinase

Restriction fragment length polymorphisms
RIP homotypic interaction motif

Ras homolog family member H
Radioimmunoassay

Reactivation-induced cell death
Rapamycin-insensitive companion of mTOR
Retinoic acid-inducible gene I

Receptor interacting protein

RNA-induced silencing complex
RIG-I-like helicases

Rhabdomyosarcoma

Reactive oxygen species

Reference samples

Sebaceous adenoma

Signaling associated protein
Shwachman—Bodian—Diamond syndrome
Sebaceous carcinoma

Squamous cell carcinoma

Squamous cell carcinoma of the head and neck
Stem cell factor

Severe combined immune-deficient

Small cell lung cancer

Small cell melanoma

Severe congenital neutropenia

Single-cell network profiling

Stem cells

Sertoli cell tumor

Salivary duct carcinoma
Shwachman—Diamond syndrome

Sodium dodecyl sulfate

Small cell eccrine carcinoma

Subepithelial cell dome

Segmented filamentous bacteria

Sonic hedgehog

Sonic hedgehog homolog

Somatic hypermutation

Small interfering RNA

Signal-regulatory protein-o

Signaling lymphocytic activation molecule
Systemic lupus erythematosus
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SMC Skeletal muscle cells

SMM Stabilized matrix method

Smo Smoothened

SNEC Small cell neuroendocrine carcinoma

SNP Single nucleotide polymorphisms

SNUC Sinonasal undifferentiated carcinoma

SOBP Spreadout Bragg peak

SOCE Store-operated Ca’* entry

SOPs Standard operating procedures

SP Side population

SP-A Surfactant protein A

SPECT Single-photon emission computed tomography

SPIO Superparamagnetic iron oxide

SPN Solid pseudopapillary neoplasm

SS Sjogren syndrome

SS Spermatocytic seminoma

SSC Side-scattered light

SSCC Small cell squamous carcinoma

SSO Sequence-specific probes

SSP Sequence-specific primers

SSPCs Salivary gland stem/progenitor cells

STAT Signal transducer activator of transcription

STAT1 Signal transducer and activator of transcription-1

STIM Stromal interaction molecule

Svz Subventricular zone

SYN Synaptophysin

TID Type 1 diabetes

T2 Transitional 2 immature

TAA Tumor-associated antigens

TACI Transmembrane activator and calcium modulator and
cyclophilin ligand interactor

TADC Tumor-associated dendritic cells

TAM Tumor-associated macrophages

TAMC Tumor-associated myeloid cells

TAN Tumor-associated neutrophils

TAP Transporter associated with antigen processing

TApDCs Tumor-associated pDCs

TAPs Peptide transporters

TAS Trait-associated SNP

TAs Tumor antigens

TB Tuberculosis

TBI Total body irradiation

tBID Truncated BID

TC/HRBCL T-cell/histiocyte-rich B-cell lymphoma

TCF-4 T cell factor

TCL T-cell lymphoma

TCR T cell receptor
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Th

TIL
TIL-Bs
TLR
TLT
TME
TNC
TNF
TNF-R
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TNF-a
TNM
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TRAIL
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TSGs
TSH
TSLP
TTP
UlsnRNP
UADT
ucC
UCH
ULBPs
Unfrac
UNPC
uPA
UPP
UPS
USP
USPIO
uv
UVRAG
VEGF-A
VIM
VINIII
VNTR
VZ

Tumor-draining lymph node
Tie2-expressing monocytes

Transmission electron microscopy
Terminally differentiated effector memory
Transcription factor binding sites

T follicular helper

Thyroglobulin

Transforming growth factor 3

T helper

Tumor-infiltrating lymphocytes
Tumor-infiltrating B cells

Toll-like receptor

Tertiary lymphoid tissue

Tumor microenvironment

Tenascin C

Tumor necrosis factor

Tumor necrosis factor receptor

Tumor necrosis factor alpha

Tumor necrosis factor-a
Tumor-node-metastasis
TNF-receptor-associated death domain
Tumor necrosis factor-related apoptosis-inducing ligand
Regulatory T cells

Tuberous sclerosis complex

Tumor suppressor genes
Thyroid-stimulating hormone

Thymic stromal lymphopoietin

Time to progression

Ul small nuclear ribonucleoprotein
Upper aerodigestive tract

Urothelial carcinoma

Ubiquitin C-terminal hydrolases

Unique long 16 binding proteins
Unfractionated

Undifferentiated nasopharyngeal carcinoma
Urokinase plasminogen activator
Ubiquitin-proteasome pathway
Ubiquitin-proteasome system
Ubiquitin-specific proteases

Ultrasmall superparamagnetic iron oxide nanoparticles
Ultraviolet

Ultraviolet radiation resistance-associated gene
Vascular endothelial growth factor-A
Vimentin

Vulvar intraepithelial neoplasia grade III
Variable number tandem repeat

Varicella zoster
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X-IAP
XLA
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XLP
XLT
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Wiskott—Aldrich syndrome

WAS protein

Wiskott—Aldrich syndrome protein
Whole genome sequencing

Warts, hypogammaglobulinemia, infections, and
myelokathexis

Waldenstrom macroglobulinemia
Wild-type

X-linked inhibitor of apoptosis protein
X-linked agammaglobulinemia
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X-linked lymphoproliferative disease
X-linked thrombocytopenia
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1.1 Introduction

Our immune system is characterized by remark-
able specificity, potency, and memory—the abil-
ity of a single vaccine treatment to provide
lifelong protection. No pharmacologic treatment
for any indication can provide the same level of
safety, efficacy, and long-lasting effect that a vac-
cine can. Thus, researchers and clinicians alike
have sought to apply these characteristics to the
treatment of cancer [1]. Advances in cellular and
molecular immunology over the past three
decades have provided enormous insights into
the nature and consequences of interactions
between tumors and immune cells. This knowl-
edge continues to lead to strategies by which the
immune system might be harnessed for therapy
of established malignancies [2].

Cells of the innate immune system respond
to “danger” signals provided by growing tumors
as a consequence of the genotoxic stress of cell
transformation and disruption of the surround-
ing microenvironment. Under ideal conditions,
these signals induce inflammation, activate
innate effector cells with antitumor activity, and
stimulate professional antigen-presenting cells
(APCs), particularly dendritic cells (DCs), to
engulf tumor-derived antigens and migrate to
draining lymph nodes to trigger an adaptive
response by T- and B-lymphocytes. Despite this
well-orchestrated surveillance operation, the
presence of a tumor indicates that the develop-
ing cancer was able to avoid detection or to
escape or overwhelm the immune response.
Progressing tumors often exhibit strategies that
promote evasion from immune recognition [3].
This includes physical exclusion of immune
cells from tumor sites, poor immunogenicity
due to reduced expression of major histocom-
patibility complex (MHC) or co-stimulatory
proteins, and disruption of natural killer (NK)
and natural killer T (NKT)-cell recognition [4].
Additionally, some tumors prevent triggering of
an inflammatory response by secreting proteins,
such as interleukin (IL-10) or vascular endothe-
lial growth factor (VEGF), that interfere with
DC activation and differentiation [5] or by

blocking the production of pro-inflammatory
molecules by increasing expression of the
STAT?3 protein [6]. Even if a response is induced,
tumor cells may escape elimination by losing
targeted antigens, rendering tumor-reactive
T-cells anergic, inducing regulatory T-cells, or
specifically deleting responding T-cells [7, 8].
Thus, there is often a cat and mouse game with
the immune system exerting pressure to elimi-
nate the tumor and the tumor cells evading the
immune response; the eventual tumor that
develops reflects “immunoediting” with the
selection of poorly immunogenic and/or
immune-resistant malignant cells [9]. Despite
these obstacles, modern immune-based thera-
pies continue to show increased potential for
treating malignant diseases. Here, we will
review some of the most promising cancer
immunotherapeutic approaches in development
today, as recent clinical successes signal the
beginning of cancer immunotherapy’s transition
from experimental to established therapy.

Innate Cells as Initiators
of the Adaptive Immune
Response

1.2

One of the first strategies to enhance immune
response to cancer was the direct administration
of adjuvants into solid tumors to stimulate inflam-
mation and recruit immune effector cells. This
approach is still commonly used for treating
superficial bladder carcinomas and has been used
to treat melanoma and neurological tumors. It is
now known that many of these adjuvants contain
bacterial products, such as lipopolysaccharide
(LPS) or CpG-containing oligo-deoxynucleotides
recognized by toll-like receptors (TLRs) on
innate immune cells. This leads to the production
of pro-inflammatory cytokines and facilitates
productive interactions between the innate and
adaptive immune responses [10]. However, many
tumors render this strategy ineffective by produc-
ing proteins, such as transforming growth factor
beta (TGF-8), to prevent activation of the immune
response [11].
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1.3  Cellular Immunotherapy

T-cells express clonally distributed antigen recep-
tors that in the context of MHC proteins can rec-
ognize either unique tumor antigens evolving
from mutations or viral oncogenesis or self-
antigens derived from overexpression of proteins
or aberrant expression of antigens that are nor-
mally developmental or tissue-restricted. To
mediate antitumor activity, T-cells must first be
activated by bone marrow-derived APCs that
present tumor antigens and provide essential co-
stimulatory signals [12], migrate and gain access
to the tumor microenvironment, and overcome
obstacles to effective triggering posed by the
tumor. Activation results in the production of
cytokines, such as interferon (IFN) and tumor
necrosis factor (TNF), that can arrest prolifera-
tion of malignant cells and prevent the angiogen-
esis necessary for tumor growth and also lysis of
tumor cells mediated by perforin and/or Fas.
Consequently, efforts have focused on identify-
ing tumor antigens, providing the antigens in
immunogenic formats to induce responses,
manipulating T-cell responses to increase the
number of reactive cells, and augmenting effector
functions.

Active and Passive
Immunotherapy

14

A number of immunologic interventions, which
can be divided into both passive and active, can
be directed against tumor cells [13]. In passive
cellular immunotherapy, specific effector cells
are directly infused and are not induced or
expanded within the patient. Lymphokine-
activated killer (LAK) cells are produced from
the patient’s endogenous T-cells, which are
extracted and grown in a cell culture system by
exposing them to interlukin-2 (IL-2). The prolif-
erated LAK cells are then returned to the patient’s
bloodstream. Clinical trials of LAK cells in
humans are ongoing. Tumor-infiltrating lympho-
cytes (TILs) may have greater tumoricidal activ-
ity than LAK cells. These cells are grown in
culture in a manner similar to LAK cells.

However, the progenitor cells consist of T-cells
that are isolated from resected tumor tissue. This
process theoretically provides a line of T-cells
that has greater tumor specificity than those
obtained from the bloodstream. Moreover, con-
comitant use of interferon enhances the expres-
sion of major histocompatibility complex (MHC)
antigens and tumor-associated antigens (TAAs)
on tumor cells, thereby augmenting the killing of
tumor cells by the infused effector cells.

1.4.1 Active Inmunotherapy
Inducing cellular immunity (involving cytotoxic
T-cells) in a host that failed to spontaneously
develop an effective response generally involves
methods to enhance presentation of tumor anti-
gens to host effector cells. Cellular immunity
can be induced to specific, very well-defined
antigens. Several techniques can be used to stim-
ulate a host response; these may involve present-
ing peptides, DNA, or tumor cells (from the host
or another patient). T-cells as the ultimate effec-
tors of adaptive immune response are currently
used to treat patients affected by infectious dis-
eases and certain tumors. Recently, T-cells have
been manipulated ex vivo with viral vectors cod-
ing for chimeric antigen receptors, exogenous
T-cell receptors, or “suicide” genes to potentiate
their efficacy and minimize possible side effects.
However, the introduction of exogenous genes
into T lymphocytes, particularly bacterial or
viral transgene products, has occasionally pro-
duced immune-mediated elimination of trans-
duced lymphocytes. This immune effect has
recently been exploited in a trial of active immu-
notherapy in melanoma patients [14]. Peptides
and DNA are often presented using antigen-pre-
senting cells (dendritic cells). These dendritic
cells (DCs) can also be genetically modified to
secrete additional immune-response stimulants
(e.g., granulocyte-macrophage colony-stimulat-
ing factor (GM-CSF). These will be discussed in
more detail later.

Peptide-based vaccines use peptides from
defined TAAs. An increasing number of TAAs
have been identified as the target of T-cells in cancer
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Table 1.1 Monoclonal antibodies, cytokines, and short peptides used in cancer immunotherapy

Type Application

Alemtuzumab Chronic lymphocytic leukemia
Bevacizumab Anti-angiogenic therapy
Cetuximab Colorectal, head, and neck cancer
Gemtuzumab Acute myeloid leukemia
Ibritumomab Non-Hodgkin lymphoma
Nimotuzumab Squamous cell carcinoma, glioma
Panitumumab Colorectal cancer

Rituximab Non-Hodgkin lymphoma
Tositumomab Non-Hodgkin lymphoma
Trastuzumab Breast cancer

Cytokines

Interferon-gamma

Interlukin-2

Melanoma, renal and kidney cancer,
follicular lymphoma, hairy cell leukemia
Melanoma, renal and kidney carcinoma,

Target

CD52

Vascular endothelial growth factor (VEGF)
Epidermal growth factor receptor (EGFR)
Myeloid cell-surface antigen CD33 on
leukemia cells

CD20

EGEFR inhibitor

EFGR

CD20 on B-lymphocytes

CD20

HER2/neu receptor

IFN-stimulated gene factor 3 (ISGF3)

Suppressors of cytokine signaling (SOCS) 1,

hematological malignancies

Short peptides
MART-1, gp100,
tyrosine, MAGE-3
PAP/GM-CSF Prostate carcinoma
MAGE-3.A24 Bladder cancer
Follicular B-lymphoma Idiotype/KLH conjugate

Melanoma

patients and are being tested in clinical trials.
Recent data indicate that responses are most
potent if TAAs are delivered using dendritic cells.
These cells are obtained from the patient, loaded
with the desired TAA, and then reintroduced
intradermally; they stimulate endogenous T-cells
to respond to the TAA. Peptides can also be deliv-
ered by co-administration with immunogenic
adjuvants (see Table 1.1 for representative list of
monoclonal antibodies (mAbs), cytokines, and
short peptides used in cancer immunotherapy).
DNA vaccines use recombinant DNA that
encodes a specific (defined) antigenic protein.
The DNA is incorporated into viruses that are
injected directly into patients or, more often,
introduced into Dcs obtained from the patients,
which are then injected back into them. The DNA
expresses the target antigen, which triggers or
enhances patients’ immune response.
Autochthonous tumor cells (cells taken from
the host) have been reintroduced to the host after
use of ex vivo techniques (e.g., irradiation, neur-
aminidase treatment, hapten conjugation, hybrid-
ization with other cell lines) to reduce their

SOCS2, dual-specificity phosphatase (DUSP)
5, DUSP6

malignant potential and increase their antigenic
activity. Allogeneic tumor cells (cells taken from
other patients) have also been used in patients
with acute lymphocytic leukemia and acute
myeloblastic leukemia.

1.4.2 NonspecificImnmunotherapy

Interferons (IFN-a, IFN-f, IFN-y) are glycopro-
teins that have antitumor and antiviral activity.
Depending on dose, interferons may either
enhance or decrease cellular and humoral
immune functions. Interferons also inhibit divi-
sion and certain synthetic processes in a variety
of cells. Clinical trials have indicated that inter-
ferons have antitumor activity in various cancers,
including hairy cell leukemia, chronic myelo-
cytic leukemia, AIDS-associated Kaposi’s sar-
coma, non-Hodgkin lymphoma (NHL), multiple
myeloma, and ovarian carcinoma. However,
interferons may have significant adverse effects,
such as fever, malaise, leukopenia, alopecia, and
myalgias.
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Certain bacterial adjuvants (BCG and deriva-
tives, killed suspensions of Corynebacterium
parvum) have tumoricidal properties. They have
been used with or without added tumor antigen to
treat a variety of cancers, usually along with
intensive chemotherapy or radiation therapy. For
example, direct injection of BCG into cancerous
tissues has resulted in regression of melanoma
and prolongation of disease-free intervals in
superficial bladder carcinomas and may help pro-
long drug-induced remission in acute myeloblas-
tic leukemia, ovarian carcinoma, and NHL.

1.5  Stimulation of Responses

In Vivo

The poor immunogenicity of most tumor anti-
gens largely reflects the nonconductive context in
which these antigens are naturally presented, as
well as tolerance resulting from most tumor anti-
gens being normal proteins aberrantly expressed
by the tumor. Therapeutic vaccines have
attempted to circumvent these problems by pre-
senting tumor antigens in a more enticing fash-
ion, generally through activated DCs. This has
been achieved either by the following:

e Isolating DCs and introducing the antigen
ex vivo before returning the DCs to the host.

e Inoculating dead tumor cells modified to
secrete  factors such as granulocyte-
macrophage colony-stimulating factor (GM-
CSF) which promote local accumulation of
DCs.

e Injecting activators of DCs, such as TLR
ligands or mAb to CD40 with the antigen.

e Injecting recombinant vectors that provide
both the antigen and a stimulus to the innate
immune system [15].

The last category includes plasmid DNA con-
taining the antigen and immunostimulatory CpG
sequences as well as recombinant attenuated
pathogens, such as adenoviruses or Listeria
monocytogenes, that express the antigen and pro-
vide TLR ligands to trigger innate responses.
However, most vaccinated patients exhibit only

weak or undetectable T-cell responses to the
tumor antigen and experience no clinical benefit.
Therefore, methods to maintain APC activation
and sustain immunogenic antigen presentation
normally occurring during an encounter with a
replicating foreign pathogen will likely be
required before vaccines become more predict-
ably beneficial.

An alternative to improving antigen presenta-
tion has been to mitigate negative checkpoint sig-
nals that limit the T-cell response. Cytotoxic
T-lymphocyte antigen-4 (CTLA-4) is a potent-
negative  regulator of T-cell activation.
Administration of blocking antibodies to CTLA-4
has had marked effects in murine models and
recent clinical trials, with lymphocytic infiltra-
tion into tumors and significant antitumor
responses, including complete regressions of
advanced disease in a fraction of patients [16—
18]. However, global in vivo CTLA-4 blockade
predictably had effects beyond the antitumor
response, causing significant autoimmunity.
These studies again demonstrate the potent anti-
tumor activity of T-cells and suggest that learning
how to safely and effectively disrupt checkpoint
signals should yield substantial therapeutic
benefit.

1.6 Adoptive Inmunotherapy

There is now an emerging sense that cancer
immunotherapy has the potential to effectively
cure patients suffering from certain types of
cancer. This hope and some of the data that sup-
ports one kind of immunotherapy (adoptive cell
transfer or ACT) were recently summarized in a
review article (adoptive immunotherapy for
cancer: harnessing the T-cell response) [19].
Furthermore, high-dose chemoradiotherapy fol-
lowed by rescue from the resulting ablation of
normal bone marrow with an allogeneic hema-
topoietic stem cell transplant (HSCT) has also
become standard therapy for many hematologic
malignancies. One problem with this treatment
is graft-versus-host disease (GVHD), due to
allogeneic donor-derived T-cells injuring the
“foreign” normal tissues of the host. However,
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malignant cells that survive chemoradiotherapy
are also of host origin, and patients who develop
GVHD have lower relapse rates from an associ-
ated graft-versus-tumor (GVT) effect. T-cells
mediate this antitumor activity, as affirmed by
the complete responses sometimes observed in
patients who receive infusions of donor T-cells
to treat relapse after HSCT and in recipients of a
newly developed non-myeloablative allogeneic
HSCT regimen in whom, because of the absence
of high-dose chemoradiotherapy, all antitumor
effects must result from GVT effects [20].
However, the GVT activity with these regimens
is often associated with severe and life-
threatening GVHD. Ongoing efforts to define
antigenic targets with limited tissue distribution,
permitting donor lymphocytes to preferentially
target malignant cells and not critical normal
tissues, coupled with methods to generate and/
or select T-cells with such specificities, should
provide a much-needed refinement to this
approach [21].

An alternative to using allogeneic T-cells to
mediate antitumor responses has been to isolate
autologous tumor-reactive T-cells, expand the
cells in vitro, and then reinfuse the cells back into
the patient. This approach circumvents many of
the obstacles to generating an adequate response
in vivo, as the nature of the APCs and compo-
nents of the microenvironment can be more pre-
cisely controlled in vitro. However, this strategy
has required the recent development of methods
to extensively manipulate T-cells in vitro with
retention of specificity and function, such that
after infusion the cells will survive and migrate to
and eliminate tumor cells.

Initial therapies used tumor-infiltrating lym-
phocytes as an enriched source of tumor-reactive
cells, but such cells can also usually be obtained
from circulating blood lymphocytes. Although
optimal methods for stimulating and expanding
antigen-specific T-cells in vitro are still being
defined, in general, DCs presenting the antigen
are used to initially trigger reactive T-cells, which
can then be selected and stimulated with antibod-
ies to CD3. Supplemental cytokines are provided
during cell culture to support lymphocyte prolif-
eration, survival, and differentiation. With this

approach, it has been possible to expand tumor-
reactive T-cells to enormous numbers in vitro,
infuse billions of specific cells without overt tox-
icity to achieve in vivo frequencies beyond that
attainable with current vaccine regimens, and
mediate regression and occasionally complete
elimination of large disseminated tumor masses.
However, despite the high in vivo frequencies of
tumor-reactive effector cells achieved, only a
fraction of patients respond, indicating the exis-
tence of additional hurdles. One essential require-
ment is that infused cells must persist to mediate
an effective response. Analogous adoptive ther-
apy trials for cytomegalovirus and Epstein-Barr
virus infection in immunosuppressed hosts have
demonstrated increased in vivo proliferation and
persistence of CD8* effector T-cells in the pres-
ence of specific CD4* helper T-cells [22]. Such
CD4* T-cells likely provide many beneficial
functions, including cytokine production and
APC activation, which can improve the quality
and quantity of the CDS8* cell responses, as well
as direct effector activities against infected or
tumor targets. However, unlike viral responses
that induce robust CD4* and CD8" responses,
identifying and characterizing the specificity of
tumor-reactive CD4* T-cells has proven consider-
ably more difficult than with CD8 responses.
Additionally, obstacles to safely maintaining a
CD4* response reactive with a potentially normal
protein remain to be elucidated. Consequently,
CD#4 help is largely provided to transfer tumor-
reactive CDS cells in the form of surrogate exog-
enous cytokines. The largest experience is with
IL-2, which prolongs persistence and enhances
the antitumor activity of transferred CD8* cells
[23]. Alternative cytokines such as IL-15, IL-7,
and IL-21, as well as activation of APCs with
antibodies to CD40, are currently being evalu-
ated in preclinical studies.

The infusion of T-cell clones, rather than
polyclonal T-cell lines, represents an appealing
refinement of adoptive therapy, because the
specificity, avidity, and effector functions of
infused cells can be precisely defined (Fig. 1.1).
This facilitates subsequent analysis of require-
ments for efficacy, basis for toxicity, and rational
design of improved therapies. The transfer of
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Fig. 1.1 Tumors are often complex masses containing
diverse cell types. These masses can be surgically resected
and fragmented, and the cells can be placed in wells into
which a T-cell growth factor, such as interleukin-2 (IL-2),
is added. T-cell populations that have the desired T-cell
receptor (TCR) specificity can be selected and expanded
and then adoptively transferred into patients with cancer.
Prior to this adoptive transfer, hosts can be immunode-

antigen-specific CD8* T-cell clones has been
shown to be effective for prevention of viral
infections and treatment of malignant disease.
Such studies have also formally demonstrated
that low, nontoxic doses of IL-2 are sufficient to
promote the in vivo persistence and antitumor
activity of CD8* T-cells.
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pleted by either chemotherapy alone or chemotherapy in
combination with total-body irradiation. The combination
of a lymphodepleting preparative regimen, adoptive cell
transfer, and a T-cell growth factor (such as IL-2) can lead
to prolonged tumor eradication in patients with metastatic
melanoma. MDSC myeloid-derived suppressor cell, NK
natural killer, Treg regulatory T (Reprinted by permission
from Nature Publishing Group: Restifo et al. [19])

1.7  Cancer Vaccines

Therapeutic cancer vaccines target the cellular
arm of the immune system to initiate a cytotoxic
T-lymphocyte response against tumor-associated
antigens [24]. The development of human thera-
peutic cancer vaccines has come a long way since
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the discovery of MHC-restricted tumor antigens
in the 1980s. The simplest model of immune cell-
mediated antigen-specific tumor rejection con-
sists of three elements: appropriate antigen,
specific for the tumor, efficient antigen presenta-
tion, and the generation of potent effector cells.
Moreover, the critical time when immune
responses against the tumor are most important
should also be determined. While eliminating
some early transformed cells may be ongoing in
an asymptomatic way as part of the immunosur-
veillance, if early elimination failed, equilibrium
between small tumors and the immune system
may be established. If the immune system is
unable to maintain this equilibrium, tumors may
escape, and it is this last phase when they become
symptomatic. Therapeutic cancer vaccines are
applied in this last phase in order to reverse the
lack of tumor control by the immune system. In
addition to the increasing knowledge about how
to optimize the elements of antitumor immunity
in order to generate clinically relevant responses,
there is an ever-increasing list of immune evasion
mechanisms impeding the efforts of cancer vac-
cines. This indicates that the elements necessary
for immune-mediated tumor rejection need to be
optimized [25].

Potential tumor-associated antigens (TAAs)
can be identified by the elution of peptides from
MHC molecules on tumor cells [26] or with pro-
teomic approaches such as two-dimensional gel
electrophoresis, MALDI-MS, and SELDI-MS
(matrix-assisted or surface-enhanced laser-
desorption ionization mass spectrometry) [27].
Serological analysis of recombinant—cDNA
expression—libraries (SEREX) is another
widely used method; it utilizes sera of cancer
patients to detect overexpressed antigens from
tumor cDNA libraries [28]. Furthermore, several
RNA-based methods have also gained impor-
tance: transcriptome analysis that includes DNA
microarrays [29], serial analysis of gene expres-
sion (SAGE) [30], comparative genomic hybrid-
ization (CGH) [31], and massively parallel
signature sequencing (MPSS) [32]. These meth-
ods provide an enormous amount of information
and require complex computer-aided analysis
and interpretation of the data, referred to as gene

expression profiling. This is necessary in order
to find gene expression patterns and to distin-
guish them from noise [33].

Following promising in vitro immunogenicity
studies [34], multicenter vaccine trials have been
organized with the sponsorship of the Cancer
Vaccine Collaborative (NCI and Ludwig Institute
for Cancer Research). These trials have provided
some information about the optimum route of
administration, type of vaccine, type of adjuvant,
endpoints, etc. [35]. When testing the immunoge-
nicity of candidate antigens and defining epitopes,
it should be remembered that T-cells with high
avidity for self-antigen undergo negative selection
during T-cell development; thus, the new TAAs
may only generate T-cell responses of intermedi-
ate or low affinity. Furthermore, the wide range of
restriction elements in the human population
means that due to the combination of tolerance
and immunodominance, potentially ideal TAAs
will not be equally immunogenic in all patients.
Antigen loss may also occur during tumor pro-
gression, as TAAs, which are not necessary for
the maintenance of the transformed phenotype,
may be deleted and tumor cells in advanced dis-
ease may express antigens different from those in
early stages [36]. Another promising approach to
break this immune tolerance consists of the appli-
cation of anti-idiotypic (anti-Id) mAbs, so-called
Ab2, as antigen surrogates. This vaccination strat-
egy also allows immunization against non-protein
antigens (such as carbohydrates). In some clinical
studies, anti-Id cancer vaccines induced efficient
humoral and/or cellular immune responses asso-
ciated with clinical benefit (see review by Ladjemi
2012) [37].

1.7.1 Dendritic Cells

DCs are the main antigen-presenting cells in the
body [38], and their generation for antitumor
immunity has been the focus of a vast array of
scientific and clinical studies [39]. They are the
main antigen-presenting cells (APCs) in the
body. Immature DC (iDC) patrols the peripheral
tissues, sampling antigen from the environment.
Following their activation, DCs undergo a matu-



1 Frontiers in Cancer Immunotherapy

ration process that involves the upregulation of
T-cell co-stimulatory molecules (e.g., CD80,
CD86) and increased cytokine secretion, a tran-
sient increase in phagocytosis followed by
reduced antigen uptake, and expression of migra-
tory molecules such as CCR7. These changes
equip mature DC (mDC) to prime naive T-cells in
the lymph nodes, in contrast to iDC that induces
T-cell tolerance to antigen [40].

The ability of DCs to present protein tumor
antigens (T-Ags) to CD4* and CDS8* T-cells is
pivotal to the success of therapeutic cancer vac-
cines. DC’s specialized capacity to cross-pres-
ent exogenous Ags onto MHC class I molecules
for generating T-Ag-specific cytotoxic T lym-
phocytes (CTLs) has made these cells the focal
point of vaccine-based immunotherapy of can-
cer (Fig. 1.2).

Dendritic cells can be loaded exogenously
with TAA using whole cell populations or short
peptides corresponding to epitopes from specific
TAA. While the use of DC pulsed with short pep-
tides can yield information on immune activation
following therapy, they are not ideal therapeutic
agents for a number of reasons. The most obvious
reason is that the use of specific TAA depends on
the identification of relevant TAA and not all can-
cers have well-defined TAA. Moreover, TAA
expression within a tumor can be very heteroge-
neous [42]; thus, priming CTL specific for defined
TAA peptides may encourage the outgrowth of
non-expressing clones, leading to immune eva-
sion. Furthermore, both MHC-1 and MHC-II epi-
topes are required for efficient T-cell priming.
While a number of MHC-1-restricted peptides
have been identified, fewer MHC-II epitopes are
known. Synthetic long peptides, comprising both
MHC-I and MHC-II epitopes, which require pro-
cessing by DC before presentation, can overcome
some of the limitations of small peptides, as they
lead to extended epitope presentation.

An alternative to pulsing with peptide epit-
opes is to load DC with whole tumor cell prepa-
rations in the form of lysates or whole dead cells
or by fusing DC with tumor cells [43]. Both allo-
geneic and autologous tumor material have been
used to load DC with clinical trials carried out
using preparations using both types [44].

Genetic modification of DC, using recombi-
nant DNA viruses encoding TAA, has been dem-
onstrated by several groups and can enhance
T-cell priming potential via antigen presentation.
DCs transduced to express the model tumor anti-
gen f-galactosidase, using a recombinant adeno-
viral vector, were able to generate antigen-specific
CTL responses [45]. A phase I/II trial using
genetically modified DC showed that autologous
DC could be transduced with high efficiency
using a replication-defective adenovirus express-
ing full length melanoma-associated antigen rec-
ognized by T-cells (MART-1) and that the DC
processed and presented the antigen for at least
10 days. Evidence of MART-1-specific CD4* and
CDS8* responses was found in around 50% of
patients following vaccination [46].

In addition to loading DC with antigen,
genetic approaches have been used to further
optimize the maturation state of DC, for example,
DC transfected with GM-CSF demonstrated
increased antigen presentation and better migra-
tory capacity, which translated into enhanced
immune priming in vivo [47]. Other approaches
include genetically modifying DC using adenovi-
ral or retroviral vectors to directly express TH1
cytokine IL-12 [48], an adenovirus encoding
CD40L [49], and modifying DC to express co-
stimulatory molecules CD40L, CD70, and TLR4
called “TriMix” [50] and heat shock protein [51].
Furthermore, vaccines coupled to TLR ligands
lead to efficient CTI activation by endogenous
DC [52], and the use of oncolytic viruses also
looks particularly promising [53].

Despite the use of mature DCs in vaccination
trials, results from multiple clinical trials with
DC-based vaccines have been contradictory,
and only fractions of enrolled patients show
potent antitumor or antiviral immune responses
with moderate clinical response rates (approxi-
mately 10-15%) (see reviews [54, 55]). Several
studies suggested that this is because of ineffi-
cient activation of Thl-polarized responses due
to incomplete DC maturation. As a result, dif-
ferent strategies are currently being pursued in
order to improve the efficacy and outcome of
DC-based cancer vaccines. Considering the
aforementioned powerful immune-stimulatory
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Fig. 1.2 Antigens can
reach lymph nodes
through two pathways:
via lymphatics, where
the antigen is captured
by lymph node-resident
dendritic cells (DCs), or
via tissue-resident DCs.
These immature DCs
capture antigens, and
DC activation triggers
their migration toward
secondary lymphoid
organs and their
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[41])

properties possessed by IL-12p70, DC-based
vaccination strategies may consistently benefit
from incorporation or endogenous induction of
this cytokine. In a first phase I clinical trial by
the group of Czerniecki [56], 13 breast cancer
subjects were injected intranodally with short-
term DCs activated with a cytokine cocktail

Nature Reviews | Cancer

consisting of IFN-y and LPS in order to induce
IL-12p70-secreting DCs. The authors reported
induction of robust detectable immunity as evi-
denced by in vitro monitoring of circulating
vaccine-induced antigen-specific CD4* and
CD8* T-cells, as well as both T- and B-cell infil-
trates into tumor region and dramatic reductions
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in tumor volume. Moreover, it has been demon-
strated by others that DCs electroporated with
mRNA encoding CD40 ligand, CD70, and con-
stitutively active toll-like receptor 4, so-called
TriMix DCs, display increased potential for the
induction and amplification of tumor-specific
responses in patients with advanced melanoma
[57, 58].

One of the major obstacles against success-
ful DC vaccination is the immunosuppressive
mechanisms triggered by the tumor cells. Under
the influence of the tumorigenic microenviron-
ment, the host DCs may acquire a tolerogenic
phenotype. These tumor-conditioned DCs
could, in return, produce a variety of immuno-
suppressive molecules, thus further supporting
tumor immune escape [59]. With respect to
tackling different arms of the immune system,
many different approaches are currently being
pursued. In particular, considering the distinct
ability of different DC subsets in inducing both
innate and adaptive immunity, the exploitation
of specific subsets of DCs to elicit the desired
immune response is anticipated. Although
pDCs primarily contribute to innate antiviral
immune responses by producing IFN-a/f, this
ability has also been reported to activate other
DCs, including those involved in cross-priming
and consequently greater activation of adaptive
immune responses. In so doing, pDCs may play
a critical role in provoking cancer immunity.
Therefore, combination therapies aiming at
interaction of pDCs and c¢DCs to stimulate
T-cell priming and hence effective antitumor or
antiviral immunity are needed in cancer patients
and chronically infected patients.

1.7.2 Physical Barriers, Tumor
Stroma, and Vessels

The tumor environment represents another chal-
lenge for cancer vaccines. Established epithelial
tumors can be surrounded by basal membrane-
like structures, which prevent infiltration by
lymphocytes and the expansion of tumor-spe-
cific T-cells at the tumor site and in lymphoid
tissues [60]. Solid tumors larger than about

1-2 mm in diameter require the presence and
support of stromal cells for blood supply, growth
factors, and structural support. The stroma con-
sists of cancer-associated fibroblasts (CAF),
tumor endothelial cells (TEC), and tumor-asso-
ciated macrophages (TAM) and can represent
more than 50% of the tumor tissue depending on
the type tumor [61]. Stromal cells do not only
represent a physical barrier but also release solu-
ble mediators (TGF-B, IL-10, prostaglandin)
which inhibit immune responses and promote
angiogenesis and tumor progression [62, 63].
Conventional cancer treatments, such as de-
bulking surgery, chemotherapy, or radiotherapy,
not only destroy tumor cells but also destroy or
damage stromal cells that may contribute to
breaking immunological resistance and immu-
nosuppression [64]. The intricate interplay
between tumor and stroma attracts their simulta-
neous immune destruction: when highly
expressed TAAs on tumor cells are cross-
presented by stromal cells to T-cells, the stromal
component also becomes a target of cytotoxic
T-cell killing [65].

TGFp-1 regulates the production of cytokines
and growth factors by stromal and tumor cells,
such as fibroblast growth factor (FGF), connec-
tive tissue growth factor (CTGF), and vascular
endothelial growth factor (VEGF), which pro-
mote angiogenesis and tumor progression. The
new tumor vasculature is generally both structur-
ally and functionally abnormal, which makes
trafficking/recirculation of the tumor tissue by
lymphocytes and treatments including cancer
vaccines extremely difficult. Anti-angiogenic
treatments, including immunological targeting of
antigens overexpressed on endothelial cells dur-
ing angiogenesis or antibody blockade of VEGF-
receptors, “normalize” the tumor vasculature [66,
67]. This treatment also reverts epithelial tumors
to noninvasive type and may also aid the penetra-
tion of vaccines and other treatments in the tumor
tissue. Moreover, IL-12 inhibits angiogenesis via
an IFN-y-mediated pathway [68], while adop-
tively transferred tumor-specific CD8* T-cells
destroy the vasculature of established tumors via
an antigen-independent, IFN-y-dependent mech-
anism [69].
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Mechanisms of Tumor-
Induced Tolerance/Escape
from the Immune System

1.8

Despite the evidence that immune effectors play
a significant role in controlling role in tumor
growth under natural conditions or in response to
therapeutic manipulation, it is well known that
malignant cells can evade immunosurveillance
[70]. This is in part due to the fact that peptides
with sufficient immunogenic potential are not
presented by malignant cells to antigen-
presenting cells under molecular/cellular condi-
tions conducive to an effective immune response.
From a Darwinian perspective, the neoplastic tis-
sue can be envisaged as a microenvironment that
selects for better growth and resistance to the
immune attack. Cancer cells are genetically
unstable and can lose their antigens by mutation.
This instability, combined with an immunologi-
cal pressure, could allow for selective growth of
antigen-loss mutants [71]. Mechanistically, this
could operate at several levels including loss of
the whole protein or changes in immunodomi-
nant T-cell epitopes that alter T-cell recognition,
antigen processing, or binding to the
MHC. Antigen loss has been demonstrated in
patients with melanoma and B-cell lymphoprolif-
erative disease [72, 73]. Moreover, many cancer
vaccines aim to induce a therapeutic CD8* cyto-
toxic T-cell response against TAAs. This in turn
is dependent on correct processing and presenta-
tion of TAAs by MHC class I molecules on tumor
cells. This pathway is complex and involves mul-
tiple intracellular components. Defects in the
components of the MHC class I antigen process-
ing pathway are frequently found in human can-
cers and can occur in concert with the loss of
tumor antigens [74, 75].

Other cancer-related mechanisms underlying
tumor immune escape include loss of TAA
expression [3], lack of co-stimulatory molecules
expression [76], inactivating mutations of anti-
gen presentation-related molecules [77], and pro-
duction of soluble immunosuppressive factors,
e.g., transforming growth factor-beta (TGF-p),
IL-10, reactive oxygen species (ROS), and nitric
oxide (NO), produced by tumor cells.

Furthermore, tumor-infiltrating immune cells
such as suppressor immune cells, e.g., T regula-
tory (Treg) cells, macrophages, and myeloid-
derived suppressor cells (MDSC), also influence
this phenomenon and are now discussed in more
detail.

1.8.1 TregCells

Since their discovery in the 1960s as suppressive
T-cells, Tregs have been extensively studied in a
wide range of both physiological and pathologi-
cal conditions in human [78]. Treg suppresses
T-cell responses and provides another mecha-
nism compromising the development of effective
tumor immunity [79]. These cells are usually
CD4* and are distinguishable phenotypically by
expression of CD25 (the chain of the IL-2 recep-
tor required for high affinity binding), high levels
of CTLA-4, the glucocorticoid-induced TNF-
related receptor (GITR), and the forkhead tran-
scription factor Foxp3. Treg cells can arise in
response to persistent antigen stimulation in the
absence of inflammatory signals, particularly in
the presence of TGF-f, and have been detected in
increased frequency in some cancer patients.
Furthermore, tumor-induced expansion of regu-
latory T cells by conversion of CD4* CD25* lym-
phocytesisthymus- and proliferation-independent
[80]. Thus, depleting Treg cells in vivo may facil-
itate the elaboration of effective antitumor T-cell
responses.

Inhibiting Treg cell function in patients with
cancer is an essential step if new therapies, espe-
cially immunotherapies, are to be clinically suc-
cessful. Initial studies have indicated that
depleting Treg cells from cancer patients might
be a valid approach; more recent preliminary data
has raised the hypothesis that functionally inacti-
vating Treg cells might be a better alternative.
Studies in murine tumor models targeting all
CD25* T-cells for depletion have appeared prom-
ising [81]. However, activated effector CD8* and
CD4* T-cells also express CD25, and depletion of
these cells during the acute phase of the antitu-
mor T-cell response may severely limit the appli-
cation of this approach. The availability of the
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anti-CD25 mAD, PC61, has enabled the effects of
Treg-cell depletion to be tested in murine models
[82]. Despite some efficacy, intrinsic limitations
apply when PC61 is used to treat established
tumors as time course experiments have reported
that its efficacy is lost as tumors progress [83].
Other mAbs to human CD25 that are available
for clinical use, such as daclizumab, block IL-2,
and receptor interactions are used to treat hema-
tologic malignancies [84]. However, to date,
most studies in humans have used the immuno-
toxin denileukin difitox (Ontak), a fusion protein
between the IL-2 and diphtheria toxin, to selec-
tively kill lymphocytes expressing the IL-2
receptor. The in vivo antitumor efficacy is still
under preclinical and clinical investigation, and
discrepant results have been reported so far.
Another approach is to inhibit tumor-specific
Treg-cell expansion which could be achieved by
inhibiting the indoleamine 2, 3-dioxygenase
(IDO) pathway. Preclinical data confirm that the
administration of an IDO inhibitor significantly
decreases the rate of peripheral conversion and
dramatically impairs tumor growth [85]. Another
possible target is transformed growth factor
(TGF), involved in both proliferation and conver-
sion of Treg cells in tumor bearers. Genetically
engineered mice that express a dominant nega-
tive form of the TGF receptor on lymphocytes
show reduced, if not absent, growth of several
transplanted tumors [86]. Moreover, CTLA-4
blockade or GITR triggering has been shown to
reverse immune suppression as a result of Treg
function both in vitro and in vivo [87].
Ultimately, by inducing Treg expansion, the
tumor takes advantage of the inhibitory function
that these cells exert on all the immune compo-
nents. Avoiding the physical elimination of Treg
cells would be potentially useful as it would pre-
vent the induction of a new wave of peripherally
converted Treg cells that are endowed with a
wide TCR repertoire. Conversion would also
redirect potential effector T-cells toward the
Treg-cell phenotype. Alternatively, Treg-cell
inactivation is a suitable strategy, which would
functionally impair Treg-cell suppression with-
out changing the TCR repertoire of the expanded
Treg-cell population. Triggering of TLR8 or

0X40, and potentially blocking adenosine, might
improve the chances of neutralizing Treg-cell
immunosuppression in cancer immunotherapy.

1.8.2 Myeloid-Derived Suppressor
Cells

Myeloid-derived suppressor cells (MDSCs) are a
heterogeneous population of cells that expand
during cancer, inflammation, and infection and
have a remarkable ability to suppress T-cell
responses [88]. Although suppressive myeloid
cells were described more than 20 years ago in
patients with cancer [89], their functional impor-
tance in the immune system has only recently
been appreciated.

Accumulating evidence has now shown that
that this population of cells contributes to the
negative regulation of immune responses during
cancer and other diseases. Common features to
all MDSCs are their myeloid origin, their imma-
ture state, and a remarkable ability to suppress
T-cell responses. In addition to their suppressive
effects on adaptive immune responses, MDSCs
have also been reported to regulate innate immune
responses by modulating the cytokine production
of macrophages [90]. Studies have shown that the
expansion and activation of MDSCs are influ-
enced by several different factors, which can be
divided into two main groups. The first includes
factors that are produced primarily by tumor
cells, which promote the expansion of MDSCs
through the stimulation of myelopoiesis and
inhibit the differentiation of mature myeloid
cells. The second group of factors is produced
mainly by activated T-cells and tumor cells and is
involved in directly activating MDSCs. It has
also become clear that the suppressive activity of
MDSCs requires not only factors that promote
their expansion but also factors that induce acti-
vation. The expression of these factors, which are
produced mainly by activated T-cells and tumor
stromal cells, is induced by different bacterial
and viral products or as a result of tumor cell
death [91].

The immunosuppressive activities of MSDCs
require direct cell-cell contact, suggesting that
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they function either through cell-surface recep-
tors and/or through short-lived soluble media-
tor. Such mediators include arginase and nitric
oxide synthase (iNOS) [92], reactive oxygen
species (ROS) [93], and peroxynitrite [94].
Moreover, it has been reported that MDSCs pro-
mote de novo development of the FOXP3* Treg
cells in vivo [95]. As they are one of the main
immunosuppressive factors in cancer and other
pathological conditions, several different thera-
peutic strategies that target these cells are cur-
rently being explored. These include promoting
myeloid-cell proliferation [96], inhibition of
MDSC expansion [97], inhibition of MDSC
function [98], and elimination of MDSC [99].
Ultimately, the roles of specific MDSC subsets
in mediating T-cell suppression, and the molec-
ular mechanisms responsible for the inhibition
of myeloid differentiation, need to be eluci-
dated. The issue of whether T-cell suppression
occurs in an antigen-specific manner remains to
be clarified, as do the mechanisms that induce
MDSC migration to peripheral lymphoid
organs. Some of the main priorities in this field
should include a better characterization of
human MDSCs and a clear understanding of
whether targeting these cells in patients with
various pathological conditions will be of clini-
cal importance.

1.8.3 Macrophages

Macrophages undergo activation in response to
environmental signals, including microbial
products and cytokines [100]. In response to
some bacterial moieties, e.g., lipopolysaccha-
ride (LPS) and IFN-y, macrophages undergo
classic (M1) activation. Alternative (M2)-
activated macrophages come in different variet-
ies depending on the eliciting signals mediated
through receptors that include IL-4, IL-13,
immune complexes plus signals mediated
through receptors that involve downstream sig-
naling through MyD88, glucocorticoid hor-
mones, and IL-10. The various forms of M2

activation are oriented to the promotion of tissue
remodeling and angiogenesis, parasite encapsu-
lation, regulation of immune responses, as well
as promotion of tumor growth. Recent results
have highlighted the integration of M2-polarized
macrophages with immunostimulatory path-
ways. They have been shown to induce differen-
tiation of Treg cells [101], and conversely, Tregs
have been reported to induce alternative activa-
tion of human mononuclear phagocytes [102].
Cancer has thus served as a paradigm of in vivo
M2 polarization [103].

In spite of the many pro-tumor activities
described for TAM, some studies have reported
that high numbers of infiltrating TAM are asso-
ciated with pronounced tumor cell apoptosis
and improved disease-free survival [104].
Moreover, in experimental murine tumor mod-
els, the presence of macrophages has been
shown to be essential for spontaneous tumor
regression. The mechanisms behind the antitu-
mor effects of TAM have not been fully eluci-
dated and could potentially be ascribed to the
presence of significant numbers of classically
activated M1 macrophages. Macrophage-
mediated cytotoxicity involves diverse mecha-
nisms including reactive nitrogen intermediates
and members of the TNF receptor family. By
damaging vascular cells and activating coagula-
tion, M1 macrophages can elicit tissue- and
tumor-destructive reactions that manifest as
hemorrhagic necrosis. Recent evidence suggest-
ing that TAM infiltration is positively correlated
with response to anti-CD20 therapy in follicular
lymphoma is likely the clinical counterpart of
these properties [105]. Furthermore, it has been
reported that dying tumor cells were able to
cross-present antigen to DC in a toll-like recep-
tor (TLR4) and MyD88-dependent manner and
also trigger protective immune responses via the
“danger signal” HMGBI, again signaling via
TLR4 [106]. Thus, the challenge is to dissect
pro- and antitumor activities of cancer-related
inflammation and tipping the macrophage bal-
ance to “reeducate” TAM to exert protective
antitumor responses.
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Candidates
for Immunotherapy
in Oncology

1.9

Malignant melanoma, renal cancer, and prostate
cancer are potentially immunogenic, making
them good candidates for immunotherapeutic
approaches [107, 108]. Melanoma has been the
most popular target for T-cell-based immuno-
therapy in part as it is much easier to grow
tumor-reactive T-cells from melanoma patients
than any other type of human cancer [109].
However, many promising immune-based thera-
pies have been ineffective in human clinical tri-
als [110]. For example, although IL-2, licensed
for use in malignant melanoma in the USA, can
induce long-term regression of metastatic
tumors, it has been associated with high levels
of toxicity [111]. As yet, no approved therapy
for advanced melanoma has improved overall
survival to date. Other immunotherapies for
melanoma have not been used outside the set-
ting of clinical trials.

Immunotherapeutic  approaches currently
under investigation for renal cancer include vac-
cines, which have been used with limited suc-
cess. In a phase I trial, a granulocyte-macrophage
colony-stimulating factor (GMCSF)-secreting
vaccine administered to patients with metastatic
renal cancer induced significant tumor regression
in one patient. Additionally, infusion with lym-
phocytes that secrete antitumor cytokines, such
as tumor necrosis factor, has also been used in
clinical trials [112].

IL-2 is approved in the USA for the adjuvant
therapy of stage III renal cancer [113]. In some
cases, IL-2 has been demonstrated to induce
long-term regression of metastatic tumors and
durable complete responses of metastatic tumors,
probably by inducing T-cell activation.
Interferon-o has been used in clinical trials and
has demonstrated a response rate of 15-20% in
patients with metastatic disease. Combination
therapy with IL-2 has demonstrated improved
response rates versus IFN-a alone, although this
has not been shown consistently [63].

1.10 Combination
Immunotherapy

A deeper understanding of the mechanisms
underlying the generation of tumor immunity has
provided a framework for developing more
potent immunotherapies. A major insight is that
combinatorial approaches that address the multi-
plicity of defects in the host response are likely to
be required for clinical efficacy [114]. In addition
to surgery, nanotechnology [115] and molecular
imaging [116] are methods employed with can-
cer immunotherapy. The following summarizes
some of the combinations that have been tested in
laboratory and clinical settings.

1.10.1 Chemotherapy and mAb

Immunostimulatory mAbs directed to immune
receptors have emerged as a new and promising
strategy to fight cancer. In general, mAbs can be
designed to bind molecules on the surface of lym-
phocytes or antigen-presenting cells to provide
activating signals, e.g., CD28, CD137, CD40, and
0OX40 [117]. MAbs can also be used to block the
action of surface receptors that normally down-
regulate immune responses, cytotoxic
T-lymphocyte-associated antigen 4 (CTLA-4),
and PD-1/B7-HI. In combined regimes of immu-
notherapy, these mAbs are expected to improve
therapeutic immunizations against tumors as
observed in preclinical studies. Anti-4-1BB (ago-
nistic anti-CD137) mAb has been successfully
tested as an anticancer molecule in preclinical
studies [118]. Clinical trials of chemotherapy and
mAb have resulted in some efficacy against can-
cer in patients [119]. For example, tremelimumab
induced durable objective responses with low-
grade toxicities when used as second-line mono-
therapy in a phase I study with melanoma patients
treated with single, escalating doses [120].
Moreover, phase I studies of ipilimumab were
performed in patients with prostate, melanoma,
and ovarian cancer. In these studies, patients after
a single administration of ipilimumab achieved
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some clinical efficacy as demonstrated by incom-
plete reduction of tumor size with extensive tumor
necrosis with leukocyte infiltration. In phase II
studies, repeated administrations with ipilimumab
allowed more patients to achieve objective
responses [121]. The combination of ipilimumab
with chemotherapeutics (dacarbazine) [122] or
docetaxel [123] and with IL-2 [124] or melanoma-
associated peptide vaccines [125] improved the
rate of complete responses in patients compared
with the monotherapy arms.

1.10.2 Chemotherapy and Active
Specific Inmunotherapy

The combination of active immunization with
standard treatments is provocative because of the
immunosuppressive effects of most standard
treatments. Clinical trials utilizing both chemo-
therapy and vaccine therapy have been performed
in patients with different cancer types, including
glioblastoma multiforme (GBM) [126], colon
cancer [127], pancreatic cancer [128], prostate
cancer [129], and small-cell lung cancer [130].
For example, Wheeler et al. [126] investigated
the clinical responsiveness of GBM to chemo-
therapy after vaccination. Three groups of
patients were treated with chemotherapy alone,
vaccination alone, or chemotherapy after vacci-
nation. All patients subsequently underwent a
craniotomy and received radiation. The vaccina-
tion consisted of autologous dendritic cells
loaded with either peptides from cultured tumor
cells or autologous tumor lysate. Results demon-
strated a significantly longer postchemotherapy
survival in the vaccine/chemotherapy group
when compared with the vaccine and chemother-
apy groups in isolation. Overall, data suggests
that vaccination against cancer-specific antigens
can sensitize the tumor against subsequent che-
motherapeutic treatment. Although the mecha-
nisms that underlie such a synergistic effect have
not yet been elucidated, it is speculated that the
vaccination-induced increase in the frequency of
primed T-cells constitutes a major advantage by
the time the tumor microenvironment is modified
by cytotoxic drugs.

1.10.3 Chemotherapy and Adoptive
Lymphocyte Inmunotherapy

Lymphodepletion by chemotherapy followed by
the adoptive transfer of lymphocytes has been
evaluated in small-scale studies in melanoma
patients [131]. In a study by Dudley et al. [132],
35 patients were adoptively transferred with
autologous cytotoxic lymphocytes with the
administration of IL-2 1 day after cyclophospha-
mide and fludarabine administration. They
observed a complete response in only 3 patients,
partial response in 15 patients, and no response in
17 patients. Larger-scale studies are needed to
assess the efficacy of this treatment modality in
cancer patients.

1.10.4 Immunotherapy
with Radiation Therapy

Preclinical work in murine models suggests that
local radiotherapy plus intratumoral syngeneic
dendritic cell injection can mediate immunologic
tumor eradication. Radiotherapy affects the
immune response to cancer, besides the direct
impact on the tumor cells, and other ways to
coordinate immune modulation with radiother-
apy have been explored. In a recent review, the
potential for immune-mediated anticancer activ-
ity of radiation on tumors was reported [133].
This can be mediated by differential antigen
acquisition and presentation by DC, through
changes of lymphocytes’ activation and changes
of tumor susceptibility to immune clearance. The
review alluded to recent work that has imple-
mented the combination of external beam radia-
tion therapy (EBRT) with intratumoral injection
of DC. This included a pilot study of coordinated
intraprostatic, autologous DC injection together
with radiation therapy with five HLA-A2® sub-
jects with high-risk, localized prostate cancer; the
protocol used androgen suppression; EBRT (25
fractions, 45 Gy); DC injections after fractions 5,
15, and 25; and then interstitial radioactive
implant. Another was a phase II trial using neo-
adjuvant apoptosis-inducing EBRT plus intratu-
moral DC in soft tissue sarcoma to test if this
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would increase immune activity toward soft tis-
sue sarcoma-associated antigens. In future, radia-
tion therapy approaches designed to optimize
immune stimulation at the level of DC, lympho-
cytes, tumor, and stroma effects could be evalu-
ated specifically in clinical trials.

1.11 Humoral Immunotherapy
B-cell activation results in the production of anti-
bodies that can bind to immunogenic cell-surface
proteins on tumor cells. These initiate
complement-mediated cell lysis, bridge NK cells,
or macrophages to the tumor for antibody-
dependent T-cell-mediated cytotoxicity (ADCC).
They in turn interfere with tumor cell growth by
blocking survival or inducing apoptotic signals or
increase immunogenicity by facilitating the
uptake and presentation of tumor antigens by
APCs. Thus, enhancing B-cell responses in vivo
or providing a large amount of in vitro-generated
antibodies has the potential to promote antitumor
activity.

The widely used rituximab binds CD20 and, if
given alone or with chemotherapy, can induce
high rates of remission in patients with B-cell
lymphomas [134], as does cetuximab, which
completely inhibits the binding of epidermal
growth factor (EGF) [135]. Some mAbs can
mediate antitumor activity independent of effec-
tor cells, such as by blocking essential survival
signals or inducing apoptotic signals. For exam-
ple, two mAbs approved for clinical use, reactive
with the Her-2/Neu receptor on breast cancer cells
and the epidermal growth factor receptor on epi-
thelial tumors, provide therapeutic benefits in part
by blocking growth signals. The antitumor activ-
ity of mAbs can also be enhanced by attaching
radioisotopes or drugs or by engineering recombi-
nant bi-specific antibodies that simultaneously
bind tumor cells and activate receptors on immune
effector cells such as CD3 or FcR [136].

The efficacy of stimulating a patient’s own
tumor-reactive B-cells may be limited by the
magnitude of the antibody response that can be
achieved in vivo. Nevertheless, this approach
remains appealing because of demonstrations

with tumor cell expression libraries that sera
from a large fraction of patients already contain
tumor-reactive antibodies. The simplest means to
stimulate such B-cells in vivo is to provide tumor
antigens in immunogenic vaccine formulations,
such as mixed with adjuvants or conjugated to
antigens that can elicit helper T-cell responses.
Marked clinical results have been observed after
priming patients with autologous dendritic cells
(discussed previously). These cells were pulsed
with the unique idiotypic immunoglobulin
derived from the B-cell receptor of a patient’s
own B-cell lymphoma followed by boosting with
the immunoglobulin conjugated to the helper
protein keyhole limpet hemocyanin (KLH).

Alternative approaches for activating and
expanding existing B-cell responses in vivo by
ligation of co-stimulatory molecules, such as
CD40 or by administration of the B-cell prolif-
erative cytokine IL-4, have not met with much
success in preclinical models and could poten-
tially induce hazardous autoreactive antibodies.
Thus, humoral therapy will likely continue to be
dominated by passive administration of mAbs
specific for selected tumor antigens.

1.12 Concluding Remarks

Immunotherapy of cancer has long been consid-
ered an attractive therapeutic approach. While
mAbs, cytokines, and vaccines have individually
shown some promise, it is likely that the best
strategy to combat cancer is to attack on all
fronts. Different strategies demonstrate benefit in
different patient populations. To improve early
encouraging clinical results, biomarkers to better
select patients that may benefit from immuno-
therapy are actively sought. Furthermore, immu-
nosuppression associated with cancer has to be
overcome to allow better immunostimulation. It
may be that the best results are obtained with vac-
cines in combination with a variety of antigens or
vaccine and antibody combinations. Finally,
combination of immunotherapy with conven-
tional treatments (chemotherapy, anti-angiogenic,
etc.) should further improve this approach, both
in its effectiveness and in its clinical indications.
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2.1 Introduction ery of cell immunity (phagocytosis, I. Mechnikov)

and humoral immunity (antibody development,
The early internationally accepted ideas of basic ~P. Ehrlich). These major immune mechanisms
immune mechanisms date back to 1908 when the determine individual resistance to infections, and
two outstanding scientists—Russian physiologist the later studies led to a scientific discussion on
Ilya Mechnikov and German researcher Paul antitumor immunosurveillance and, more
Ehrlich—shared the Nobel Prize for the discov- recently, immunoediting. Different evidence may
prove active function of antitumor immunity:

I. Z. Shubina (<)) - I. O. Chikileva - M. V. Kiselevskiy
Laboratory of Cell Immunity, N.N. Blokhin Russian
Cancer Research Center, Moscow, Russia

e-mail: irinashubina@mail.ru

e Phenomenon of spontaneous regression of a
primary tumor or metastases.
¢ Although occasional, it is a registered fact.
1. V. Samoylenko & &

Department of Biotherapy of Tumors, N.N. Blokhin The regression of primary skin melanoma or
Russian Cancer Research Center, Moscow, Russia lung metastases from renal cell carcinoma

© Springer Nature Switzerland AG 2021 25
N. Rezaei (ed.), Cancer Immunology, https://doi.org/10.1007/978-3-030-50287-4_2

2


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-50287-4_2&domain=pdf
https://doi.org/10.1007/978-3-030-50287-4_2#DOI
mailto:irinashubina@mail.ru

26

I. Z. Shubina et al.

occurs in one third of the cases as partial spon-
taneous regression. Complete melanoma
regression was observed in 1-2% of tumors.
In case of palliative resection of kidney, spon-
taneous regression of some lung metastases
was also registered.

e Detection of the cellular stromal reaction to
tumor progression.

e Morphological studies reveal tumor infiltra-
tion by immune cells such as lymphocytes,
macrophages, granulocytes, MDSC, etc.

e AIDS-associated tumors.

*  Mechanism of tumor escape from the immune
attack is primarily based on the lack of spe-
cific antigens on tumor cell surface and loss or
downregulation of the expression of mole-
cules of major histocompatibility complex
(MHC), which are necessary factors for initia-
tion of adaptive immune response and genera-
tion of antigen-specific T-lymphocytes. These
findings can partly explain the poor results of
most clinical trials studying the effectiveness
of dendritic cell-based vaccines and some
other immunization types relying on specific
immunity.

Recent data have given more evidence in favor
of innate immunity being the main arm of immu-
nosurveillance in the fight against tumor develop-
ment. Moreover, natural killer cells (NKs) play a
crucial role as they can recognize and lyse trans-
formed cells in an MHC and antigen-independent
manner. In addition, an important part in imple-
mentation of antitumor defense is assigned to
other effectors of innate immunity such as natural
killer T cells (NKT). Along with the mentioned
functions, innate immunity effectors can have a
negative regulatory effect on antitumor immuno-
biological surveillance by secreting T-helper cell
type 2 (Th2) cytokines. Antitumor immunity has
been the subject of most thorough interest and
detailed investigation over the last decades.
Contemporary standpoints in understanding
mechanisms of innate and adaptive immunity are
the basis for development and improvement of
immunotherapy approaches. Even though numer-
ous research data on cell-based technologies
offer extensive information, no comprehensive

concept of the most effective implication of anti-
tumor immunotherapy is available so far. This
chapter presents an overview of the most exten-
sively studied approaches that make the ground
for an immunotherapeutic strategy at the next
step of the research ladder.

2.2  Natural Killer Cells: The Key

Effectors of Innate Immunity

Natural killer (NK) cells are effector cells that
play a critical role in the early innate immune
response to pathogens and cancer [1].

NK cells were identified in humans and mice
in 1975 as a result of their specific function of
lysing certain tumor cells with no prior stimula-
tion. NK cells were qualified as lymphocytes on
the basis of their morphology, expression of lym-
phocyte markers, and their origin from the com-
mon lymphoid progenitor cell in the bone
marrow. NKs, however, are regarded as part of
innate immune defense as they lack antigen-
specific cell surface receptors. Unlike T- or
B-lymphocytes of the adaptive or antigen-specific
immunity, NK cells do not rearrange T-cell recep-
tor or immunoglobulin genes from their germline
configuration. The NK morphologic type of large
granular lymphocytes shows (due to a large num-
ber of secreting granules) their high functional
activity, and they have characteristic immuno-
phenotype CD3-/CD16*/CD56*. NKs account
for 5-20% of total lymphocyte number in
humans. NK cells can detect and lyse cells with
deficient expression of MHC class I (MHC-I)
molecules, which help better understanding of
the function and role of NK cells in the immune
response. These cells also bear receptors to IL-2,
and evidently, they can be activated by this
endogenous cytokine or its exogenous analogues.
Being effectors of the innate immunity, NKs need
no cascade of antigen presentation reactions to
perform their function (Fig. 2.1). Along with neu-
trophils, NKs may be considered “the first line of
defense” of the immunosurveillance as they can
cause lysis of a transformed cell after contacting
it with no additional stimuli. However, NK cell
triggering function relies on a complex balance
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Fig. 2.1 Schematic
interaction of the
effectors of innate and
adaptive immunity.
Abbreviations: TC tumor
cell, DC dendritic cell,
Thl and Th2 T helper
cells of types 1 and 2,
NK natural killer cell,
CTL cytotoxic
T-lymphocyte

between inhibitory and activating signals and
requires not only a deficient MHC-I expression
on target cells but also the expression of induc-
ible ligands of activating NK cell receptors. Both
points are crucial for antitumor immunity perfor-
mance since transformed tumor cells may shed
off MHC molecules, lose tissue-specific antigens,
or acquire features of embryonic cells (low-
differentiated embryocarcinomas) and thereby
“escape” from specific immunity. Such particu-
larly malignant cells may become the target for
NKs. These effector cells have the ability to rec-
ognize and destroy a wide range of abnormal
cells (including tumor cells, virus-infected cells,
cells bound to an antibody, allogeneic cells), as
well as stressed cells, without damaging the
healthy and normal “self” cells. Tumors devel-
oped mechanisms to escape NK cell control such
as the shedding off soluble NKG2D ligands that
function as decoys for the activating NKG2D
receptor on NK cells, a phenomenon correlating
with poor prognosis in human melanoma and
prostate cancer [2].

NK cells can regulate immune responses by
activating DCs and promoting their differentia-
tion into mature, high IL-12-producing type 1
polarized DCs (DC1) with enhanced capacity to
induce Thl and CTL responses, the response
most desirable against cancer [3]. Conversely, the
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innate and effector functions of NK cells require
close interactions with activated DCs. Cell
membrane-associated molecules and soluble
mediators, including cytokines and prostaglan-
dins (PGs), contribute to the bidirectional cross
talk between DCs and NK cells [4, 5].

NK cells use an array of innate receptors to
sense their environment and respond to altera-
tions caused by infections, cellular stress, and
transformation. The activity of NK cells is con-
trolled by balancing inputs from activating and
inhibitory receptors. The most important ligands
for inhibitory receptors are MHC-I molecules.
Since normal cells express high levels of MHC-I,
they are most often protected from NK cell kill-
ing. In contrast, target cells expressing
downregulated levels of MHC-I are seen as
“missing self” and killed [6, 7].

Three predominant superfamilies of NK cell
receptors (NKRs) have been identified that can
either inhibit or activate NK cell function: killer
immunoglobulin (Ig)-like receptors (KIRs) that
bind to classical class I MHC molecules, C-type
lectin receptors that bind to nonclassical class 1
MHC molecules or “class I-like” molecules, and
natural cytotoxicity receptors for which ligands
are currently not well defined [8]. The different
NK cell subsets show important differences in
their cytotoxic potential, capacity for cytokine
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production, and responses to cytokine activation.
The CD56 NK cells are the major population
of NK cells that produce immunoregulatory
cytokines, including interferon-y (IFN-y), tumor
necrosis  factors (TNF-a and TNF-p),
granulocyte-macrophage colony-stimulating
factor (GM-CSF), and interleukins (IL-10 and
IL-13) after monokine stimulation. On the other
hand, immunoregulatory cytokine production by
CD56%™ NK cells is negligible even following
specific stimulation [9].

The above-described characteristics and func-
tions show that NKs are obviously a valuable
source for adoptive antitumor immunotherapy,
and they can not only recognize and lyse trans-
formed cells with no or low expression of MHC
and tumor-associated antigens but also play an
important role in regulation of immune reactions,
which makes a rationale for combination of anti-
tumor vaccines and NKs in immunotherapy
approaches.

2.3 Adoptive IL-2/LAK (or CIK)

Therapy of Cancer

IL-2 stimulation of lymphocytes results in gen-
eration of the so-called LAK cells. LAKs are a
heterogeneous population of lymphocytes that
include primarily NK, NKT, and T cells, which
are generated in vitro from peripheral blood
mononuclear cells (PBMC) in the presence of
IL-2. The major effector subset in the LAK popu-
lation is NK cells, which are mechanistically
regarded as peripheral blood NK cells but are
more cytotoxic against tumor cells, including
NK-resistant targets [10].

The first real clinical progress in immunother-
apy was seen after the introduction of recombi-
nant DNA technology used for production of
immune-stimulating cytokines. Since 1985, sev-
eral studies on combined IL-2 and LAK cell
treatment have been performed, and the results
were published [11-15].

Such clinical trials have shown that high-dose
IL-2 alone or in combination with LAK cells
mediates objective tumor regression in 17-28%
of patients with metastatic renal cancer or meta-

static melanoma, while prolonged remission was
observed even in some patients with metastatic
cancers [16]. Some authors have reported on clin-
ical trials of the systemic treatment with high-
dose IL-2 and tumor-infiltrating lymphocytes
(autologous lymphocytes can be isolated from
tumor-infiltrating cells, which presumably
express tumor-specific TCRs) of patients with
advanced cancer. Such treatment resulted in a
34% objective response rate of patients with met-
astatic melanoma [17]. Although there was con-
siderable clinical interest in LAKSs for antitumor
therapy by the end of the last century, LAK ther-
apy has failed to obtain public support as a stan-
dard therapy for cancer patients. This was largely
the result of limited response to immunotherapy
when compared with that to chemotherapy or
radiation therapy, and there were concerns about
toxicity associated with the IL-2 infused simulta-
neously in order to maintain LAK activation.
Another confounding factor was that most stud-
ies on immunotherapy used terminal-stage
patients with virtually no remaining immune
response functions, as they had failed to respond
to previous conventional treatments [18].

More recently, a new cell-based immunother-
apy utilizing activated lymphocytes has been sug-
gested as an adjuvant regimen to radical surgery
of cancer patients. Kimura and coauthors con-
ducted a randomized trial of 174 patients with
non-small-cell lung carcinoma comparing IL-2/
LAK therapy in combination with chemotherapy
versus chemotherapy alone [19]. Patients had
undergone curative resection of their lung carci-
noma and received six to eight courses of IL-2/
LAK therapy over 2 years. The authors reported
an improvement in the 5- and 9-year survival rates
of 21% and 28%, respectively. Other studies
involved cytokine-induced killers (CIKs) (induc-
ers: IFN-y, Ab-anti CD3 and IL-2) for adjuvant
treatment of solid tumors. CIK cells are a hetero-
geneous subset of ex vivo expanded T lympho-
cytes presenting a mixed T-NK phenotype and
have unrestricted MHC antitumor activity [20]. In
the setting of hepatocellular carcinoma and gas-
tric cancers, adjuvant infusions of autologous
CIK cells after surgical resection resulted in a sig-
nificant increase of disease-free survival [21-23].
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To improve IL-2/LAK immunotherapy effec-
tiveness, local and locoregional infusions were
performed, which increased the effective concen-
tration of activated killers at the site of the lesion.
The most significant clinical effects were
achieved with intra-cavity infusions of IL-2 and
LAKSs in patients with malignant effusions (pleu-
ritis, ascites, and pericarditis). Malignant effu-
sion regression was seen in 70-95% of cases,
showing good tolerance and effectiveness in
chemotherapy-resistant cancer types [24]. One of
the advantages of adjuvant locoregional immuno-
therapy is that these low IL-2 immune-stimulating
doses cause no marked side effects, neither
immune nor myelosuppression, which are char-
acteristic of high-dose cytokine therapy.

These LAK- and CIK-cell immunotherapy
methods aim to stimulate the innate chain of anti-
tumor immunity, which is a reasonable approach
because most tumors express either little or no
MHC or tumor antigens. It is also necessary to
consider the fact that T killers constitute an
essential part of lymphoid cell populations and
are responsible for a more specific mechanism of
action—in these conditions, they are obviously
not involved in the antitumor defense function.

2.4  Tumor-Infiltrating
Lymphocytes (TILs) in Cancer

Immunotherapy

The basic stage of antitumor immunotherapy is
the generation of lymphocytes that specifically
recognize tumor cells. T cells recognize short
peptides derived from proteins lysed in nucleated
cells and presented in the context of MHC mole-
cules on the cell surface. Adoptive cell transfer is
a treatment strategy that allows activation and
expansion of tumor-reactive T cells ex vivo for
subsequent reinfusion to the autologous host.
Hundreds of peptides restricted to presentation
on different subclasses of MHC molecules and
derived from tumors of different histological
types have been identified over the last decades
[25]. Tumor-associated antigens fall into several
major categories: (1) overexpressed normal pro-
teins (e.g., carcinoembryonic antigen (CEA) or

non-mutated p53); (2) non-mutated differentia-
tion antigens (e.g., MART-1, overexpressed in
melanoma and found in normal melanocytes);
and (3) cancer-testis antigens (CTA), consisting
of non-mutated genes expressed during fetal
development and then silent in normal adults.
The description of TILs derived from a variety of
histological cancer types demonstrated that cel-
lular immune reactions against established malig-
nancies exist in humans. TILs are heterogeneous
populations of mononuclear leukocytes, which
include not only CD4* and CD8* T lymphocytes
(as previously reported) but also a small and, in
some cases, significant fraction of y8 T cells,
with a prevalence of the V31 subset [26] as well
as macrophages. TILs that infiltrate melanoma
can specifically recognize tumor-associated anti-
gens [27] (e.g., MAGE and NY-ESO); (4)
mutated antigens, unique to a single tumor or
shared by a group of tumors (e.g., BRAF with the
V600E mutation in melanoma and other solid
tumors, or EGFRVIII in glioblastoma) [28].

Some authors presented early results in
patients with metastatic melanoma treated with
the adoptive transfer of autologous TILs selected
for antitumor activity—expanded in vitro and
then reinfused into patients along with IL-2,
following a lymphodepleting preparative regi-
men [29-32].

In clinical trials with increasing lymphodeple-
tion prior to infusion of autologous TILs, objec-
tive response rates between 49% and 72% were
seen for patients with metastatic melanoma [33].
Limitations of TIL therapy, including the require-
ment for surgery to isolate the tumor and the need
to consistently generate T cells with antitumor
activity, have led to novel strategies for redirect-
ing normal T cells to recognize tumor-associated
antigens (e.g., NY-ESO-1, CEA (carcinoembry-
onic antigen), anti-CD20) using genetically engi-
neered tumor antigen-specific TCRs or chimeric
antigen receptor genes. As an alternative to TIL
therapy, highly avid TCRs can be cloned from
naturally occurring T cells, and then gene trans-
fer vectors can be used to introduce these into the
patient’s lymphocytes. In this manner, large num-
bers of antigen-specific T cells can be rapidly
generated, in comparison with the long-term
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expansion required for TILs. These highly reac-
tive T-cell clones are able to recognize and effec-
tively lyse target tumor cells [34-36].

Recently, several clinical trials have reported
clinical efficacy and benefit of gene-modified T
cells for treatment of different cancers, including
melanoma, colorectal and synovial cell cancers,
neuroblastoma, and lymphoma. In patients with
synovial cell cancer, the measurable response
rate was 66%, compared to 45% in melanoma
patients [37-39]. However, though a number of
studies showed effective TIL therapy, the com-
plicated methodology of lymphocyte isolation
from tumors and generating a purified appropri-
ate TIL culture still remains a strong limitation.
This laborious method is mainly applied in mel-
anoma treatment because this tumor type pro-
vides a sufficient number of lymphocytes.
Besides, to achieve TIL’s effect, lymphodeple-
tion by means of chemotherapy or radiotherapy
is needed, which is considered to extend the
TIL’s active period. Therefore, TIL therapy has a
number of essential limitations resulting from
the necessity to obtain an appropriate tumor
sample and then isolate lymphocytes, as well as
the necessity of chemotherapy or radiation ther-
apy for lymphodepletion.

On the other hand, a promising area of TIL
implication is the treatment of malignant effu-
sions (pleuritis, ascites, and pericarditis). TILs
from such metastatic material are available in

large numbers and may be easily expanded
ex vivo in the presence of IL-2 or INFs.

We performed a clinical trial on evaluation of
the effectiveness of intrapleural IL-2/LAK immu-
notherapy in 85 patients (pts) with malignant
effusions—primary tumor types included lung
cancer, breast cancer, mesothelioma of pleura,
and other cancer localizations. Autologous LAKs
were generated from TILs—Ilymphocytes of the
patient’s pleural effusions. Prior to IL-2/LAK
therapy, most patients (56%) with malignant
effusions received radiation and chemotherapy
including intrapleural infusion of cytostatics,
which had no clinical effect.

Before the beginning of the immunotherapy,
500-2800 ml of serous or serous hemorrhagic
liquid was evacuated from pleural -cavity.
Cytological examination of pleural effusion was
performed in all cases.

In most cases, one-sided pleuritis developed
with equal frequency from the right or left side.
In 7.7% of cases, two-sided accumulation of
pleural effusion was registered; such patients had
drainage firstly in one pleural cavity, then if clini-
cal effect was achieved, the other one was
drained.

Intrapleural infusion of IL-2 and LAKs (gen-
erated from autologous TILs) achieved clinical
effect in 88% (75 pts). 60 pts. had complete
remission and 10 pts. experienced partial reduc-
tion of effusion (Fig. 2.2a, b). Recurrence of effu-

Fig. 2.2 CT of the chest during the course of IL-2/LAK
immunotherapy of malignant pleural effusion. Patient Sh.
Lung cancer (the right lung), right-sided pleuritis. (a)

Prior to IL-2/LAK intrapleural immunotherapy; (b)
2 months after the immunotherapy. Partial effect
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sion occurred in 10 (11.8%) patients
1.2-2.5 months after completed treatment.
However, one or two repeated courses of IL-2/
LAK therapy resulted in the regression of malig-
nant effusion. It is important to emphasize that
delay or cessation of effusion was achieved only
in those cases where pleural liquid contained
essential number of activated lymphoid cells
including immunoblasts.

Eight patients had repeatedly several immuno-
therapy courses due to encapsulated pleuritis.
The second course was performed after 1 month
interval, and IL-2 intrapleural infusion was
accurately administered into small (up to 150 ml)
residual cavities; clinical effect was registered in
all these cases.

Plasmic part of effusion after elimination of
tumor cells if necessary may be reinfused intra-
venously to maintain homeostasis of cancer
patients. Indications to such reinfusions are
determined by the severity of the patient’s perfor-
mance status, edemas due to lack of proteins, or
hypoalbuminemia. Reinfusion of plasmic effu-
sion part to ten patients was totally satisfactory,
and no side effect was noted. For reinfusion pur-
poses, plasmic part was additionally centrifuged
at 6000 rpm during 30 min in order to eliminate
cellular fractions, and after that it was carefully
examined in cytological, bacterial, and biochemi-
cal tests and then reinfused intravenously to the
patients.

In some cases along with immunologic
pleurodesis, there were registered decreased
indexes of tumor markers and reduced size and
density of metastatically modified supraclavicu-
lar lymph nodes. Elimination of effusion accu-
mulation opens a new opportunity to treatment
that was started before effusion onset: 1 patient
had a successful radiation therapy, and 15
patients underwent chemotherapy due to non-
small-cell lung cancer. Other patients had a
dynamic follow-up during 2 months to 2 years.
Course of disease within this period demon-
strated other symptoms of cancer process,
including disease progression but free from
malignant effusion.

Analysis of autologous LAK immunopheno-
type showed that after cultivation of lymphocytes

derived from effusion during 3-5 days in the
presence of IL-2, the number of CD4*/CD25*
cells may increase, which may occur due to lym-
phocyte transformation into activated cells trig-
gered by IL-2. Infusion of high doses of IL-2 can
also stimulate functions of natural subpopulation
of regulatory CD4'/CD25*Foxp3* T cells
(T-reg), which play their role in immunologic tol-
erance and suppress antitumor activity of NK and
T cells [40, 41].

Our data showed no increase of CD4*/CD25*/
Foxp3* T-reg in LAK population even during
long-term incubation of peripheral blood lym-
phocytes of healthy donors or cancer patients in
the presence of IL-2. If only generating LAKSs
from lymphocytes of the pleural effusion with
enhanced initial T-reg subset, the number of sup-
pressive T-reg subpopulation might increase [42].

2.5 Autologous Vaccines
on the Base of Dendritic

Cells (DC Vaccines)

Dendritic cells (DCs) are the antigen-presenting
cells (APC) with a unique ability to induce pri-
mary immune response. DCs both prime naive
cytotoxic T cells and activate memory cells play
an important role in adaptive immunity.

Mature DCs for antitumor vaccines are typi-
cally generated from CD14" monocytes accord-
ing to a well-known two-stage methodology. The
initial stage is cultivation for 6-7 days in the
presence of granulocyte-macrophage colony-
stimulating factor and IL-4 in macrophage-
conditioned medium [43].

The second stage — DC maturation — may
proceed in the presence of various factors, such
as bacteria (live or dead), bacterial products, lipo-
polysaccharide, viruses, two-strand RNA or its
analog poly-I:C, proinflammatory factors and
their combinations (IL-1f3, tumor necrosis
factor-a, IL-6, prostaglandin E2 [PGE,]), and
CD40 ligand (CD40L). During maturation, DCs
lose their ability for endocytosis and antigen pro-
cessing [43, 44]. Early studies on the use of DCs
involved only small groups of patients, but
reported potentially promising results [45, 46].
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To date, over 200 clinical trials have assessed
DC-based vaccines, yet their clinical effective-
ness and expedience for the use in cancer patients
become more and more doubtful. Rosenberg
et al. argued that early optimism for DC vaccines
relied rather on dubious surrogate end points,
which lacked robustness, than on evidence-based
proof of antitumor effects. One trial, conducted at
the Surgery Branch of the National Cancer
Institute on 440 patients, yielded an overall
objective response rate of only 2.6%. This was
comparable to the 4.0% response rate reported in
40 other smaller studies involving a total of 756
patients [47]. More recent studies showed partial
or complete regression rates of 4.0-12% in
patients with advanced cancer [48].

group. The metastasis and recurrence rates were
significantly decreased after TL-pulsed DC-CIK
cells or IFN-o¢ immunotherapy compared with
the control group [53]. Effectiveness of TL-DC-
CIK cell immunotherapy was shown in combina-
tion with chemotherapy in patients with breast
cancer, advanced non-small-cell lung cancer, and
multiple myeloma [54, 55]. There are ongoing
clinical studies on evaluation of the effectiveness
of TL-DC-CIK cell immunotherapy in patients
with hepatocellular and pancreatic carcinomas
[56, 57]. The authors consider combined DC-CIK
cell immunotherapy as a novel strategy for treat-
ment of cancer patients which improves effec-
tiveness of antitumor vaccines and activated
lymphocytes.

2.6 Advantages of Combined
Implication of DC Vaccines

and Activated Lymphocytes

Experimental studies in vitro showed that co-
incubation of DCs and activated lymphocytes
results in enhanced antigen-presenting function
of DCs and increased cytotoxic lymphocyte
activity [49, 50]. When DCs pulsed by tumor
lysate (TL) are cultured with activated lympho-
cytes, they can induce a specific and strong
immune response against renal carcinoma cells
(RCC) and prostate cancer cells [51]. On the
basis of their initial in vitro experiments, other
authors planned and conducted a randomized
controlled trial to evaluate the efficacy of adju-
vant immunotherapy with autologous TL-pulsed
DCs co-cultured with CIK cells for treating can-
cer patients. The described cell culture was used
for immunotherapy against localized and locally
advanced RCC. The authors mentioned that
nearly 20-40% of patients with clinically local-
ized RCC develop metastases after nephrectomy
or nephron-sparing surgery [52]; therefore, such
patients need effective adjuvant therapy. A recent
randomized controlled trial of adjuvant combined
immunotherapy by TL-DC-CIK cells showed
that all patients tolerated the TL-pulsed DC-CIK
cell immunotherapy very well, and side effects in
the DC-CIK group were less than in the IFN-«

2.7 Combination of Immune
Checkpoint Blockade
and Adoptive

Immunotherapy

The insufficient effectiveness of adoptive immu-
notherapy is often related to the weak antitumor
immune response or to the inhibition of the
immune reactions by the tumor.

Immune checkpoint blockade can probably
increase effectiveness of different immunotherapy
methods since blocking these inhibitory recep-
tors triggers excessive immune reaction.
Currently, a number of studies have been set off
to investigate this approach. So far, various
in vivo experiments and some pilot clinical stud-
ies have been performed that showed encourag-
ing results of treatment by a combination of mAb
to CTLA-4 and PD-1 with adoptive immunother-
apies on the base of DCs or ex vivo activated
lymphocytes.

As a rule, DCs stimulate antigen-specific T
lymphocytes by interaction of MHC molecules
with T-cell receptor (TCR). However, what is
most important in the induction of the immune
response is the co-stimulating signal that T cells
receive from B-7 surface DC molecules via co-
receptor CD28-stimulating molecule. At this
stage, negative regulation may involve inhib-
iting receptor CTLA-4, which interacts with B-7
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molecules with greater affinity than CD28 and
can either directly compete with CD28 or
decrease co-stimulating DC potential by trans-
endocytosis of B-7 molecules [58]. CTLA-4
blockade (by target mAb) disrupts this interac-
tion and disables the potential of inhibiting
immune reactions at this point. Besides that, DCs
have other lymphocyte-inhibiting receptor sur-
face ligands PD-L1 and PD-L2. Interaction of
PD-1 and its ligands can also decrease the
immune response [59]. Blocking antibodies
against PD-1 (nivolumab (Opdivo®), pembroli-
zumab (Keytruda®)) or against PD-L1 (atezoli-
zumab (Tecentriq®)) can play their role at this
stage. Moreover, PD-1 can regulate the immune
response during the ongoing process of immuno-
logic reaction in tissues with PD-L1.

It should be noted that other inhibiting recep-
tors (such as lymphocyte activation gene-3
(LAG-3) and T-cell immunoglobulin and mucin-
domain-containing-3 (TIM-3)) are less investi-
gated than PD-1 and CTLA-4 [60]. Blocking
antibodies to these receptors have not been
approved yet.

Interestingly, inhibiting receptors PD-1 and
CTLA-4 were found in NKs as well, where they
also function as immune inhibitors [61]. It is well
established that these effectors of innate immu-
nity can act as antitumor factors and play an
essential role in antitumor therapy on the base of
ex vivo activated lymphocytes. Therefore, PD-1
and PD-L1 and PD-L2 blocking antibodies are
potential therapeutic agents in such kind of
treatment.

Effective combination of antitumor DC-based
vaccine and immune checkpoint inhibitors was
achieved in preclinical studies on mice [62, 63].

Similar results were shown in some limited
clinical studies [64-66]. Blocking antibodies to
CTLA-4 MDX-010 (Ipilimumab) were added
along with IL-4 and GM-CSF into the cell culture
of PBMC (peripheral blood mononuclear cells)
of patients with acute myeloid leukemia (AML).
As a result, the generated DCs induced a much
stronger cytotoxic T-cell response to the malig-
nant AML cells than those generated in standard
conditions with no ipilimumab [64]. In relation to
these data, it is interesting to notice that CTLA-4

was detected on the DC surface and may reduce
DC antigen presentation [65]. Ribas et al. showed
in a clinical trial with 16 patients with advanced
melanoma a great effectiveness of combination
of anti-CTLA-4 antibodies (tremelimumab) and
DC pulsed by melanoma peptide MART-126-35
as compared with both monotherapies [66].
However, the authors registered significant side
effects of autoimmune origin (hypophysitis, diar-
rhea of grade 3) in 2 out of 3 patients who
received monthly tremelimumab simultaneously
with DC-vaccine in the highest dose of 10 pg/kg.

In a recent phase II clinical trial, Wilgenhof
et al. performed systemic administration of
Ipilimumab in combination with the antitumor
DC-vaccine loaded with synthetic RNA
TriMixDC-MEL by electroporation in patients
with advanced melanoma [67]. The study
achieved a long-term significant clinical effect
(objective response—38%). However, marked
unfavorable immune effects were noticed, such
as local redness at the site of DC injection
(100%), chills (38%), a flu-like condition (84%),
dermatitis (64%), hepatitis (13%), hypophysitis
(15%), and diarrhea/colitis (15%). Unfavorable
side effects of the immune origin of grade 3 and
4 were registered in 36% of patients.

Sioud et al. studied the effect of DC-vaccine in
a patient who had received pretreatment by
Ipilimumab [68]. The therapy achieved reduction
of metastases and improvement of patient’s gen-
eral status. Therefore, it may be stated that
administration of DCs pulsed with tumor antigen
and simultaneous CTLA-4 blockade stimulates
immune response to antigens that previously was
not activated.

Antonios et al. demonstrated that PD-1 block-
ade improves efficacy of DC-vaccine in mice
with glioma [69]. Moreover, they showed that
blocking PD-1 receptor ex vivo on human tumor
infiltrating lymphocytes dramatically increased
lysis of the autologous tumor.

Another study showed that autologous CIK
(cytokine-induced killer cells) activity against
AML cells increases when blocking inhibitor
receptors such as killer cell immunoglobulin-like
receptors (KIR), LAG-3, PD-1, and TIM-3, but
not CTLA-4 [70]. However, other diseases —
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acute lymphoblastic leukemia (ALL) and multi-
ple myeloma (MM) — were refractory to CIK
treatment, and immune checkpoint blockers
could not alter tumor cell resistance.

Combination of CIK and PD-1/PD-L1 block-
ers was found effective in the experimental
model of gastric cancer therapy in mice where it
demonstrated significant inhibition of tumor
growth and increase of experimental animals’
survival [71].

Immune checkpoint blockade may lead to
enhancement of TIL function, which can be
another approach in adoptive antitumor therapy
[72, 73].

2.8 CARTCells

CART cells are immunocytes that are genetically
modified and express surface chimeric antigen
receptors along with various costimulatory mol-
ecules. The chimeric antigen receptor T (CART)
cells target tumor antigens, and they are able to
maintain survival and proliferation of their cell
population via cytokine production. The unique
points of this technology include an HLA-
independent manner of cancer cell recognition,
specific antigen targeting, and single-course infu-
sion of CART cells. Such advantages make adop-
tive immunotherapy with CAR technologies a
highly perspective approach.

Kochenderfer et al. reported high efficacy of
CART therapy in treatment of CD19+ B-cell
acute lymphocytic leukemia. The study was per-
formed at National Cancer Institute and involved
anti-CD19 CAR T cells containing CD3z/CD28
signaling domains in combination with low
cyclophosphamide doses in patients with
relapsed/refractory B-cell lymphomas. The
results demonstrated an overall response rate of
73% and a CR rate of 55% [74]. Another multi-
center study included seven patients with refrac-
tory diffuse large B-cell lymphoma (DLBCL).
The patients received CD3z/CD28-based CAR
T-cell therapy during 30 days, which involved a
dose of 2 x 108 CAR T cells/kg in combination
with low-dose conditioning chemotherapy of
concurrent cyclophosphamide and fludarabine.

Five patients achieved an objective response
which lasted for 1 month, four of them had a
complete effect. However, all patients devel-
oped marked unfavorable events with a maxi-
mum grade of 3, 4, and 5 reported in three
(43%), three (43%), and one (14%) patient(s),
respectively. The most frequent of which was
neutropenia (febrile neutropenia) and encepha-
lopathy of grades 3-4, as well as cytokine
release syndrome with fever and hypotension
manifestation [75]. However, no similar effect
has been seen in solid tumors yet [76]. A few
clinical trials enrolling a limited number of sub-
jects demonstrated complete effect of 27% in
patients with neuroblastoma, partial effect, and
disease stabilization in patients with non-small
cell lung cancer and prostate cancer [77, 78]. It
is important that special attention is drawn to
study toxicity problems, such as cytokine
release syndrome, neurotoxicity, and non-tumor
cytotoxicity. The grade and number of these
unfavorable events of solid tumor treatment
might be reduced by optimal combination of
chemotherapy, surgery, radiation therapy, and
immunotherapy. Another approach to achieve
decrease of unfavorable events is local (intra-
cavity) infusion of therapeutic agent. Currently,
clinical trials are going on to study intrapleural
and intraperitoneal infusion of CAR T cells in
patients with mesothelioma and ovarian cancer
[79, 80]. Recently, some reports have suggested
a new method of generating CAR-transduced
NK cells. They have a number of advantages
compared with T cells such as an established
safety in clinical trials and a specific mechanism
of targeting cancer cells. Human NK cells and
NK-92 cell line were successfully transduced to
express chimeric antigen receptor against hema-
tological cancers as well as solid tumors. In
addition, NK cells express various activation
receptors (NKR), such as CD16, NKG2D,
CD226, and NKp30, which may specifically tar-
get ligands expressed on the tumor -cells.
However, it is necessary to note that NK trans-
duction reaches rather low effectiveness that
requires more developmental studies to improve
safety and therapeutic efficacy of CAR treat-
ment [81].
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Despite the theoretical rationale and experimen-
tal basis of antitumor cytotoxicity of induced
lymphocytes, adoptive immunotherapy with
lymphokine-activated lymphocytes, designed by
Rosenberg and coauthors at the beginning of the
1980s of the last century, seems not to achieve the
expected results. The initial enthusiasm about
immunotherapy of cancer patients gave place to
grave pessimism lasting for almost two decades,
while only some research groups continued the
search for effective use of activated lymphocytes.
It was during that period of ruined expectations
for clinical efficacy of LAK immunotherapy that
a fundamentally new principle of the use of acti-
vated effectors of antitumor immunity was
suggested.

Immunotherapy is not regarded as a method of
standard conservative antitumor treatment any-
more, when effective therapy uses maximal toler-
ated doses of drugs (cytokines in immunotherapy)
and includes patients with advanced cancer.
Finally, we reached understanding that special
functions of antitumor immunity effectors are
limited to certain conditions and it is important to
create an effective ratio of cell targets/effectors in
order to achieve good clinical results. Such effec-
tive cell ratio can be created by local and/or
locoregional infusion or in adjuvant treatment
after radical surgery with the aim to extend
relapse-free period. Besides, immunotherapy
now uses low immune stimulating cytokine
doses, which do not cause significant side effects.
Immunotherapy in this manner limits the area of
its implication but gives a real opportunity to
achieve essential clinical effect in target patients.

The next step for antitumor cell-based immu-
notherapy was made by designing antitumor DC
vaccines, which unlike LAK (or CIK) can stimu-
late adaptive (specific) immune response to target
antigens. However, extensive clinical trials per-
formed over the last years showed that the real
effectiveness of DC vaccines, if not counting on
surrogate criteria, seemed to be even lower than
that of LAK therapy. Even though at present the
search for approaches to improve DC-vaccine
effectiveness is still continuing, the probability of

reaching the expected results is doubtful because
malignantly transformed cells have no unique
specific antigens and may lose or have low
expression of MHC antigens. In addition, the het-
erogeneity of tumor cell population, where tumor
cells have different expression of target tumor-
associated antigens, should always be kept in
mind.

Combination of cell-based antitumor vaccines
and immune checkpoint blockers may be effi-
cient in achieving optimal results. An interesting
approach is presented by those studies which
employ inhibitors of immune checkpoints at the
stage of ex vivo generation of DCs or CIKs, but
not as systemic patient’s treatment. This method-
ology suggests much lower risk of autoimmune
reactions induced in response to immune check-
point blockade while it simultaneously enables
generation of highly activated effector cells.

Over the last years, CART technologies have
evoked much hope. This technology may help to
overcome one of the mechanisms of tumor eva-
sion from immune surveillance, namely, the one
that takes advantage of the lack or low expression
of MHC molecules. However, this method does
not resolve the major problem of the lack of
tumor specific antigens. That may explain why
CART cells show effective results in leukemia
only, where the target is a leukocyte differentia-
tion antigen, in particular, CD19. Besides,
marked side effects — such as pancytopenia —
obviously reflect the fact that CART cells pro-
duce a cytotoxic effect not only on the cells
expressing the target antigen but also on other
hematopoietic elements. Including CAR NK
cells in immunotherapy may increase the efficacy
only due to their function of transformed cell rec-
ognition in an MHC and antigen-independent
manner. Therefore, it is unlikely that CAR NK
can significantly surpass the effects shown before
by conventional adoptive immunotherapy on the
base of activated NKs (LAK and CIK technolo-
gies). So far, limited clinical experience of local
(intra-cavity) CART cell infusion also has not
shown any advantages over LAKs or TILs.
Hence, this sophisticated and expensive method
of antitumor therapy will hardly have a wide clin-
ical application in near future, and probably its
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effectiveness will be restricted to several leuke-
mia types resistant to conventional treatment. To
date, the efforts of making this method more
available employing allogenic CART technolo-
gies have not achieved a big success yet; clinical
trials have been halted by the FDA because of
significant toxicity [82].

Thus, at the new step of spiral development,
cell-based immunotherapy once again returns to
exploiting activated lymphocytes and NK, LAKs,
CIKs, and TILs, but novel strategy uses them in
adjuvant regiment or in local/locoregional treat-
ment with simultaneous low immune-stimulating
doses of cytokines. Since NKs and DCs have
reciprocal activating relations, a novel strategy for
improved immunotherapy suggests combined use
of activated lymphocytes and tumor antigen-
pulsed DCs. Such approach may not only increase
activity of effectors of antitumor immunity but
also stimulate both innate and adaptive immunity
and thus target a wider range of tumor cells regard-
less their expression of MHC or tumor-associated
antigens.

2.10 Concluding Remarks

Despite tremendous progress in basic immuno-
logical research, effective immunotherapies for
most cancer types have been hardly set into clini-
cal practice. However, the results of recent stud-
ies suggest that we are at the edge of a
breakthrough in cancer immunotherapy. The
most promising therapeutic approach for activat-
ing antitumor immunity in cancer patients may
be simultaneous stimulation of the innate and
adaptive antitumor immunity by the well-studied
techniques. A more rational approach is to create
an effective ratio of activated effector cells
against tumor cells in the patient’s body.
Therefore, immunotherapy that aims to prevent
relapses can achieve better effects in cancer
patients after radical treatment as well as locore-
gional immunotherapy with local infusion of
activated effector cells in the tumor site.
Optimized methods of cancer immunotherapy
based on tumor biology may be used for person-
alized treatment of cancer patients.
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3.1 Introduction

Personalized treatment is, surely, one of the most
urgent needs in the clinical strategies of preven-
tion and cure of tumors.

New possibilities have been opened by the lat-
estresults [1] of the research on the aging changes
specific for gender in the regulation of the redox-
immune system homeostasis.

It has been demonstrated that Trx1/CD30
redox immune system (Trx1/sCD30) is a double
target biomarker; it is both aging-related and spe-
cific for gender and can be used to establish the
very early risk for cancer development or its
progression.

Trx1/soluble CD30 (Trx1/sCD30) has been
proposed as a new double pharmacological target
for treatment to restore the redox-immune system
homeostasis during aging and the normal levels
of Trx1, RTrx1, sCD30, and cytokines T regula-
tory (Treg), T helperl, (Thl), Th9, and Th17.
These are functional biomarkers of extracellular
and intracellular pathways of Trx1/sCD30.
Furthermore, the polymorphisms of killer
immunoglobulin-like receptors (KIRs) and
receptors for the Fc domain of IgG (FcyR)
FcyRIla-131H/R and FcyRIIa-158V/F  have
been proposed as clinical stratification parame-
ters to personalize the prognostic biomarkers in
non/low/high disease risk indices.
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Fig. 3.1 Thioredoxin 1 (Trx1) system. Trx1 reduces pro-
tein disulfides using their two active site cysteines, and

upon reduction of target proteins, it is itself oxidized in its
active site. The oxidized Trx1 form is converted in the

3.2 TheThioredoxin1 System

The redox control of the cell physiology is one of
the most important regulatory mechanisms in all
the living organisms. The Trx1/RTrx1 system is a
relevant regulator of the redox-mediated cell
reactions of the whole organism.

Mammal cells contain two Trx systems. The
first being Trx1/RTrx1 is normally localized in
cytoplasm, but in stress conditions, it could
migrate in the nucleus (inducing the transcription
and transduction of target genes) or it could be
secrete in the extracellular environment [2] and
take part, in this way, to the network of the
immune system. The second one, Trx2/RTrx2,
localized in mitochondria and in the endoplas-
mathic reticulus, regulates the cell apoptosis [3].
In addition, literature reported other Trx systems:
the Testis/sperm-specific, localized on the sper-
matids (Sptrx-1, Sptrx-2, and Sptrx-3), and the
Trxl-2, located in the lungs and in other ciliate
tissues [4].

Trx1 is a thermostable protein (constituted of
108 amino acids) that is largely distributed in all
the living organism, from bacteria to mammals. It
contains an S-S bridge, it does not contain metal,
and it has a catalytic domain that is a donor of
hydrogen for redox reactions [5, 6] (Fig. 3.1).
The Trx1-reduced form is able to reduce protein
disulfides by using their two active cysteine site.

s SH
TARGET
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B SH
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reduced form by the Thioredoxinl reductase flavoprotein
(RTrx), with the involvement of NADPH. These mole-
cules constitute the thioredoxin redox-system1 (Trx1)
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Upon reduction of target proteins, it is itself oxi-
dized in its active site. The oxidized Trx1 form is
converted in the reduced form by the Thioredoxin1
reductase flavoprotein (RTrx), with the involve-
ment of NADPH. These molecules constitute the
thioredoxin 1 (Trx1) system. Trx1 is very impor-
tant for the defense of the state of health, also
protecting from the tumoral pathology. Trx1 reg-
ulates the enzymatic activity, for example, of the
“apoptosis signal-regulating kinase 17 [7], the
caspase-3 protease that promotes apoptosis [8],
and the “protein kinase C” [9]. It increases the
binding and activating function on DNA [10] of
different transcription factors as activator protein
1 (AP1) [11, 12], the “nuclear factor kB (NFkB)
[13], the “glucocorticoid receptor” [14], and p53
[6]. Human T cells, transformed by viruses, pro-
duce a factor that is identical to the human Trx1
and that was previously called actin-
depolymerizing factor (ADF) [15]. Trx1 is also
secreted by activated B lymphocytes, the B lym-
phocytes of the type B chronic leukemia, fibro-
blast, and T lymphocytes [16, 17]. Trxl is a
powerful growth and survival factor [9, 12]. Its
expression is increased in different types of
tumor, especially in the most aggressive ones [ 15,
16] such as in lung cancer. In fact, increased lev-
els of Trxl are associated with the decrease of
lung cancer patient survival. Trx1 increase has
been also correlated with the inhibition of the
immune system [18, 19]. Its increased expression
has been identified as an independent prognostic
factor of disease progression, and the expression
of vascular endothelial growth factor (VEGF)
and redox effector factor 1 (Ref-1) are correlated
to it [20]: these are important assumptions for
new therapies with monoclonal-specific antibod-
ies for these cellular receptors.

3.3 The CD30 System

At the beginning, CD30 receptor (CD30), a
member of the TNFR/NGFR family, has been
identified on primary cultural cells of Hodgkin
and Sternberg [21]. CD30 is also expressed on
lots of other T- and B-cell lines after viral trans-

formation; normally, peripheral blood mononu-
clear cells (PBMCs) express CD30 only after
activation [22].

The physiological function of CD30 has not
been yet clarified, but there are evidences that it
could behave as a signal transducing molecule.
The interaction between CD30 and its ligand
(CD30L) on activated T cells, monocytes, natural
killer (NK), neutrophils, eosinophils, and B cells
induces the rapid activation of genic transcription
factors, as JunN-kinase (JNKs) and nuclear fac-
tor NF-kB (NFkB) [23-25]. In addiction, CD30
signals induce and regulate the lymphocyte
expression of cytotoxic molecules, lymphonodal
traffic, proliferation, and apoptosis [22].

Advances in research have shown that CD30
is a molecule that mediates regulatory signals.
These results [24-28] clarified the significance of
its physiopathologic function. They showed that
the interaction between CD30 and its soluble
form (sCD30), released in the cell environment
when CD30 interacts with CD30L, controls the
physiologic homeostasis in the immune and in
the neurologic systems. This is because the
CD30/sCD30 interaction regulates the functions
of NK, monocytes, and mature (DC) and imma-
ture (IDC) dendritic cells in order to direct the
Th-cell differentiation in the respective subtypes
(Treg, Th1, Th9, Th17) [24-30].

NK cells provide the first-line defense against
viral infections and malignant cells. NK cells
perform this important role in the immune
response for their ability to kill tumor cells, for
cytokine production, and for the cross-talking
with the adaptive system. The cooperation with
the adaptive response is mediated by the interac-
tion between CD30 on the NK cells and CD30L
on the IDC cells. This binding induces the secre-
tion of cytokines by IDC via the mitogen-
activated protein kinase pathways and promotes
the differentiation of mature DC cells and the
release of TNFo/IFNy by NK cells.

At this point, it is important to highlight that
from the regular development of these interac-
tions depends the generation of DC- and
Th-specific cells, a normal immune response and
the protection of the health state [25].
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The Functional Link Between
Trx1 and CD30 Systems

34

Therefore, research clarified that the functional
link between Trx1 and CD30 is very important
for the physiologic homeostasis. Furthermore, it
underlines the big potentiality of these elements
as target and biomarkers in clinical treatments.

Trx1/CD30 is of key importance for Treg/Th1/
Th9/Th17 cell network balance and the immune
response homeostasis. In fact, the Trx1 redox
system maintains balance between reduced Trx1
and oxized Trx1 which regulate, respectively, the
activation/inactivation of the CD30 receptor with
CD30L, modifying the stoichiometric structure
of CD30 receptor (Figs. 3.2 and 3.3) [1, 31].
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Fig. 3.2 Functional link between Trx1 and CD30 systems.
Trx1 and CD30 systems regulate the Treg/Th1/Th9/Th17 net-
work homeostasis of the immune response. The Trx1 redox-
system! maintains balance between oxidant and antioxidant
Trx1, regulating the activation (1)/inactivation (2) balance of
the CD30 receptor (CD30) with its ligand (CD3OL<), The

Th1 cell

reduced Trx1 form (Trx1-SH) is able to interact with the oxi-
dized CD30 (CD30 S-S) and reduce it (CD30 S-H). CD30
receptor can only interact in this latter form with CD30L on
activated NK, DC, monocytes, and T cells (1). On the con-
trary, unbalance could be the cause of non-homeostasis of the
immune response and cancer development (2)
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Fig. 3.3 sCD30 and Trx1 both regulate CD30R func-
tional activation and Treg/Th1/Th9/Th17 network bal-
ance. sCD30 and Trx1 are both able to influence the CD30
capacity of mediating the activation of intracellular sig-
nals. sSCD30 makes this function by binding and blocking

the binding site of CD30L (*), with which it has a strong

Furthermore, research explained that sCD30,
in addition to Trx1, influences the CD30 capacity
of mediating the activation of intracellular sig-
nals by CD30L. sCD30 makes this function by
binding and blocking the binding site of CD30L,
with which it has a strong affinity [1, 28]
(Figs. 3.2 and 3.3).

The results have, also, underlined that during
the inflammatory response, CD30 is largely
expressed on the immune cells, and as a conse-
quence, there is an increase of sCD30 that is
released in the extracellular environment [28]
(Fig. 3.3). Furthermore, it has been shown that the
sCD30 level variations in the cellular or tumoral
microenvironment could be used as biomarkers of
the correct functioning of the immune system and
the therapeutic response [1, 24-28, 32]: the sCD30
level, within the normal physiological ranges, is a
positive index of the immune system homeostasis
and of the therapeutic benefit. On the contrary, a
significant increase of the sCD30 level is a nega-
tive index because it denotes an immunological
deficit and the lack of a therapeutic response. For
these reasons, both Trx1 and sCD30 have to be
considered as therapeutic target.

Therefore, changes of the Trx1 and sCD30
levels are functional extracellular biomarkers of
Trx1/CD30, while the Treg/Th1/Th9/Th17 cyto-

OO : .

Macrophage }

Th cell
s ]

Th17 cell

T cell

affinity. Trx1 makes this function catalytically, modifying
the stoichiometric structure of CD30. Abnormal increases
in the levels of both sCD30 and Trx1oxized form result in
non-activation of CD30 receptor. This causes Th9 and
Th17 cell expansion and Treg and Thl cell functional
deficit, which have been noted in cancer

kine levels are functional biomarkers of the intra-
cellular pathways [1, 33-35].

These results indicate, then, that Trx1/CD30
have great potentialities to be a new double phar-
macological target on which it is possible to
intervene to restore the balance and the normal
health state.

3.5 The Polymorphisms of KIRs,
FcyRlla-131H/R, and FcyRllla-
158V/F Could Be Clinical
Stratification Parameters

to Personalize

the Prognostic Trx1/CD30
Biomarkers of the Early Risk
in Tumor Disease or

Progression

These polymorphisms could influence the inter-
action between innate and adaptive immune
response. In fact, as we reported above, this
cooperation is mediated by the interaction
between CD30/CD30L/sCD30 on NK, mono-
cytes, DC, and IDC in order to direct the Th-cell
differentiation in the respective subtypes.

It was found that only those NK cell clones
expressing at least one inhibitory-specific KIR
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for self-HLA class I molecule were “licensed” or
functionally active. This mechanism shapes the
NK repertoire and prevents NK-mediated self-
damage. Thus, in tumors the downregulation of
HLA class I antigen expression makes tumor
cells susceptible to NK cell attack. However,
often, solid tumor cells even with partial or com-
plete loss of HLA class I expression are able to
spread.

The NK cell activity is regulated by a balance
of transduction signals performed by activating
and inhibiting receptors [36]. The independent
segregation of HLA and KIR genes, along with
KIR specificity for particular HLA allotypes,
makes it possible that any given individual may
express KIR molecules for which there is no
ligand. While gene polymorphisms encoding
inhibitory KIR2DL1, KIR2DL3, and KIR2DL4
are detected in almost all individuals, those codi-
fying for activating KIR, like KIR2DS2, are
found only in a part of population. Furthermore,
KIR polymorphism and its interaction with HLA
alleles may influence susceptibility to inflamma-
tory diseases, including systemic sclerosis and
vascular events in systemic lupus erythematosus
[37, 38], viral infections, malignancies, and preg-
nancy outcome [39].

Antibody-dependent cell-mediated cytotoxic-
ity (ADCC) is, additionally, an immune defense
system in mediating tumor cell killing. The
FcyRs seems the only molecule on human
myeloid cells capable of mediating ADCC of
tumors and may be important in antibody therapy
of cancer.

There are two types of FcyRs: activation
receptors (CD16A and CD32A) and inhibition
receptors (CD16B and CD32B) [40-42]. CD16A
and CD32A activate NK lymphocytes and
myeloid cells, connecting innate and the adaptive
immune responses.

CD16A is expressed in NK lymphocytes and
macrophages, while CD32A is widely expressed in
myeloid cells [43—45]. Genes encoding for these
receptors are located in the low-affinity “FCGR”
locus on chromosome 1q23 [46]. FcyRIlIla gene for
CD16A and FcyRlla gene for CD32A.

Some polymorphisms of FcyR have been
identified which could prove to have significant

clinical relevance [43]. Two functional polymor-
phisms of human FcyRIla and FcyRIIla have
been identified in the extracellular regions of
these receptors: valine/phenylanine-158 of
CD16A (FcyRIla-158V/F) and histidine/argi-
nine-131 of CD32A (FcyRIla-131H/R) which
modulate their affinity for certain human IgG
subclasses [47, 48]. Clinical studies reported that
the presence of FcyRIla-131H/H and FcyRIlIla-
158V/V genotypes is associated to a more effi-
cient ADCC antitumor response.

For these reasons, the polymorphism of KIRs,
FcyRIla-131H/R, and FcyRIITa-158 V/F has been
studied as stratification parameters for the loss of
the physiological homeostasis, disease risk, and
its progression.

3.6 TheTrx1/CD30 Double
Target Is a Real Weapon

to Defeat Cancer

The advances of the research have confirmed the
importance of the Trx1/CD30 as double target in
tumor defense. The results showed that Trx1/
CD30 control the redox immunological homeo-
stasis of the immune response both in men and
women, but through different redox-immune
pathways. In this control, the normal levels of
Trx1/RTrx1 and sCD30 are fundamental for the
preservation of IL10, TGFp, IL4, IL6, and IL2
pathway homeostasis of immune response in the
healthy subjects, also during aging. Studies in the
patient groups supported this scientific rational
by showing as the unbalance of the Trx1/RTrx1
and sCD30 levels generates cancer and makes it
progress, through different redox-immune path-
ways between men and women. Then, research
confirmed this role showing that the unbalance of
the Trx1/RTrx1 and sCD30 levels is a biomarker
of the loss of the IL10, TGFp, IL4, IL6, and 1L2
pathway homeostasis in the network of the
immune response and is a risk biomarker of can-
cer development and progression.

Data showed also that the above redox immune
unbalance is prognostic in both gender of the spe-
cific type of disease [49-59]. In men, the disease
is of degenerative-destroying kind because it is
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correlated to an increase of TGFf and IL4 cyto-
kine combination, which is a biomarker for a Th9
cell expansion [49, 50, 58, 59]. While in women,
the redox-immune unbalance produces autoim-
mune diseases since it is correlated to an increase
of the TGFP and IL6 cytokine combination,
which is a biomarker for a Th17 cell expansion
[60-62]. Therefore, these and previous results [1,
52-56] showed that the susceptibility and clinical
course in disease, dissimilar for genders, are
caused by a different Treg, Th17 and Th9 cell
polarization. This is due to the IL10, TGFp, IL4,
IL6, and IL2 cytokine pathway interactions,
which vary between men and women.

The results specify, in fact, that our body pro-
duces immunological responses through physio-
logical pathways different between men and
women. However, these differences related to sex
do not have consequences for the final result: the
responses are activated; they perform their func-
tion and return to the initial rest phase. All this
happens, normally, regardless of differences in
the path between the two sexes, until there are
pathological changes in these specific gender-
specific pathways. In fact, if alterations occur in
the pathways of IFNy and IL6 cytokines, the
effects for men and women, in terms of develop-
ment of the disease, are different. This happens
because in the physiological network the activity
of the immune response is the result of the inter-
actions of the activities of the entire cytokine net-
work which is present in the microenvironment.
As stated above, the cytokine pathways of IFNy
and IL6 are the main regulators of the network of
the immune response of men and women, respec-
tively. Consequently, the male gender will suffer
the consequences that follow a lack of network
regulation by IFNy pathways; instead, the female
sex will suffer from a lack of network regulation
by the IL6 pathways.

Furthermore, it was also clarified that in these
events a determining role is to be attributed to the
ability of environment cytokines to activate the
genic transcription factors for the differentiation
of the specific Th subsets. Thl requires the
expression of Tbet transcription factor, whereas
Th2 cells are controlled by expression of GATA-3
[63-65]. Treg cells differ through Forkhead

boxP3 (Foxp3) transcription factor [66, 67];
instead, Th17 cells need retinoic acid-related
orphan receptor gt (RORgt) [68-70], and Th9
cells need the PU.1 bet transcription factor [71—
74]. There is also a mutual development relation-
ship between Treg, Th17, and Th9 cells. TGFf
triggers the expression of Foxp3 transcription
factor in naive T cells, generating Treg cells.
Nevertheless, IL6 can inhibit the Foxp3 expres-
sion driven by TGFp, and the combination of
TGFp and IL-6 cytokines is able to induce
ROR-gt transcription factor, triggering the Th17
cells: nevertheless, IL2 can inhibit this induction
[75]. Additionally, also IL4 inhibits induction of
Foxp3 from TGFf. The combination of TGFp
and IL4 induces the expression of PU.1 transcrip-
tion factor generating Th9 cells. The co-
expression of IL-9 and IL-17 was identified as a
Th17 function in mediating autoimmune tissue
destruction: IFNYy inhibits this generation [76].

Consequently, research has shown that Trx1/
CD30 in NK, DC, monocyte, and T cells regulate
the redox immunological homeostasis of the
TGFp, IL4, IL6, IL10, and IL2 gender-specific
pathways. The loss of this control produces a path-
ological gender-specific polarization of T-cell sub-
sets, which causes the disease development.

3.7 KIRand FcyRlla and FcyRllla
Polymorphisms Are
Biomarkers of Low/
Moderate/High Risk

of Cancer Disease or

Progression

The results showed that the KIR polymorphisms
are stratification parameters for disease risk in
healthy subjects and for its progression in
patients.

The individual number of inhibitory KIR
(iKIR) showed no relevance in this correlation.
Instead, the number of KIR-activating receptors
(aKIR) showed meaning: aKIR>2 and aKIR<3
are, respectively, biomarkers of no risk and of
risk of disease and of its progression.

The increase of age is related to the increase of
the disease risk, and the female gender is the
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most impressed, linked to 2DS4del polymor-
phism. In men, the increase of risk of disease dur-
ing aging is caused, primary, by the Trx1 enhance
and linked to the 2DL3, 2DS4ins, and 3DL1
polymorphisms.

Furthermore, it was found that in men 3DL1 is
the highest risk biomarker: it is negatively corre-
lated with the IL2 increase and positively with
the IL4 increase (prognostic for Th9 cell genera-
tion). Instead, 2DL5B is the male highest no-risk
biomarker: in fact, it is positively correlated with
both IL2 and IFNy increase (prognostic for
immunological response homeostasis).

As in men and also in women, 2DL5B is the
highest no-risk biomarker because it is positively
correlated with IL2 increase. Additionally,
2DS2/2DL2 pair is also a female no-risk bio-
marker: it is negatively correlated with TGFf
increase.

Results also showed that the 2DL2*/2DS2*
pair is protective for tumor [77] and this is
because 2DL2*/2DS2* pair is biomarker of posi-
tive interaction between innate and adaptive
immunity and of immunological redox
homeostasis.

Another goal of these studies is the valida-
tion of FcyRlIla and FcyRIIIa polymorphisms as
gender-specific disease risk biomarkers. During
aging, the FcyRIla-131H/H combination with
FcyRIITa-158V/V is the biomarker of the lowest
disease risk in both, men and women, because it
is the most efficient combination for the control
of redox-immune homeostasis when IL10 level
is increased. The increase of IL10 level is high-
risk biomarker for chronic-degenerative dis-
eases (as tumor) and of its progression. The
combinations of FcyRIla-131H/R and FcyRIIIa-
158F/F genotypes in men and of FcyRlla-
131H/R and FcyRIIla-158V/F in women are,
furthermore, biomarkers for an intermediate
risk. This is because it is the most efficient com-
bination for the control of redox-immune
homeostasis when IL6 level is increased. In fact,
IL6 is a pre-risk condition for the disease onset
and/or its progression. The combined genotypes
of FcyRIIa-131R/R with FcyRIIla-158V/F in
men and of FcyRIla-131R/R with FcyRIIla-
158F/F in women are biomarkers for the highest

risk of disease or of its progression, because
they are protective only if the levels of IFNy,
IL4, and IL2 cytokines increase together. In this
condition, in fact, there is no risk for the redox-
immune balance.

These results showed also that in patients the
combinations of H/H-F/F e R/R-V/V in men and
of the H/H-V/V, H/R-V/V, and R/R-F/F in women
are biomarkers of no risk of disease progression;
the pair H/R-F/F is a biomarker of moderate risk
only in men, while the H/H-V/F and R/R-V/F are
high-risk biomarkers both in men and women;
the combination H/R-V/F is a high-risk bio-
marker only in men.

3.8 Concluding Remarks

Therefore, research showed that the Trx1/CD30
is a gender-specific double target and biomarker
of the homeostasis/non-homeostasis of the redox
immune system during aging.

Homeostasis protects the state of health
because it preserves our physiological ability to
defend ourselves against diseases, such as cancer.
On the other hand, non-homeostasis causes inca-
pacity to defend oneself from inflammation
which makes irreversible the mechanisms that
generate the disease.

Consequently, the Trx1/CD30 and the selected
biomarkers are a real tool for new personalized
clinical strategies to defeat cancer.
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4.1  Introduction

Distinguishing between the foreign and self-antigen
is a key principle in proper immune system func-
tion, resulting in immune tolerance for self-anti-
gens, while non-self-antigens are immunogenic [1].
Talking about cancer, this discrimination is hard due
to its origin from normal host cells [2]. Considering
that in mind, the tumor microenvironment consist-
ing of cells, molecules, and extracellular matrix
facilitates the interaction between tumor and
immune system. While possessing tumor-suppress-
ing potentials, changing the immune profile of the
tumor microenvironment may result in tumor
escape [3]. The immunoediting hypothesis pro-
pounds that the interaction between tumor and
immune system, via three processes of elimination,
equilibrium, and escape, despite initial destroying
of the nascent cells, eventually leads to tumor
expansion with uncontrolled manner because of
selection and generating of those variants of cancer
cells with increased capacity toward the immune
system [4]. Altogether, tumor antigen identification
remains an important issue in cancer immunother-
apy, since challenging with the immune escape of
the tumor on one hand and the serious side effects
and toxicities of designed therapeutics due to target-
ing of normal cells’ antigen on the other hand has
made many complexities [5]. Thus, finding the tar-
get antigens via different approaches is fundamen-
tal, making it necessary to be equipped with novel
various technologies in the field.

In this chapter, we will briefly review various
types of tumor antigens. Further, we will discuss
the approaches in identifying tumor antigens and
finally will mention the clinical utility of tumor
antigen identification.

4.2 Tumor Antigens

Antigen is defined as any substance capable of
inducing immune system response [6]. From the
point of origin, tumor antigens could be divided
into two major groups: (1) native tumor-
associated antigens which are also presented in
normal cells but are upregulated in malignant
cells and (2) tumor-specific antigens [7, 8].
Tumor-specific antigens are classified in turn into
three main groups: (a) those related to tumor-

specific somatic mutations which are known as
neoantigens [6], (b) cancer/testis antigens that are
normally expressed in male germ cells in the tes-
tis and sometimes in the female ovary and in tro-
phoblast which can also be expressed in different
tumors due to gene dysregulation in malignan-
cies [9], and (c) antigens generated from malig-
nant transformation via viral open reading frames
[8], such as HPV16 E6 and E7 [10] and EBV
[11]. These carcinogenic viruses also contribute
to the generation of neoantigens in a subset of
tumors like cervical or head and neck cancers
[12], but as they constitute a small proportion of
cancers, the majority of neoantigens are derived
from tumor-specific mutations [8].

Furthermore, tumors may express antigens
in a heterogeneous manner in which some anti-
gens are presented in all malignant cells, called
clonal antigens, whereas some others will pres-
entin a subset of cells instead of the whole tumor
which are known as subclonal antigens [6].

Another used classification is as follows:

(a) Unique tumor-specific antigens which are raised
from unique mutations in a tumor of a patient.

(b) Shared lineage-specific antigens presenting
in the tumor and its matched normal tissue,
prostate-specific antigen (PSA) belongs to
this group.

(c) Shared tumor-specific antigens which are not
seen in healthy tissues but are commonly
shared between different types of tumors.

(d) Shared antigens which derive from both
tumor and normal tissue, but are upregulated
in tumors [13].

Based on different characteristics of these var-
ious antigen types, they rank differently as ideal
candidates for immunotherapy, which is briefly
discussed later.

4.3  Approaches to Identify

Tumor Antigens

Namely, the main two antigen identification
approaches are algorithm-based prediction, also
known as indirect or reverse immunology [2], and
the forward/direct immunology or HLA peptido-
mics, in which the HLA-peptide complexes are
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isolated from samples and followed by identifica-
tion of peptide sequences [14]. Although rendering
many neoantigen identification, the reverse immu-
nology approach may eventually result in a small
fraction of predicted peptides to be confirmed,
yielding high false-positive peptides and thus
requiring validation via laborious and time-con-
suming techniques. Furthermore, since the valida-
tion is based on the previous immunogenicity of the
peptide, they may not present by the tumor anymore
in contrast to the HLA peptidomics strategy in
which the antigens are actually presented even
though they are not immunogene [15].

4.3.1 Prediction-Based

Identification

The indirect or reverse immunology approach
relies on the algorithm-based prediction of the
proper antigen candidate. The steps and main
implemented methods are summarized here. The
main steps are illustrated in Fig. 4.1.

4.3.1.1 Antigen Identification
The initial step is the antigen identification. This
could be implemented with or without sample

Fig. 4.1 Identification
of tumor antigen by
indirect immunology
approach

acquisition. In the method without obtaining any
sample, the candidate frequent mutations are
selected from common well-characterized muta-
tions on the basis of existing literature and data-
bases [8]. This classic approach was one of the
early methods in identifying tumor antigens. The
cDNA library has shown to be very efficient in
identifying many unique neoantigens such as
PTPRK in melanoma [16], ACTN4 in lung can-
cer [17], and KIAA1440 in renal cancer [18].
However, it is laborious and low throughput and
hard to clone some large, GC-rich or low-
expression transcripts [2]. Sharkey MS. et al.
reported the V599E mutation of BRAF codon
599, to be recognized by T cells. They provided
melanoma culture by enzymatic lysis of meta-
static lesions. DNA sequencing was done on
genomic DNA isolated from melanoma cells and
peripheral blood mononuclear cells. PCR was
used for the amplification of BRAF exon 15. Due
to the interference of melanin, reverse transcribed
cDNA was utilized as the template for PCR [19].

In sample acquisition method, tumor and
matched normal cells are obtained, followed by
the DNA sequencing [8] or protein overexpres-
sion analysis including different methods such
as western blotting and immunofluorescence,
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immunohistochemistry, etc. Yang Li et al.
reported glutathione S-transferase omega 1 pro-
tein as a tumor-associated antigen which could
be utilized as a biomarker in early detection of
esophageal squamous cell carcinoma. They
used immunohistochemistry analysis to com-
pare the GSTO1 expression between esopha-
geal squamous cell carcinoma and the normal
tissue. They also used western blotting and
immunofluorescence to confirm the mentioned
discovery [20].

Whole-exome sequencing is one of the most
frequently used techniques. While being very
efficient in identifying antigens previously
missed by cDNA library screening, its efficiency
could be restricted by the accuracy of HLA-
peptide binding prediction algorithms, especially
for HLA II and rare HLA alleles, and the failed
expression of some epitopes on the cell surface.
The latter could be somewhat resolved by pulsing
the antigen-presenting cells with long synthetic
peptides [2]. Along with DNA sequencing, RNA
sequence is also determined to validate the
expression levels of detected mutations [8].

Another approach has been developed by the
application of tandem minigene (TMG). One
minigene is designed for each mutation, which is
synthesized in tandem to generate the TMG con-
struct that encodes polypeptides comprising
mutated amino acids. They are used as templates
for the generation of in vitro transcribed RNA,
and then each transfects the autologous antigen-
presenting cell or cell lines co-expressing autolo-
gous HLA molecules [2, 8, 21].

4.3.1.2 In Silico Peptide Prediction

After identifying the mutations, in silico analysis
is utilized to predict the binding affinity of pep-
tides to autologous HLA. Moreover, the peptides
predicted to be poorly processed by the protea-
some, and thus poorly presented could be
removed. Using the prediction algorithms, the
mutations are then ranked, and the candidate pep-
tides are synthesized [2, 8]. There are different
databases and tools for prediction. The IEDB
(immune epitope database and analysis resource)
is an online database rendering tools such as
SMM, SMMPMBEC, ARB, and Pickpocket [8].
As an example of these bioinformatics,
NetMHCpan is a large database of HLA-I and

peptide interactions capable of generating quanti-
tative predictions of HLA-peptide binding affin-
ity which acquires the data from IEDB and the
data published by Sette and coworkers [22].

4.3.1.3 Validation of Antigen

Presentation

and Immunogenicity
To determine whether or not the synthesized neo-
peptides can induce the T-cell activation, their
expression and immunogenicity must be vali-
dated using T-cell reactivity analysis. Thus,
antigen-loaded autologous antigen-presenting
cells are generated and utilized to stimulate T
cells from patients or healthy donors. The
expanded T cells are then studied for their activa-
tion in vitro and detected by markers such as
cytokine secretion (IFN-y), CD170a, OX-40, and
4-1BB upregulation [2, 8].

4.3.2 Forward Imnmunology
in Tumor Antigen
Identification

In the early 1990s, the first successful cloning of
the human gene MAGE-1 encoding a tumor
antigen of melanoma MZ2-MEL was investi-
gated by Traversari et al. along with demonstrat-
ing the autologous cytotoxic T-lymphocyte
response [23, 24]. However, different from HLA
peptidomics used in recent years in forward
immunology, it is often revered to as direct
immunology approach as the first human tumor
antigen identification.

4.3.2.1 Genome Sequencing

The initial step is determining the DNA
sequence of the tumor and matching normal
sample to identify the somatic mutations in
malignant cells. It could be done by means of
whole exome or genome sequencing [15].
Robbins et al. investigated the ability of tumor-
infiltrating lymphocytes in recognizing potent
antigens. They developed a screening method
via mining whole-exome sequence data to
identify mutated antigens. They introduced
whole-exome sequencing, that is, a relatively
simple and rapid genomic approach capable of
providing an opportunity for the development
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of different therapeutic modalities such as
adoptive transfer protocols and cancer vac-
cines in various tumors [25].

4.3.2.2 Isolation of HLA-Peptide
Complex

In this step, the tumor cells or tissues are lysed to
extract the HLA-peptide complex. Due to the
hydrophobic nature of the bi-lipid plasma mem-
brane structure and poor solubility of the mem-
brane proteins, the isolation process requires
enrichment techniques [26]. They are categorized
into three main groups:

(a) Isolation based on physical properties such
as gradient centrifugation as the oldest
method; ultracentrifugation in which the dif-
ferent fragments are split into groups with
similar shape, density, and size; and also
coating cells with cationic colloidal silica
particles.

(b) Isolation with limited short-duration prote-
olysis via enzyme for cell surface shaving,
which in turn solves the low solubility prob-
lem of the membrane. Cell integrity should
be taken into consideration during the diges-
tion process.

(¢) Chemical enrichment methods with different
materials, which is one of the favored strat-
egies in recent years. Namely, some of the
substantial ones are cell-surface capture
techniques, glycocapture, biotinylation,
etc. [14].

Along with the enrichment process, solubili-
zation should be done in order to extract the pro-
teins from the embedded lipid membrane. Ionic
liquids, solvents, detergents, organic acids, and
chaotropes are of various methods used [26].
Organic solvents lessen the performance of the
enzymatic digestion; thus it is required to con-
stantly use the fresh protease during the process
or to dilute the solvent before proteolysis. The
disadvantage of detergents is their incompatibil-
ity with liquid chromatography or mass spec-
trometry [14].

4.3.2.3 Sequencing of Neopeptide
In proteome study, label-based and label-free
techniques are the main methods for protein

quantification. The first includes isobaric, enzy-
matic, and metabolic labeling which are capable
of parallel quantification of several samples
resulting in time-saving and increased perfor-
mance, although they will miss the identification
of antigens in minority. Label-free techniques
such a mass spectrometry could be applied with
fewer expenses and steps while implicating more
precise control of protocol employment to elude
experimental errors rendering sample-to-sample
variation [14]. Finally, the neoantigens are identi-
fied by comparing the data of the complete
human proteome and the detected mutated pro-
teins of the tumor [15]. MaxQuant software is
one of the commonly used modules for the analy-
sis of peptides based on genomic variations [27].

4.4  Clinical Utility of Tumor

Antigen Identification

Endogenous T cells have shown promising
results in cancer immunotherapy. This fact
implies the ability of T cells in recognizing and
thus acting against some antigens presenting on
malignant cells [12]. Many other therapeutic
modalities have also underlined the importance
of targeting specific structures of tumors. As a
result, the selection of appropriate antigens based
on their various properties plays a pivotal role in
designing novel treatments.

While owing low likelihood of central thymic
immunological tolerance and thus being highly
immunogenic, neoantigens also face challenges
in immunotherapy since they are unique to each
patient, resulting in expensive and laborious tech-
nical issues [7, 8]. In contrast to neoantigens,
nonmutated self-antigens have been broadly
applicable, due to the ability to be generally uti-
lized among patients. Nevertheless, they result in
substantial side effects due to being presented in
normal cells, in addition to higher rates of
acquired immune tolerance [7] that could be one
reason why vaccines designed on the basis of
these native antigens did not show acceptable
clinical results [7], whereas studies based on neo-
antigens such as an individualized vaccine target-
ing more than 20 personal neoantigens in patients
with melanoma [28] or tumor-infiltrating lym-
phocytes against mutant KRAS GI12D in the
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metastatic colorectal cancer [29] have demon-
strated promising results [30].

In addition, durable clinical benefits have been
reported in tumors with low subclonal in com-
parison to clonal mutations [31]. Altogether, the
selection of ideal antigens is still under question.
Nevertheless, some key facts should be taken into
consideration. Antigens with these properties
might be favorable:

1. The target antigens widely presented in vari-
ous malignancies.

2. Antigens playing an important role in tumor
progression or survival.

3. Highly immunogenic antigens.

Furthermore, personalized medicine target-
ing unique antigens of the individual tumor is
of novel therapeutic options [13]. Identified
antigens could be targeted via immune vac-
cines. However, there are some issues in devel-
oping neoantigen vaccines, including the
variation in the mutation rate of numerous
malignancies. Tumors such as melanoma with
higher mutation rates are better candidates for
vaccine therapy because of being more immu-
nogene than those tumors with fewer antigenic
burdens. Another challenge is that tumors uti-
lize different mechanisms for immune escape
by means of reducing antigen processing and
presenting and downregulation of HLA-1 mol-
ecules. They also make changes to the tumor
microenvironment by inducing suppressive
cells such as regulatory T cells, macrophages,
and myeloid-derived suppressor cells. Apart
from antigen-induced signals of the T-cell
receptor, the co-stimulatory signal is required
for the activation of T cells, and tumors are
capable of inducing T-cell anergy by interfering
with these co-stimulatory and co-inhibitory sig-
nals. To solve the mentioned issues, some solu-
tions have been recommended. These include
the application of multi-epitope vaccines for
generating a robust and durable response,
which has been investigated in clinical trials.
Another suggestion is the use of adjuvants such
as toll-like receptor agonists and monoclonal
antibodies. The delivery system of vaccines
could also play a role. By acting like pathogen-

associated molecular patterns, the nanoparticles
are the favorable delivery system [8].

4,5 Concluding Remarks

Anti-cancer immunotherapy is becoming a mile-
stone in the treatment of malignancies.
Heterogeneity of tumors, immunoediting, and
inhibition of immunosurveillance are faced chal-
lenges in the field. Based on current knowledge,
identification of ideal tumor antigens will
empower the diagnostic and therapeutic modali-
ties, and recent advances in antigen identification
have generated new opportunities such as anti-
tumor vaccines and adoptive cell transfer.
Combination therapy of different immunologic
approaches or with conventional anti-cancer ther-
apies may render promising results. An increas-
ing pattern in the development and clinical
application of targeted therapies is anticipated.
By means of next-generation sequencing, more
sensitive and precise mass spectrometry, high-
throughput methods, etc., ideal identification of
antigens will become more feasible.
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Introduction: The Balance
of Immune Surveillance
in the Tumor

5.1

In the beginning of the twentieth century, Paul
Erlich was the first to introduce the concept of a
vigilant immune system that can be manipulated
to counteract tumor development [1]. However,
due to lack of experimental evidence, it was not
until the 1970s that Frank Macfarlane Burnet pos-
tulated the “immune surveillance theory.” This
theory brings to light a complex immunological
mechanism capable of eliminating potentially
malignant cells, mainly through recognition of
tumor-specific antigens expressed on tumor cells
[2]. In later years, several studies describing inter-
actions between the immune system and the devel-
oping tumor have further refined this theory [3, 4].
Indeed, strong evidence supporting the key
role of immune effector cell populations that are
either tumor-specific, including B and T cells
able to recognize tumor-associated antigens
(TAAs) [5, 6], or non-specific, such as macro-
phages and natural killer (NK) cells, led to the
sophisticated concept of cancer “immune edit-
ing,” which spans cancer development from
tumor immune surveillance to tumor immune
escape [7, 8]. According to this concept, cancer
development is comprised of three distinct phases
[9, 10]: (1) the elimination, (2) the equilibrium,
and (3) the escape, which are more extensively
reviewed and discussed in separate chapters of
this book. Particularly, the phenomenon of tumor
immune escape according to which tumors are
capable of side-tracking or completely blocking
host antitumor immunity through interference
with various components of the immune system
is of major importance for the development of
cancer immunotherapies [11]. Recently, several
immune escape mechanisms have been described
to hamper antitumor immune responses, either by
reducing the homing of immune effector cells to
the tumor site or by suppressing antitumor
immune functions [12-15]. Therefore, cancer
immunotherapies should attempt to stimulate
homing and activation of immune effector cells
and/or deplete or target pro-tumoral immunosup-
pressive cell populations and pathways.
Immunotherapy of cancer was selected as the
breakthrough of the year 2013, according to

Science [16]. Indeed, several groundbreaking
clinical trials demonstrated the potency of such
therapeutic approaches in patients. Yet, trials
have also demonstrated that the responses vary
greatly between patients. While in a selected
group of patients immunotherapy leads to a full
eradication of the tumor, in other patients the
same treatment does not evoke a response at all.
Currently, tumor immunologists are searching
for biomarkers that can be used to describe the
“immune signature” of the tumor [17, 18].
Defining the intratumor immunologic profile
unique for every tumor type or patient may enable
personalized immunotherapeutic strategies for
the effective control of tumor progression [19].
This chapter gives an overview of novel strate-
gies for reversing/reducing immunosuppression in
the tumor microenvironment, illustrating their tar-
gets and the underlying mechanisms responsible
for their therapeutic antitumor activity. Prior to this,
the immunosuppressive mechanisms most widely
encountered in human tumors are briefly addressed.

5.2 The Balance Is Tilted:
Mechanisms of Tumor

Immune Escape

Tumor immune escape is a consequence of the
so-called “immune editing” process driven by the
host immune system, through which malignant
cells sensitive to immune interventions are elimi-
nated, but in some cases allowing immune-
resistant variants to survive and further develop
[20, 21]. The mechanisms of tumor immune
escape can be functionally divided in two catego-
ries: immune tolerance and immunosuppression.

5.2.1 Tolerance Mechanisms

Tumors frequently induce a state of T-cell unre-
sponsiveness toward tumor-associated antigens
(TAAs), attributed partly to T-cell ignorance,
since tumor cells express mainly self-antigens.
Additionally, tumor cells often alter their antigen
processing/presentation  machinery,  mostly
toward a defective T-cell priming in the tumor
microenvironment [12, 22], but also in adoptive
strategies to directly block active immune surveil-
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lance, usually with the use of tumor-derived solu-
ble factors [23]. Thus, the main targets of
tumor-induced tolerance mechanisms are CD4* T
cells, cytotoxic CD8" T lymphocytes (CTLs),
dendritic cells (DCs), and the antigen presentation
machinery. Both the relevance of these immune
populations and the tolerance mechanisms they
are the targets of are shortly addressed below.

5.2.1.1 CD4* HelperT Cells and CD8*

Cytotoxic T Lymphocytes:

Negative Polarization

and Apoptosis
After proper cytokine stimulation, CD4* mature
T helper cells play a crucial role in the initiation
and activation of antitumor immune responses.
IL-12 polarized, type 1 CD4* T cells (Thl) pro-
vide help to cytotoxic CD8" T cells by stimulat-
ing their proliferation and inducing IFN-y
secretion once antigen-specific immunity has
developed [24]. In contrast, IL-4 polarized, type
2 CD4* T cells (Th2) secrete cytokines which
induce neutralizing antibody production by B
cells [25], thus directing immunity toward a
tumor-promoting Th2 response, prevalent in the
context of tumor immunology.

A major mechanism of tumor-induced apop-
tosis of CTLs is via cross-linking between the
overexpressed death receptor FasR (CD95) on
the surface of activated effector T cells and its
correspondent ligand FasL on the surface of
human tumor cells [26, 27]. Direct tolerization of
antitumor T cells by tumor cell-induced TGF-f§
signaling is another highly effective mechanism,
leading to a significantly decreased function and
frequency of CTLs [23, 28].

5.2.1.2 Defects in the Antigen
Presentation Process
The main components of the antigen processing
and presentation machinery are the antigen-
presenting cells (APCs), TAAs, and major histo-
compatibility complex (MHC) (or human leukocyte
antigen (HLA) in humans) class I antigens. Tumor-
induced alterations can affect the functionality of
any of these factors via several mechanisms [29].
DCs are the dominant APCs capable in activat-
ing T cells but also in tolerizing them, depending
on the local microenvironment [30]. Key determi-
nants of DC competence for antigen processing

and presentation are their activation and matura-
tion status [31]. In several studies, decreased
numbers of mature DCs were detected in the sec-
ondary lymphoid organs of tumor-bearing mice
[32-34]. This observation is consistent with stud-
ies in patients with rapidly growing solid or non-
solid tumors which exhibit significantly lower
numbers of myeloid mature DCs [35-40]. In
addition, isolated DC subsets have phenotypes
similar to immature DCs and reduced expression
of co-stimulatory molecules [41]. Downregulation
of these molecules on the surface of DCs leads to
inappropriate provision of co-stimulatory signals
required for T-cell activation and interferes with
the process of cross-presentation and thus results
in death or anergy of antigen-specific CTLs [41,
42]. Moreover, DCs exposed to indoleamine-
2,3-dioxygenase (IDO), transforming growth
factor-beta (TGF-P) or prostaglandins [29, 43],
have been shown to induce tolerance and anergy
leading to failure of recognizing tumor cells.
Another means of tumor-mediated immuno-
suppression, as a result of genetic instability of
tumors over time, is the change of their antigenic
profile and selective development of “epitope
loss” [44-46], by which tumors fail to be recog-
nized and eliminated by the immune system. An
additional effect of this genetic instability is a
diminished or abolished expression of HLA class
I antigens and antigen presentation-associated
proteins [25, 47-54], with a frequency of anti-
genic loss or downregulation ranging from
around 15% in melanoma lesions up to more than
50% in primary prostate carcinoma [53, 54].

5.2.2 Immunosuppression

Mechanisms

The machinery of tumor-induced immunosup-
pression is highly versatile, as it has developed to
target a large variety of antitumor processes.
Within the tumor microenvironment, many cell
populations contribute to the generation of an
immunosuppressive profile. These include cancer-
associated fibroblasts (CAFs), myeloid-derived
suppressor cells (MDSCs), regulatory T cells
(Tregs), and tumor-associated macrophages
(TAMs). Furthermore, various tumor-derived
factors with immunosuppressive activities also



64

G. Koutsoumpli et al.

contribute to tumor progression. The mechanisms
by which these cell populations and factors give
rise to tumor-immune escape are addressed below.

5.2.2.1 Cancer-Associated Fibroblasts
(CAFs)

CAFs are cells that reside mostly within the
tumor mass, or are often found within the tumor
stroma. CAFs facilitate the malignant transfor-
mation process and promote tumor growth,
angiogenesis, inflammation, and metastasis [55].
Similar to normal fibroblasts, CAFs are very het-
erogeneous [56, 57] and therefore difficult to
classify based on expression of specific markers.
However, the most widely used markers for CAF
classification are a-smooth muscle actin
(a-SMA) and fibroblast activation protein (FAP)
[58]. Notably, the latter is being studied as a
potential biomarker associated with poor prog-
nosis in colorectal cancer [59]. Unlike normal
fibroblasts present in healthy tissues, CAFs are
more proliferative [60] and secrete various fac-
tors that promote tumor growth (such as CXCL12
[61], TGF-B [62]) and modulate the expression
of matrix metalloproteinases (MMPs) [63].
Several studies in diverse tumors suggest that
CAFs are not only promoting tumor growth and
metastasis but can also enhance drug resistance
through various mechanisms [64]. In pancreatic
cancer, CAFs decrease the sensitivity of cancer
cells to chemotherapy and radiotherapy by secre-
tion of soluble factors [65], while in head and
neck squamous cell carcinoma, CAFs protect
cancer cells through secretion of MMPs [66].

5.2.2.2 Myeloid-Derived Suppressor
Cells (MDSCs)

MDSCs (CD11b*CD14-CD33%) [67] represent a
heterogenic, bone-marrow-derived cell population
[68, 69] with an increased frequency in the periph-
eral circulation and tumors of patients with differ-
ent malignancies [70-72]. Migration of bone
marrow precursors (which are further differenti-
ated to MDSCs) to the tumor zone has been shown
to be mainly induced by CCL2 secretd by tumor
cells [73]. Once MDSCs arrive, signals derived
from the tumor promote their activation [69].
MDSCs are characterized by poor phagocytic
activity, continuous production of reactive oxygen
species (ROS), nitric oxide (NO), and several anti-

inflammatory cytokines [74]. As immune suppres-
sive cells, they have the capacity to inactivate both
CD4* and CD8* T cells through various mecha-
nisms, including depletion of L-arginine [14],
decreased tryptophan levels [75], and production
of ROS [76], iNOS [77], and immunosuppressive
cytokines, such as IL-10 and TGF-f [78]. Although
MDSC-mediated suppression mainly affects T-cell
function, it has also been described that MDSCs
impair T-cell activation, by inhibiting MHC class
IT expression [79] and thus leading to decreased
antigen presentation.

5.2.2.3 Regulatory T Cells (Tregs)

Similar to MDSCs, Tregs have also been shown
to accumulate in tumors of patients with cancer
[80]. Intratumoral accumulation of Tregs leads to
poor prognosis for patients with gastric [81] and
ovarian [80] carcinomas. CD4* Tregs, character-
ized by the expression of FoxP3 [82], are a highly
immunosuppressive subset of CD4* T cells. Two
major populations of FoxP3* Tregs have been
described to date: one “natural” subset, which
differentiates in the thymus, and one “induced,”
developed in the periphery from conventional
CD4* T cells [83]. Both subsets promote tumor
immune escape via the following mechanisms:
(1) by secretion of immunosuppressive media-
tors, including cytokines like IL-10, TGF-f, and
IL-35 [84, 85]; (2) by induction of effector T-cell
apoptosis [86], as they promote a status of meta-
bolic disruption secondary to IL-2 [87] depriva-
tion; (3) by engagement of contact-dependent
mechanisms of immunosuppression (e.g., inhibi-
tion of DC maturation, via CTLA-4 interaction
with CD80/CD86 on DCs [88]); or by (4) by
expression of suppressor molecules, such as
LAG-3, CD39, neuropilin 1, or galectin 1 [89].

5.2.2.4 Tumor-Associated
Macrophages (TAMs)

TAMs are immune cells that modulate and pro-
mote several immunosuppressive factors in the
tumor microenvironment [90]. TAMs derive from
monocytes that are recruited to the tumor [91]
and, in the presence of Th2 cytokines such as IL-4
or IL-13, are polarized toward an M2 (“alterna-
tively activated”) non-cytotoxic phenotype [92].
Several studies have underlined their capacity to
cause tumor growth both directly, by production
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of cytokines that stimulate proliferation of tumor
cells [93], and indirectly, by stimulating prolifera-
tion of endothelial cells [94]. TAMs are frequently
found in solid tumors, where they promote remod-
eling of the extracellular matrix and secrete growth
factors inducing tumor-specific neoangiogenesis
[95]. Moreover, TAMs are enriched in hypoxic
areas in most of the solid tumors [96], where they
support tumor cell proliferation by secreting cyto-
kines and growth factors. Indeed, accumulation of
macrophages within the hypoxic tumor areas of
patients is correlated with poor prognosis [97]. On
the other hand, increasing accumulation of TAMs
in the normoxic tumor area supports M 1-like mac-
rophages, leading to an antitumor immune
response [98], while blocking colony-stimulating
factor-1 (CSF-1) signal decreases M2-like polar-
ization and impedes malignant progression result-
ing in regression of established gliomas [99].
These processes thus underscore the therapeutic
relevance of TAM polarization.

Recently, metabolic changes in the tumor micro-
environment have gained attention suggesting that,
during tumor progression, gradients of extracellular
metabolites (like lactate) act as tumor morphogens
that promote M2-like polarization [100, 101].
Moreover, it has been suggested that treating TAMs
with the glycolysis inhibitor 2-deoxyglucose blocks
the development of TAMs with a pro-metastatic
phenotype [102]. In the same line, increasing glu-
cose uptake specifically in TAMs outcompetes
endothelial cells for glucose usage, thus reducing
vascular hyperactivation and decreasing tumor
angiogenesis [103], supporting the link between
metabolism of TAMs and tumor angiogenesis.

TAM-mediated  immunosuppression  also
affects T-cell function. Under IL-6 and IL-10
stimulation, expression of programmed death-
ligand 1 (PD-L1) is induced in TAMs [104], thus
impairing T-cell effector activity. Moreover, pro-
grammed death 1 (PD-1) expression on the sur-
face of TAMs correlates with decreased
phagocytosis  [105]. PD-1/PD-L1  blockade
increases both effector T-cell activity and PD-1*
TAM phagocytosis, supporting the use of check-
point inhibitors in cancer treatment. In addition,
TAM-derived PGE2, IL-10, and IDO play impor-
tant roles in the induction of Tregs. Furthermore,
TAM-derived CCL17, CCL18, and CCL22 are
chemotactic factors for Tregs [87], resulting in the

suppression of T cells in the tumor microenviron-
ment. For example, in the HPV16 E6- and
E7-expressing TC-1 tumor mouse model, TAMs
were shown to cause suppression of the antitumor
T-cell response [106], while their secreted IL-10
subsequently induced a Treg phenotype [107].

5.2.2.5 Tumor-Derived
Immunosuppressive Factors
Within the tumor microenvironment, signals that
stimulate T-cell cytolytic functions can be
replaced by inhibitory signals secreted by the
tumor itself as a mechanism of immune escape.

Cytokines

The immunosuppressive cytokines TGF-f and
IL-10 are produced by Tregs as a means to disbal-
ance T-lymphocyte surveillance of tumor devel-
opment [108, 109], by inhibiting proliferation of
antitumor effector T cells. Granulocyte-monocyte
colony-stimulating factor (GM-CSF) is another
cytokine with immunosuppressive properties.
Due to these properties, GM-CSF facilitates
recruitment and expansion of MDSCs in several
cancer models [110, 111] and promotes genera-
tion and expansion of TAMs [112], despite being
described as immunostimulatory in other settings
[113]. The GM-CSF receptor (GM-CSF-R) sig-
nals through signal transducer and activator of
transcription factor 3 (STAT3) [114], which has
been linked to elevated PD-L1 expression on
myeloid cells [115] and regulation of IDO expres-
sion in breast cancer MDSCs [116].

Enzymes

Together with arginase and iNOS, which are
central for two of the mechanisms of immuno-
suppression exerted by MDSCs, IDO and cyclo-
oxygenase 2 (COX2) also  present
immunosuppressive properties. IDO inhibits
T-cell activation by depleting tryptophan [117],
one of the essential amino acids necessary for
T-cell development, whereas COX2 stimulates
PGE2 production, a prostaglandin involved in
conversion of human DCs into immunosuppres-
sive MDSCs [118].

Negative Regulatory Factors
Antitumor immune responses are hampered by
tumor-induced activation of negative regulatory
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pathways (also called checkpoints), either associ-
ated with immune homeostasis or actively facili-
tating tumor immune escape [119-121].
Frequently, antitumor immunity shares charac-
teristics with chronic immune responses, such as
T-cell exhaustion [122], mediated by the expres-
sion of multiple inhibitory receptors including
PD-1 (also known as CD279), -cytotoxic
T-lymphocyte antigen-4 (CTLA-4, CDI152),
lymphocyte-activation gene (Lag-3), T-cell
immunoglobulin and mucin-domain containing-
3 (Tim-3), CD244/2B4, CD160, TIGIT, BTLA,
and others [12, 123-128]. Among them, PD-1
and CTLA-4 have been extensively studied and
garnered attention due to the clinical success of
antibody therapies [129-131]. PD-1 is a member
of the CD28 superfamily of T-cell regulators,
expressed on activated CD8* T cells during prim-
ing or expansion, and functions mainly in periph-
eral tissues, where T cells encounter its two
corresponding ligands, PD-L1 (B7-H1, CD274)
and PD-L2 (B7-DC, CD273), members of the B7
family [132]. PD-L1 is expressed in various cell
types, including stromal and tumor cells, but also
in immune cells after exposure to effector cyto-
kines such as IFN-y, while PD-L2 is mainly
expressed on DCs in normal tissues [133]. In
physiological situations, the PD-L1/PD-1 axis is
an important negative feedback loop ensuring
immune homeostasis through suppression of
excessive immune activation [134] and facilita-
tion of immune tolerance to self-antigens [132,
135, 136]. However, in the tumor, the PD-1/
PDL-1 axis restricts tumor immunity [129].
Tumor-specific CD8* T cells that express lower
levels of PD-1 showed less exhausted phenotypes
[137], as compared with tumor-specific CD8* T
cells with higher PD-1 expression. Similarly high
levels of PD-1 have been found on activated
CD8* T cells during chronic infections [138].
Co-inhibitory signaling via PD-L1 (but not
PD-L2) is necessary for conversion of naive
CD4* T cells to adaptive CD4*FoxP3* Tregs. In
addition, PD-L1 expression in various tumors,
including breast, ovarian, colorectal, pancreatic
cancer, and hematologic malignancies, has been
considered a predictor of poor prognosis
[139-143].

Although not as disputed as the PD-1/PD-L1
axis, LAG-3 is also a member of the immuno-
globulin superfamily and is expressed on the sur-
face of activated Tregs, CD8" T cells, B cells, and
NKT cells, contributing to tumor immune sup-
pression. Interestingly, Tregs from LAG-3/"
mice present reduced regulatory activity [144].
Lastly, CTLA-4 is a receptor expressed on the
surface of Tregs and upregulated on activated
conventional T cells [145, 146]. CTLA-4 trans-
mits an inhibitory signal for T-cell activation by
competing with the co-stimulatory molecule
CD28 for binding to their shared ligands CD80
(B7.1) and CD86 (B7.2), with opposing effects
[147, 148].

Endothelin Receptors

Aberrant activation of the small bioreactive pep-
tide endothelin 1 (ET1) and its receptors endo-
thelin receptor type A (ETAR) and type B
(ETBR), by a large array of stimuli, in a para-
crine and autocrine loop [149], has multiple
implications in the progression of various solid
tumors, including prostate, colon, ovarian,
breast, and lung cancer [150-154]. Upon bind-
ing of its ligand ET1, ETAR promotes vasocon-
striction, tumor cell proliferation, and cell
migration [155-158] through phospholipase Cf
and downstream activation of mitogen-activated
protein kinase family members, including ERK
signaling [150]. ETAR may also play a role in
chemoresistance [159]. On the other hand,
ETBR was shown to inhibit T-cell homing and
adhesion to the tumor by inducing the suppres-
sion of intracellular adhesion molecule 1
(ICAM-1) on the endothelial cells [150]. High
expression of ETAR has been reported in
patients with prostate cancer and bone metasta-
sis [160], HPV-induced neoplasia [156, 161],
and renal cell carcinoma [162]. ETBR expres-
sion was associated with the absence of tumor-
infiltrating lymphocytes and decreased survival
of patients with ovarian cancer [163].
Additionally, ETBR overexpression is associ-
ated with an aggressive tumor phenotype in
melanoma [164, 165] and correlates with tumor
progression and metastasis of vulvar squamous
cell carcinoma [166].
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The above-described spectrum of strategies
developed by tumors to evade the cytolytic activ-
ity of the immune system illustrates the complex-
ity of the tumor immune escape phenomenon and
its capacity to adapt and particularly target dis-
tinct mechanisms of the antitumor immune
response. Developing tumors are able to use dif-
ferent functions of the immune system to sustain
their own growth and to simultaneously build up
mechanisms which enable them to hide from an
immune-based attack. Different types of tumors
develop diverse immune escape mechanisms,
translating into various degrees of tumor aggres-
siveness. Thus, the complexity of the tumor
immune escape phenomenon resides in the abil-
ity of human tumors to develop unique signa-
tures, which pose areal challenge for development
of effective antitumor therapies.

5.3  Shifting the Balance:
Strategies to Target Tumor

Immunosuppression

Therapeutic approaches against cancer have
mainly been oriented on the activation of the
immune system to directly eliminate tumor cells,
thus decreasing the tumor load. More recently,
the importance of cancer-induced immune sup-
pression is being taken into consideration with
apparent clinical success of antibodies against
immune checkpoints [129]. Despite the therapeu-
tic potency of those immunotherapies, still only a
subset of patients exhibit durable responses, sug-
gesting that the main challenge of these strategies
is the unique immune signature of tumors, which
further translates into a large variability of tumor-
induced  immunosuppression  mechanisms.
Hence, the starting point of these strategies con-
sists of mapping this immune signature, followed
by a documented selection of uni- or multimodal
therapies targeting the predominant immunosup-
pressive mechanisms developed within each
tumor type. Based on their overall target aim,
these therapies can be categorized as those which
attempt to increase homing of effector T cells to
tumors and those that, directly or indirectly,
increase antitumor activity of intratumor effector

T cells, either by overcoming tumor-induced tol-
erance or by overriding the immunosuppression
mechanisms imposed during tumor development
(see Table 5.1).

5.3.1 Strategies Targeting Homing

of Effector T Cells

Some of the tumor immune escape mechanisms
described above interfere with the proper traf-
ficking of effector T cells from the peripheral cir-
culation or secondary lymphoid organs to the
tumor site. A reduced homing of these effector
cells to the tumor will give rise to negative regu-
latory processes leading to tumor progression.
Several strategies to block these processes and
enhance intratumor homing of effector cells have
been proven effective. These include local tumor
irradiation, blockade of endothelin receptors,
taxane-based chemotherapy, and antibody-
mediated targeting of effector CTLs.

5.3.1.1 Local Tumor Irradiation

Local tumor irradiation has long been used as a
curative treatment for localized cancer and iso-
lated metastasis, but also as a palliative treatment
in patients with widespread disease. Overall,
more than 50% of cancer patients receive radio-
therapy, often as adjuvant therapy, in association
with other therapies such as surgery, hormonal
therapy [167], chemotherapy, or bone marrow
transplantation. Radiotherapy has been highly
effective for certain malignancies, including
prostate, endometrial, and cervical
Recently, irradiation has come to the attention of
tumor immunologists due to its immunogenic
properties and potentially antimetastatic effects
[168-174].

A major immunological effect of local tumor
irradiation is the induction of cell death [175] that
results in release of TAAs and danger signals,
which attract immune cells to the tumor site, thus
favoring antigen cross-presentation, improved
DC function, and therefore enhanced antigen-
specific T-cell priming [170, 176, 177].
Furthermore, it has recently been demonstrated
that, after irradiation, the remaining cancer cells

cancer.
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Table 5.1 Types of immunotherapy aimed at targeting various mechanisms of tumor-induced immune suppression

Type of therapy
Local tumor irradiation

Endothelin receptor blockade
Chemotherapy
Taxanes

Ab-mediated targeting of CTLs?*
Depletion/inactivation therapy
MDSCs!

Tregs®

TAMs®

Cytokine therapy

IL-15

IL-7

IL-12

Blockade of negative factors
Anti-CTLA-4¢ (Ipilimumab)
Anti-PD-1"anti-LAG3!
Anti-TGFp’

Targeted pathway

Antigen presentation and processing

Release of tumor-associated antigens
Production of proinflammatory cytokines and
chemoattractants

Restoration of ICAM-1° expression
Inhibition of angiogenesis

Induction of programmed cell death

Antigen presentation and processing

TAMs¢ cytotoxicity

Tumor and T-cell concomitant antigen binding
Inhibition of DNA replication

Inhibition of tyrosine kinase signaling
Enzyme inhibition

Inhibition of angiogenesis

T-cell growth factors

DCs' activation

Vaccine adjuvants

Blockade of T-cell checkpoints
Inhibition of receptor signaling
Induction of T-cell activation
Antigen-presenting cell activation

Achieved effect
Enhanced intratumor
homing of effector CTLs*

Enhanced activity of
intratumor effector CTLs?

Anti CD40/CD40L

*Cytotoxic T lymphocytes

“Intercellular adhesion molecule 1
“‘Tumor-associated macrophages
4Myeloid-derived suppressor cells
‘Regulatory T cells

Dendritic cells

£Cytotoxic T lymphocyte-associated protein 4
"Programmed cell death protein 1
Lymphocyte-activation gene 3

JTransforming growth factor beta

present high levels of co-stimulatory and MHC
class I molecules that render them more immuno-
stimulatory and susceptible to T-cell-mediated
killing [178]. Other beneficial effects of local
tumor irradiation involve the induction of proin-
flammatory cytokines, such as TNF-a, IL-1p, and
TGFp [168, 179, 180]; expression of chemo-
kines, like CXC-motif chemokines such as
CXCL9, CXCL10, CXCL11, and CXCL16 that
result in chemotaxis of T cells; and induction of
adhesion molecules and death receptors that
enhance CTL responses [181, 182]. These
changes within the tumor microenvironment
facilitate recruitment of effector T cells to tumors
via two distinct mechanisms: first, by promoting
vasculature normalization [183] and, second, by
stimulating overexpression of endothelial adhe-

sion molecules, such as vascular cell adhesion
molecule 1 (VCAM-1) [169].

In the last decade, preclinical and human stud-
ies brought forward substantial clinical evidence
that local tumor irradiation has the capacity to
activate the immune system. Notably, combina-
tion of immunotherapies and radiation has been
shown to enhance antitumor responses.
Preclinical studies in tumor-bearing mice dis-
played that irradiation combined with PD-1
blockade increased overall survival and decreased
Treg infiltration [184], when compared with anti-
PD-1 treatment alone. Consistent to that combi-
nation of anti-PD-L1 antibody and irradiation
resulted in substantial tumor regression, together
with significant reduction of MDSCs within the
tumors and increased CD8* T-cell infiltration
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[185]. Currently, multiple clinical trials are eval-
uating anti-PD-1 and anti-PD-L1 antibodies in
combination with radiation for cancer treatment,
but results are not yet published [186].
Additionally, after combination therapy of irra-
diation and CTLA-4 blockade [187], lung metas-
tasis was inhibited in a mouse 4Tl primary
mammary carcinoma. Recently, Vanpouille-Box
et al. suggested that, in patients who did not
respond to treatment with immune-checkpoint
inhibitors, local tumor irradiation may induce
tumor-specific CTLs [188]. Clinical studies of
combination therapies with anti-CTLA-4 anti-
bodies, such as ipilimumab, demonstrated tumor
regression and improved overall survival, primar-
ily in patients with melanoma but also with lym-
phoma, prostate, or renal cancer [189—-194].

Taken together, these preclinical and clinical
data illustrate that radiotherapy, alone or in com-
bination with other therapies, effectively stimu-
lates the immune system to fight tumor
development. This occurs by facilitating antigen
presentation and processing, causing the release
of TAAs; increasing production of inflammatory
cytokines, chemokines, and receptors involved in
recruitment of effector CTLs; and thus enhancing
migration of these active effector CTLs to the
tumor site.

5.3.1.2 Blockade of Endothelin
Receptors

Various studies demonstrated that endothelial
cells from a variety of human cancers overex-
press the ET1 receptors. Blocking these receptors
seems a promising strategy to delay tumor devel-
opment or stop tumor cell proliferation. In a
mouse HPV-induced cervical carcinoma model,
blockade of ETAR caused inhibition of tumor
growth [165], mediated by an increase in T-cell
homing to the tumor site. Moreover, ICAM-1
downregulation, as an effect of ETBR interaction
with ET1 [163], is rescued by administration of
BQ-788, an ETBR small molecule inhibitor
[149]. Neutralization of ETBR by administration
of BQ-788, suppressed intercellular communica-
tion and growth of melanoma cells in nude mice
[165] and significantly increased T cell homing
to tumors [149, 163]. In fact, selective ETAR

blockade by atrasentan showed delayed progres-
sion of hormone-refractory prostate adenocarci-
noma [195], enhanced the effect of paclitaxel/
docetaxel treatment in prostate cancer [196], and
increased the overall survival of patients with
chronic lymphocytic leukemia B [197].

5.3.1.3 Taxane-Based Chemotherapy

Conventional chemotherapy is considered to act
through direct killing of tumor cells or by irre-
versible tumor growth arrest. Most chemothera-
peutics interfere with cellular processes, such as
DNA synthesis and replication, or lead to specific
cell cycle arrest through microtubule disruption
and apoptosis induction [198]. Originally, tax-
anes (e.g., paclitaxel, docetaxel) have been cate-
gorized as a class of chemotherapeutic drugs
which block tumor development upon induction
of mitotic inhibition through disruption of micro-
tubule functionality. Other studies suggested
additional antitumor mechanisms, such as bind-
ing to and blocking the functions of the antiapop-
totic molecule Bcl-2 expressed on the surface of
tumor cells, thus inducing programmed cell death
[199]. More recently, the idea of chemotherapeu-
tic agents, including taxanes, as enhancers of
effector CTL homing into the tumor site came
into place. The immunomodulatory effects of
chemotherapy span both the innate and the adap-
tive immune systems, highlighting the enhanced
potential of chemotherapy in combination with
immunotherapy [198]. For example, treatment
with the angiogenesis inhibitor paclitaxel resulted
in an increased infiltration of circulating effector
T cells into the tumor site, in a human xenograft
mouse model [200]. Additionally, paclitaxel ther-
apy is associated with tumor regression through
direct stimulation of TAM cytotoxicity [201] or
indirect activation of DCs, NK, and tumor-
specific CD8* T cells via IL-12, TNF-a, and
iNOS secretion by TAMs [202]. Taxanes also
promote antigen presentation in murine bone
marrow (BM)-DCs and human monocyte-
derived DCs (moDCS) in vitro via upregulation
of costimulatory molecules and IL-12p70 [203,
204]. Additionally, paclitaxel specifically impairs
the viability and the cytokine production of
FOXP3* Tregs [205]. On the other hand,
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docetaxel induces maturation of DCs in vitro
[206] and selective killing of MDSCs in vitro and
in vivo [207, 208].

5.3.1.4 Antibody-Mediated Targeting
of Effector CTLs

Monoclonal antibody therapy is a method com-
monly used to functionally inactivate or deplete
suppressive immune populations such as MDSCs
or Tregs, as discussed below. However, various
studies using bispecific monoclonal antibodies
suggest that they can also exhibit antitumor ther-
apeutic potential. These antibodies are artificial
proteins composed of fragments of two distinct
monoclonal antibodies that can bind to two dif-
ferent types of antigens. In cancer immunothera-
pies, they are engineered to simultaneously bind
to a CTL and a tumor cell. Several examples
include engagement of CD3, CD28, or CD137
receptors [209] on the T cells and various tumor
cell markers, such as epithelial adhesion mole-
cule, and human epidermal growth factor recep-
tor expressed on the tumor cell [210]. Different
studies have shown the therapeutic potency of
these strategies in vitro [211] and in vivo [209,
210, 212-214].

5.3.2 Strategies Targeting
the Activity of Effector T Cells

Enhancing intratumor homing of immune effec-
tor cells will most likely not be sufficient for an
effective tumor control, as cells that migrate to
the tumor site are often anergic or dysfunctional.
As addressed above, multiple mechanisms within
the tumor microenvironment, involving a diver-
sity of immunosuppressive cell populations (e.g.,
MDSCs, TAMs or Tregs), negative regulatory
factors (e.g., CTLA-4, PD-1, PDL-1), as well as
cytokines and enzymes (e.g., TGF-p and IDO),
have been implicated in generating this immune
suppressive tumor microenvironment.

To increase the efficacy of immunotherapies
and rationally develop novel strategies which
enhance the activity of intratumor effector T
cells, both inhibition of tolerance mechanisms
and restriction of tumor-induced immune sup-

pression should be targeted. To effectively target
the above-described negative regulatory mecha-
nisms, several strategies have been studied. An
overview of the immunotherapeutic interventions
that are most widely studied preclinically as well
as in clinical trials will be addressed.

5.3.2.1 Circumventing Activity
of Suppressive Immune
Populations: Depletion or
Inactivation Therapy
One commonly used mechanism to target innate
as well as adaptive antitumor immunity is manip-
ulation of the immune suppressive functions of
MDSCs, Tregs, or TAMs. A more intrusive alter-
native, however extremely efficient, is depletion
of suppressive immune populations. Different
depletion methods, with specificity for the tar-
geted immune population at hand, have been
developed.

There are several ways to specifically target
and deplete intratumoral MDSCs [215]. Studies
using an engineered RNA aptamer that targets
IL4 receptor alpha (IL4Ra), upregulated on
MDSCs of tumor-bearing mice, showed delayed
tumor growth, enhanced T-cell infiltration, and
MDSC apoptosis [216, 217]. This strategy may
have promising results, since ILRa expression is
also elevated in MDSCs in human tumors [218].
Another way to deplete MDSCs is with broad-
spectrum tyrosine kinase inhibitors, such as suni-
tinib [219]. In the TC-1 cervical cancer mouse
model, combinations of sunitinib with a cancer
vaccine targeting tumor cells expressing the E6,7
oncoproteins of HPV, resulted in MDSC deple-
tion and led to enhanced E7-specific CTL fre-
quencies and subsequent tumor eradication [220].
Consistent to this, sunitinib also induced reversal
of Treg elevation, significant reduction of IL4
production, and increased frequencies of IFN-y-
producing T cells [219, 221]. Sunitinib is capable
of inducing selective MDSC apoptosis, up to
50%, in patients with metastatic renal cell carci-
noma, thus representing one of the most promis-
ing drugs for reducing tumor-induced immune
suppression [219, 222]. Treatment with chemo-
therapeutic agents and cytostatic drugs such as
5-fluorouracil [223, 224] or gemcitabine [225,
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226], as well as novel strategies, like peptibodies
[227], have also been described to deplete
MDSCs.

Another immune suppressive population that
has been intensively targeted for improving anti-
tumor responses is Tregs. To date, several meth-
ods to deplete Tregs have been developed.
Depletion of CD4*CD25* Tregs by monoclonal
antibody therapy has been achieved in both
tumor-bearing mice as well as in clinical trials
[228, 229]. Selective depletion of FoxP3* Tregs
in transgenic DEREG (depletion of regulatory T
cells) mice, in combination with therapeutic
immunization against melanoma, greatly
enhanced the antitumor effect [230]. However,
the potency of a combination of immunization
and Treg depletion depends not only on the
involvement of Tregs in the tumor model studied
but also on the level of Treg induction or activa-
tion in the immunization strategy. For example,
depletion of Tregs by treatment with an anti-
folate receptor 4 antibody did not enhance the
immune response induced by immunization with
the recombinant viral vector vaccine Semliki
Forest virus encoding for the early HPV viral
proteins E6 and E7 (SFVeE6,7) in a mouse model
of cervical carcinoma [231]. In the clinical set-
ting, a potent method to deplete Tregs by target-
ing their high CD25 expression is by employing
the immunotoxin denileukin diftitox (Ontak™
Ligand Pharmaceuticals), which is approved for
clinical use in the treatment of cutaneous T-cell
lymphoma [232]. In combination with immuni-
zation, it has also been used for treatment of other
types of tumors [233]. Daclizumab (Hoffman-La
Roche) is another anti-CD25 agent, previously
used in patients with T-cell leukemia [234] and,
more recently, in combination with a peptide vac-
cine for treatment of metastatic breast cancer
[235] and ovarian cancer [236]. However, anti-
CD25 antibodies can also target activated CD25*
effector T cells. Alternatives that circumvent this
disadvantage are the use of novel antibodies with
human specificity such as anti-glucocorticoid-
induced TNF receptor antibodies, or low doses of
Treg-depleting cyclophosphamide [237].

Regarding TAMs, selective depletion can be
achieved by different approaches, such as

blockade of TAM chemoattractant chemokines
(e.g., blockade of CCL-2 with the inhibitor
molecule bindarit [238] or immunization with
a legumain-based minigene DNA vaccine
[239]). Notably, the most efficient depletion
method in animal models involves the usage of
clodronate liposomes. Clodronate liposomes
are artificial spheres formed by dispersion of
phospholipid molecules into an aqueous solu-
tion of clodronate bisphosphonate.
Intraperitoneal or subcutaneous administration
of clodronate liposomes induced efficient
depletion (75-92%) of TAMs in different
murine tumor models [240-244]. Furthermore,
selective depletion of TAMs is promoted by
IL-15 and or TGF-a in human primary colorec-
tal adenocarcinomas [245]. In other studies,
IL-15 has been shown to reverse T-cell anergy
and to rescue the tolerant phenotype of CD8+
T cells [246]. Several other pharmacological
drugs, such as zoledronic acid and sorafenib,
may also deplete TAMs and enhance the antitu-
mor responses [247]. Yet it should be noted
that nonselective depletion of TAMs also
results in the depletion of tumoricidal macro-
phages, whereby any beneficial effect can be
counteracted. Novel strategies that repolarize
the protumoral M2-like TAMs to cytotoxic
M-like macrophages should be considered.

5.3.2.2 Immunostimulatory Cytokines:
Cytokine Therapy

In addition to the above-discussed IL-15, various
other cytokines are viewed as promising immune-
restorative drugs. IL-7, a survival cytokine cru-
cial for T-cell development in the thymus and
survival of naive and memory T-cell homeostasis
in the peripheral tissues [248], increases the num-
bers of peripheral CD4* and CD8" T cells in
patients [249, 250]. IL-12, a cytokine naturally
produced by DCs, is a potent immune adjuvant
promoting IFN-y release from immune cells and
thus inducing Thl polarization and proliferation
of antitumor effector T cells [251], with encour-
aging results in preclinical studies on diverse
mouse tumor models, including thyroid cancer,
bladder cancer, metastatic breast carcinoma, and
glioma [252-254].
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5.3.2.3 Blockade of Negative
Regulatory Factors: Antibody
Therapy

Antibody therapy against developing tumors has
been employed in the clinics for many years and
belongs to the category of “molecular targeted
therapy” of cancer. Despite the emergence of a
large palette of anticancer monoclonal human-
ized or chimeric antibodies (MABs), only a small
number are approved for patient use by the Food
and Drug Administration (FDA). Among them,
trastuzumab (Herceptin) is a humanized MAB
targeting ERGR activity, specific for HER-2/neu-
positive breast cancer and metastatic gastrointes-
tinal cancers [255-257]. Another successful
example of MABs is Rituximab (Rituxan), a
human/murine MAB targeting CD20 for B-cell
lymphoma, lymphocytic leukemia, but also auto-
immune diseases [258, 259]. Due to their low
toxicity profile and capacity to activate several
distinct host effector mechanisms [260], these
monoclonal antibodies are seen as very promis-
ing anticancer drugs. The mechanisms mainly
employed by these antibodies are direct interfer-
ence with tumor cell progression and cell-
mediated cytotoxicity by ligation of Fc receptors
expressed on the surface of different immune
cells [261].

The blockade of PD-1/PD-L1 interaction by
several immune checkpoint inhibitors is currently
being used for a wide range of solid and non-
solid cancers [262] and has so far exhibited dura-
ble responses without serious toxicity in the
majority of treated patients. The magnitude of
clinical responses achieved with checkpoint
inhibitor therapy implies that patients can have
preexisting tumor-specific T cells that can be
reactivated by blocking the PD-1/PD-L1 interac-
tion. Another antibody that has been approved for
treatment of late stage melanoma is ipilimumab
(Yervoy), a human monoclonal antibody directed
against the CTLA-4 expressed on activated T
cells, as discussed above. Due to its capacity to
inhibit this negative signaling pathway and con-
tribute to restoration of the antitumor antigen-
specific immune response, anti-CTLA4 is
nowadays used as a novel therapy for solid
tumors [15]. Recently, PD-1 blockade has been

shown to increase the induction of effector T
cells in the spleen, prolong T-cell proliferation,
and enhance recruitment of effector T cells to
tumor sites. In multimodality therapy regimens,
PD-1 blockade increased therapeutic efficacy of
total body irradiation and DC transfer therapy
[263]. Also, antibody blockade of LAG-3 in two
murine models of self and tumor-tolerance
increased the accumulation and effector function
of antigen-specific CD8* T cells [264]. Thus,
combination of MAB therapy against PD-1 or
LAG-3 with immunization strategies has been
recently demonstrated to restore the functions of
tolerized antigen-specific CD8" T cells [265].
Several clinical trials are currently ongoing to
evaluate responses in patients with cancer fol-
lowing anti-PD-L1 treatment [266-269]. Several
approaches have been employed to induce high
avidity effector T cells in an attempt to target the
inhibition of tumor-induced tolerance. One such
approach involves blockade of TGF-B-induced
signaling that has pleiotropic functions in tumor
initiation, development, and metastasis. Since
cancer cells display dysregulated TGF-f signal-
ing, TGF-B inhibitors act on TGF-f-responsive
cells (e.g., fibroblastic, endothelial, and immune
cells) in the tumor microenvironment. In a xeno-
graft mouse model of prostate cancer, transfer of
tumor-reactive, TGF-f-insensitive CD8* T cells
led to a 50% decrease in average tumor weight,
when compared with tumors of mice which
underwent transfer of naive CD8" T cells [270].
Also, monoclonal antibodies against TGF-p,
which are nowadays evaluated in clinical trials,
seem to be very promising antitumor candidates
as they present little systemic toxicity [271].
Clinical results of TGF-f inhibition in a phase II
study performed in hepatocellular carcinoma
patients are promising [272]. Additionally, radio-
therapy and chemotherapy can induce TGF-f
activity, and combined TGF-f inhibition
enhances tumor sensitivity to chemotherapy and
radiotherapy [273]. Another approach aimed at
manipulating TGF-f to improve antitumor
immune responses involves generation of TGF-
p-insensitive DC vaccines. Transduced DCs,
which have been rendered insensitive to TGF-p,
maintain their normal phenotype, present
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upregulated expression of surface co-stimulatory
molecules (CD80/CD86), and induce potent
tumor-specific cytotoxic T-lymphocyte responses
in vivo [274].

Another target for antibody therapy is the
costimulatory molecule CD40 expressed on vari-
ous APCs and tumor cells. CD40 binds to CD40L
expressed on T helper cells, resulting in APC
activation as indicated by HLA classs II upregu-
lation and IL-2 production [275, 276]. Agonistic
antibodies against CD40 and/or CD40L tested in
clinical trials seem to have a promising therapeu-
tic potential [277].

5.4 Concluding Remarks

In the last few decades, major progress has been
achieved within the field of cancer immunother-
apy, highlighting the underlying therapeutic
potential. However, despite the clinical success
of antibody therapies against immune check-
points, especially in the context of CTLA-4 and
PD-1/PD-L1 axis blockade, still only a subset of
patients shows sustained responses. This illus-
trates the complexity of tumor immunity and the
interplay between antitumor responses, immune
tolerance, and immune suppression within the
tumor microenvironment. For cancer immuno-
therapy to be effective, sufficient homing and
activation of antigen-specific immune effector
cells in the tumor and suppression of immune-
suppressive mechanisms is pivotal. This calls
for multimodality treatment regimens to achieve
long-term tumor regression. A desirable, highly
effective immunization strategy should there-
fore accomplish two purposes. On the one hand,
it should aim at increasing both the recruitment
of antigen-specific effector T cells to the tumor
site and their intratumor arrest for the time nec-
essary to exert their antitumor activity. For this
purpose, combinations of immunization regi-
mens with ways to enhance homing of immune
effector cells to the tumor site, such as local
tumor irradiation, endothelin B receptor block-
ade, antibody-mediated targeting of effector
CTLs, or taxane-based chemotherapy, could be
promising strategies. On the other hand, only

targeting the homing of vaccine-induced effec-
tor T cells to the tumor site might not be enough.
We may speculate that once these cells have
reached the tumor, they can be anergized or
tolerized by diverse immune-suppressive mech-
anisms developed by the tumor itself or by sec-
ondary immune-suppressive populations. To
counteract this effect, strategies that aim at
maintaining or potentiating the activity of these
intratumor antigen-specific effector T cells,
such as depletion or functional inhibition of
immune-suppressive populations, or blockade
of negative regulatory factors are necessary.

Concluding, the development of new multi-
modality strategies in which immunization thera-
pies are combined with effective antitumor
immunological or conventional approaches
aimed at increasing homing of immune effector
cells to tumors and their intratumor activity is of
crucial importance and represents the next step
forward in cancer immunotherapy.
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6.1 Introduction lance theory alone is not sufficient to explain the

In 1957, Thomas and Burnet proposed the immu-
nosurveillance theory, contending that the
immune system is continuously patrolling, rec-
ognizing, and eliminating individual or groups of
transformed cells [1]. This theory together with
the identification of tumor-associated antigens
(TAAs) led to much of the work in cancer vac-
cines to date. Based on this theory, it stands to
reason that if the immune system has failed to
recognize or mount a sufficient immune response
to cancer, thus allowing a cancer to grow until it
is clinically evident, stimulating the immune sys-
tem sufficiently against the cancer could correct
the immune system’s failings and destroy the
cancer. While there is considerable data in sup-
port of this theory, a number of discrepancies
have also been noted. Most notably, athymic
nude mice, which are T-cell deficient, and immu-
nosuppressed individuals (transplant patients) do
not develop neoplasms that are not virally linked
at rates much drastically higher than their immu-
nocompetent counterparts [2, 3]. While better
models have since confirmed the role of the
immune system in protecting against cancer
development, it is clear that the immunosurveil-

role of immune systems in cancer development.
Active immunotherapy for cancer based on
the immunosurveillance understanding of cancer
has, for the most part, been characterized by
promising preclinical and early phase trials with,
ultimately, disappointing clinical results in later
phase trials [4]. Vaccination techniques have
focused on stimulating the immune system by
exposure to single or multiple tumor-associated
antigens with immunoadjuvants such as cyto-
kines (GM-CSF, IL-2) or toxins. While a variety
of different techniques have been tried, with the
exception of sipuleucel-T, a cancer vaccine
approved for treatment of metastatic prostate
cancer, these techniques have largely proven
insufficient to overcome the local and systemic
immunosuppression of advanced cancer in order
to achieve a clinically significant improvement
[5]. Historically, various types of active immuno-
therapy have shown excellent results in eradicat-
ing or preventing tumors in relevant murine
models. In early phase clinical trials, active
immunotherapies have generally had minor,
well-tolerated toxicity profiles and shown prom-
ising immunologic results; however, these have
not translated to clinically meaningful endpoints
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when tested in larger-scale controlled trials. As
noted above, an exception to this is the sipuleu-
cel-T vaccine, which demonstrated significant
benefit in overall survival in castrate-resistant
prostate cancer (CRPC) in two phase III trials
and has been FDA approved based on these
results [5, 6].

The immune system-cancer interaction is now
recognized to be more complex than once imag-
ined. The cumulated results of experimental evi-
dence have led to the “immunoediting theory,” a
modification of the previous immunosurveillance
theory that explains how immunocompetent indi-
viduals develop cancer and how the immune sys-
tem can help shape the biologic activity of the
cancers themselves. The theory proposes that
cancer proceeds though three phases: elimina-
tion, equilibrium, and escape. The elimination
phase describes the recognition and elimination
of nascent cancer cells as in the immunosurveil-
lance theory. The equilibrium phase is a period
where the cancer cells that avoid immune destruc-
tion are held at bay by the immune system and
which, through selective pressure (immunoselec-
tion), can change the cancer’s phenotype into a
less immunogenic and more tolerance-inducing
tumor. The escape phase describes the setting in
which cancer cells have evolved to evade immune
pressure and can replicate to become a clinically
apparent neoplasm [7].

Cancer avoids immune destruction in the
equilibrium phase and then is able to enter the
escape phase through multiple mechanisms that
have become increasingly well characterized.
Cancer cells can escape immune detection by
downregulating production of TAAs or the major
histocompatability (MHC) complexes that the
antigens are presented on [8, 9]. Tumor tissue can
promote lymphocyte anergy, or unresponsiveness,
by downregulating necessary co-stimulatory sig-
nals, which are necessary for functional lympho-
cyte activation, or upregulating coinhibitory
signals, which are necessary for preventing auto-
immunity. Tumors, through contact-mediated and
soluble signals, recruit and cause proliferation of
inhibitory cell populations such as regulatory T

lymphocytes (Tregs), tolerogenic dendritic cells,
and  myeloid-derived suppressor  cells.
Additionally, tumors alter the cellular microenvi-
ronment through secretion of inhibitory cyto-
kines and metabolic byproducts, all of which
hamper effective immune response [10].

Given our increased understanding of how
tumor cells actively inhibit and escape host
immunity and the disappointing results of most
cancer vaccine therapies, it has become increas-
ingly clear that these failures do not stem from
lack of ability to stimulate an appropriate immune
response but rather from the inability of the
immune response to overcome immunosuppres-
sive mechanisms. In other words, regardless of
how many stimulated, cancer-specific effector
cells are created with a given vaccine, if the cells
are rendered ineffective in the “immunoedited”
tumor microenvironment, ultimately the therapy
will fail [11]. A large amount of research effort is
underway to identify, characterize, and target
cancer escape mechanisms in hope of delivering
more effective immunotherapeutic treatments.

As mentioned earlier, one major mechanism
of immune resistance is through multiple costim-
ulatory and inhibitory receptor-ligand combina-
tions (immune checkpoints) that create a context
for the effector and target cell (or antigen-
presenting cell) interaction. Multiple immune
checkpoints have now been identified and have
been found to play an integral role in cancer
escape (Fig. 6.1). Blockade of two of these
checkpoint pathways, CLTA-4 and PD-1/PD-L1,
has led to commercially available therapeutic
drugs in patients with multiple different types of
malignancy. Many other immunomodulatory
checkpoints are being actively investigated and
will, in all likelihood, lead to further therapeutic
options for patients with cancer. In addition, the
potential for combination therapy with multiple
checkpoints targeted (such as CTLA-4, PD-1,
PD-L1) or together with standard therapies or
cancer vaccines remains great. This chapter will
review the role of therapeutic checkpoint targets
to overcome tumor-mediated immune suppres-
sion through targeted checkpoint modulation.
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Fig. 6.1 Multiple
immunomodulatory
coinhibitory and
costimulatory receptor-
ligand pairs have been
identified (although not
all are depicted here).
These pathways set the
immunologic context
when an antigen is
presented on a T-cell
receptor (TCR) to a
major histocompatibility
(MHC) complex

6.2 Neoantigens: Targets

for the Immune System

With the development of multiple commercially
available checkpoint blockade drugs, consider-
able research has been devoted to determining in
which tumor types and in which clinical setting
the drugs are beneficial. With this new focus, fac-
tors that make certain tumors more immunogenic
are becoming clearer. All malignancies that
become clinically apparent are able to evade
immune destruction, but this is often due to
immunosuppressive factors (rather than lack of
immunogenicity of the tumor itself) that can be
countered with checkpoint inhibitors and, poten-
tially, other immunostimulatory drugs in devel-
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opment. Neoantigens are unique antigens
generated from gene mutations during neoplastic
transformation. Each neoantigen produced repre-
sents a potential target for the host immune sys-
tem to differentiate the tumor from normal tissue.
However, not all neoantigens are inherently
immunogenic. It is presumably a matter of chance
whether the mutations a tumor acquires produce
neoantigens immune system is capable of recog-
nizing and targeting. As a consequence, in gen-
eral, tumors with a higher mutational load, such
as melanoma, NSCLC, and microsatellite unsta-
ble tumors, are more likely to respond to check-
point inhibitors [12—-17]. However, this is not
entirely predictive as tumors with relatively lower
somatic mutations (HCC, clear cell carcinoma)
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have shown benefit, albeit with lower response
rates, to checkpoint inhibitor therapy [18].
Checkpoint inhibitors allow the ineffective
immune responses to be more effective (but there
has to be an immune response to begin with),
illuminating why checkpoint inhibitors are not
effective in all patients.

At this time, there are five checkpoint inhibi-
tors approved by the US Food and Drug
Administration for a variety of cancers, including
ipilimumab (melanoma), pembrolizumab (mela-
noma, non-small cell lung cancer [NSCLC], head
and neck squamous cell cancer, classical
Hodgkin’s lymphoma [cHL], urothelial carci-
noma, microsatellite instability [MSI]-high colon
cancer, gastric cancer), nivolumab (melanoma,
NSCLC, renal cell carcinoma [RCC], cHL, MSI-
high colon cancer, hepatocellular carcinoma
[HCC]), atezolizumab (urothelial carcinoma,
NSCLC), avelumab (Merkel cell carcinoma
[MCC], urothelial carcinoma), and durvalumab
(urothelial carcinoma) [19].

6.3  Cytotoxic T-Lymphocyte-
Associated Antigen-4 (CTLA-
4): The First Checkpoint
Pathway to Demonstrate

Clinical Benefit

Cytotoxic T-lymphocyte-associated antigen-4
(CTLA-4, CD152) was the first recognized inhib-
itory immune checkpoint molecule [20, 21].
CTLA-4 is the target of the first FDA-approved
checkpoint-targeting drug, ipilimumab. During
the development of CTLA-4 blocking monoclo-
nal antibodies (mAb), much has been learned
about dosing, toxicity, combination therapy, and
tumor response that are now and will continue to
be useful as other immune checkpoint therapies
are developed.

6.3.1 CTLA-4 Function

When CTLA-4 (CD152) was first reported in
1987, it was presumed to play a role in control-
ling T-cell activation given its close sequence
homology with CD28, its proximity to CD28 on

chromosome 1, and its expression on cytotoxic T
lymphocytes (CTLs) coinciding with T-cell acti-
vation [20]. The first CTLA-4~~ knockout mice,
created in the mid-1990s, confirmed that CTLA-4
played a key role in T-cell homeostasis as the
mice quickly succumbed to polyclonal lymphop-
roliferative disease characterized by massive
expansion of activated T cells [22]. Since then, it
has become clear that CTLA-4 functions as a
negative counterpart to CD28, the required
costimulatory signal for the activation and expan-
sion of T cells.

For T lymphocytes to be activated, an antigen-
specific T-cell receptor (TCR) must bind to an
MHC complex containing the appropriate pep-
tide in its binding grove. While this is necessary,
it is not sufficient to complete activation. A num-
ber of additional regulatory pathways have since
been elucidated that closely control T-cell activa-
tion to ensure appropriate, directed immune
responses under normal circumstances. Among
these pathways, co-stimulation with CD28 (on
the T cell) binding to B7-1 (CD80) or B7-2
(CD86) on the antigen-presenting cell (APC) is
perhaps the most important and best known. B7-1
and B7-2 are expressed on APCs and are typi-
cally upregulated after activation [23, 24].

As a competitively binding counterpart to
CD28, CTLA-4 is an inhibitory checkpoint mol-
ecule expressed on activated T cells and constitu-
tively expressed on regulatory T cells (Treg) [21].
After TCR-antigen-mediated activation of T lym-
phocytes, expression of CTLA-4 on the cell
membrane increases dramatically. CLTA-4 sup-
presses immune activation through multiple
pathways, and the relative importance of each in
overall immune homeostasis and in disease-
related autoimmunity and immune suppression is
not clear [25].

The CTLA-4 receptor controls effector
T-lymphocyte activation by competitive binding
with CD28 as well as through internal and
external signaling. CTLA-4 binds the same
ligands as CD28 (B7-1 and B7-2) but with 20 to
100 times greater avidity and can accommodate
two ligands, whereas CD28 can only bind one
[26-28]. CTLA-4 appears to blunt T-cell
responses by not only competitively binding the
CD28 ligands, B7-1 and B7-2, but also by recep-
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tor-mediated induction of cell cycle arrest,
decreasing production of IL-2, limiting T-cell
dwell time, and enhancing Treg function, among
other mechanisms [29]. There is evidence that
competitive binding of B7-1 and B7-2 by
CTLA-4 remains the most important function in
counteracting CD28-mediated T-cell stimula-
tion, as treatment of CLTA-4-deficient mouse
models with CTLA-4-immunoglobulin fusion
protein (CLTA-4Ig) can abrogate the lymphop-
roliferative autoimmunity which would other-
wise be fatal [30]. Additionally, the singular
importance of B7-1 and B7-2 in these pathways
is demonstrated by the fact that mice deficient in
CTLA-4 as well as B7-1 and B7-2 do not dem-
onstrate lymphoproliferative autoimmunity [31].
Unlike CD28, which has some level of constitu-
tive expression on most T cells, CTLA-4 is only

T cell
Activation

T cell
Inactivated

CTLA4

Resting
T cell

5 APC

expressed in significant quantity on effector T
cells after activation. CTLA-4 reaches a maxi-
mal expression level as long as 48 h after the T
cell is activated serving as a negative feedback
loop to turn off or prevent an overly robust
immune response as well as to prevent autoim-
munity (Fig. 6.2) [27, 32].

In addition to directly and indirectly inhibiting
effector T-lymphocyte activation and prolifera-
tion, CTLA-4 interacts with Tregs in a manner
important to its overall function. As previously
stated, CTLA-4 is expressed at some constitutive
level on Treg cells, and higher levels of expres-
sion may be rapidly mobilized from an intracel-
lular source [25]. The exact role that
Treg-mediated immune suppression plays in the
overall context of CTLA-mediated immune con-
trol is not entirely clear. There is evidence from

T cell
Remains Active

Ipilimumab

Fig. 6.2 Mechanism of action of CTLA-4 in suppressing activated T cells and proposed mechanism of action for

ipilimumab
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lymphocytes treated with anti-CTLA-4 monoclo-
nal antibodies (mAbs) in vitro, which suggests
that CTLA-4 blockade mediates the immune sys-
tem by both direct activation of effector T lym-
phocytes and Treg depletion, dependent on the
mAD subtype and its ability to stimulate antibody-
dependent cytotoxicity (ADCC) [33, 34].

The important role of CTLA-4 in Treg homeo-
stasis and immune control has become clear in
multiple experiments. Treg-mediated CLTA-4
inhibits B7-1 and B7-2 expression on dendritic
cells [35]. Murine models with CTLA-4-deficient
CD4+* FOXP3* (Treg) lymphocytes developed
lymphoproliferative disease [35]. Additionally,
CTLA-4 plays an active role in Treg homeostasis
as blocking the receptor with anti-CTLA-4 mAbs
leads to a rapid proliferation in peripheral Treg
cells [36-38]. This action is thought to be due to
CTLA-4 counteraction against CD28-stimulated
proliferation of Tregs as blocking both CTLA-4
and CD28 leads to a contraction in the periph-
eral Treg population [24, 36]. However, expan-
sion of Tregs with CTLA-4 blockade does not
appear to lead to increased Treg function [39].
Similarly, in murine organ transplant models,
deficiency of CD28 or both B7-1 and B7-2 leads
to a significant decrease in the Treg population;
however, the mice get paradoxical acceleration
of graft rejection inversely proportional to the
Treg level [39].

As work progresses in deciphering the mecha-
nisms of the CTLA-4 receptor’s complex interplay
within broader immune homeostasis, the CTLA-4
receptor remains an active target of investigation
for modulating the immune system for therapeutic
purposes. The identified roles that CTLA-4 plays
in human disease are substantial and ever-grow-
ing. There is evidence that CTLA-4 polymor-
phisms plays a role in autoimmune conditions
such as type 1 diabetes, thyroiditis autoimmune
hypothyroidism, and Graves’ disease [40—43].

6.3.2 Tremelimumab
Tremelimumab (formerly CP-675, 206, ticilim-

umab, previously licensed to Pfizer, New York,
NY, now licensed to AstraZeneca, London, UK)

is another humanized anti-CTLA-4 mAb that has
been evaluated in human clinical trials [29, 44].
Tremelimumab is an [gG2 antibody that, similar
to ipilimumab, blocks the binding site of CLTA-4.
It has a longer half-life of approximately 22 days
compared to 12—14 days for ipilimumab [44]. In
vitro testing of tremelimumab revealed enhanced
T-cell activation, demonstrated by increased
cytokine production. Based on this, as well as ini-
tial experience with ipilimumab, the drug pro-
ceeded with human trials.

The first dose escalation phase I trial of treme-
limumab enrolled metastatic melanoma (n = 34),
renal cell carcinoma (n = 4), and colon cancer
patients (n = 1). The trial did note dose-limiting
autoimmune toxicity, but determined that the
drug was tolerated up to 15 mg/kg in a single
dose. The trial also noted complete or partial
response in 4 of the 29 patients with measurable
melanoma [45]. Ongoing evaluation of tremelim-
umab is occurring in a phase II hepatocellular
carcinoma study in combination with durvalumab
(NCT02519348).

A phase I/II trial further evaluated dosing in
metastatic melanoma patients and recommended
dosing at 15 mg/kg every 3 months for further
study given equivalent efficacy and better safety
to more frequent dosing [46]. A subsequent
single-arm, phase II trial of tremelimumab was
conducted in 251 patients with relapsed or
refractory metastatic melanoma. Patients were
treated with tremelimumab at 15 mg/kg every
90 days (as recommended in the previous trial)
for 4 doses and allowed up to 4 additional doses
in patients with a tumor response or stable dis-
ease. The trial revealed an objective response
rate of 6.6%. The trial reported an overall OS of
10.0 months, which is comparable with what
was found in the previously described phase III
trial of ipilimumab in similar patients. Serious
adverse events (>grade 3) were seen in 21% of
patients [47].

The phase III trial of tremelimumab mono-
therapy in treatment-naive unresectable stage II1
or stage IV melanoma began enrolling in March
2006. Patients were randomized to receive treme-
limumab at 15 mg/kg every 90 days until symp-
tomatic disease progression or standard-of-care
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chemotherapy (temozolomide or dacarbazine)
for 12 weeks or until disease progression. The
primary end-point was OS. The trial was termi-
nated by the data safety monitoring board at the
second interim analysis (after two-thirds of
planned events had occurred) because the test
statistic crossed the prespecified futility bound-
ary [48]. Survival follow-up continued after the
trial was stopped. At final analysis, the median
overall survival was 12.6 months in the tremelim-
umab arm compared to 10.7 months in the che-
motherapy arm (p = 0.127). Objective response
rates were similar in both arms (10.7% vs. 9.8%,
respectively). Grade 3 or 4 adverse events
occurred in 52% of tremelimumab patients com-
pared to 37% of chemotherapy patients [49].
More recent work has suggested that the lack of
tremelimumab efficacy may stem from the fact
that it is an IgG2 isotype mAb, thus less able to
produce reduction in intratumoral Tregs than ipi-
limumab, an IgG1 mAb [34]. Despite its lack of
proven effect in this trial, tremelimumab remains
under active investigation in other patient popula-
tions (discussed further below).

6.3.3 Toxicity

As previously described, CTLA-4 blocking anti-
bodies can lead to unique, immunologic toxici-
ties termed “immune-related adverse events”
(irAEs) through nonspecific activation of the
immune system. While the majority of these are
minor and manageable, they occur relatively fre-
quently, particularly at higher doses and can be
severe. In the first phase III trial of ipilimumab,
with treatment at 3 mg/kg, 14 patients (2.1%)
receiving ipilimumab died from causes deemed
treatment-related, with 7 of the deaths were from
irAEs [50]. In a pooled analysis of 325 patients
treated with ipilimumab at 10 mg/kg every
3 weeks for 4 doses, 72.3% experienced irAEs
and 25.2% were >grade 3 [51]. In the phase III
trial combining ipilimumab with dacarbazine for
treatment naive melanoma, 56.3% of patients in
the combination arm experienced grade 3 or 4
adverse events. The most frequent irAEs are of
the skin, gastrointestinal tract, liver, and endo-

crine system. These adverse events tend to occur
at predictable times after receiving CTLA-4
blocking antibodies [51].

Skin toxicity is the most frequent irAE in
some series, with roughly half of the patients
receiving ipilimumab experiencing some form
of rash. The rashes can typically be managed
with symptom control and topical medication
until they become more severe when systemic
steroids and/or withholding or discontinuing
treatment may be necessary. There are rare
reported cases of toxic epidermal necrolysis that
have been fatal [52].

Diarrhea is another frequent adverse event
seen in CTLA-4 blockade treatment, occurring in
between 32.8% and 51% of patients in phase III
trials of ipilimumab and tremelimumab [49, 50,
53]. Severe diarrhea, colitis, and perforation are
less common but can occur. Like skin toxicity,
initial management is symptomatic. A high
degree of suspicion for colitis with a low thresh-
old for endoscopic evaluation is necessary for
more severe (>grade 2) diarrhea. The diagnosis
of colitis or grade 3 or higher diarrhea necessi-
tates more aggressive treatment with fluid
replacement, systemic steroids, and treatment
cessation. Infliximab treatment has been effective
for severe colitis. A high index of suspicion for
perforation with involvement of gastroenterology
and surgery is also warranted in these cases [52].

Hepatotoxicity is seen less frequently (3-9%)
with CTLA-4 blocking antibodies but can be
severe. In general, liver function tests should be
followed during treatment, and >grade 3 hepato-
toxicity requires systemic treatment with sys-
temic steroids and occasionally mycophenolate
mofetil along with drug cessation [51].

Endocrine toxicities consist of hypophysitis
and, less frequently, autoimmune thyroid
dysfunction and  adrenal insufficiency.
Hypophysitis appears to occur in less than 5% of
cases but typically has permanent sequelae and
can lead to life-threatening adrenal insufficiency
if not properly recognized and managed.
Suspicion for hypophysitis should lead to pitu-
itary MRI and laboratory testing. Treatment con-
sists of systemic steroids and withholding
CTLA-4 blocking treatment. Monitoring of
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serum chemistries and thyroid function panels is
recommended with ipilimumab treatment [54].

Other less frequent irAEs seen with CTLA-4
blocking therapies include episcleritis, uveitis,
pancreatitis, neuropathies, and lymphadenopa-
thy. Screening for a history of autoimmune dis-
ease and consideration of risk factors and
expected benefits are recommended given the
potential for serious toxicity with CTLA-4 block-
ing antibodies. National Comprehensive Cancer
Network (NCCN) guidelines recommend partici-
pation in a risk evaluation and mitigation strategy
(REMS) program when using ipilimumab [55].

Interestingly, multiple phase I and II trials of
ipilimumab have noted a higher rate of clinical
response in patients with irAEs and, in particular,
grade 3 and 4 irAEs [52, 56-62]. A similar cor-
relation was not addressed in the phase III trials
of CLTA-4 blockade antibodies, and further eval-
uation may help clarify this as well as the under-
lying mechanisms.

6.4 Programmed Death 1 (PD-1)
Pathway
6.4.1 Function

Programmed death 1 (PD-1) is a more recently
discovered immune checkpoint receptor that has
generated considerable excitement based on
favorable preclinical profiling and initial clinical
results. PD-1 was first discovered in 1992 by sub-
tractive mRNA hybridization in an attempt to
identify genes involved in programmed cell death
[63]. Its protein structure was deduced based on
the mRNA sequence obtained; however, its func-
tion remained unclear until PD17~ knockout
mice were noted to develop lupus-like autoim-
mune disease [64]. At that time, it was correctly
suspected that PD-1 played a role in inducing
peripheral tolerance.

Since its discovery, the function and signifi-
cance of PD-1 has become more clear [65]. Like
CTLA-4, PD-1 is a transmembrane protein
expressed on effector immune cells [66]. Also
like CTLA-4, expression of PD-1 is inducibly
expressed with lymphocyte activation, although

it is expressed more broadly than CTLA-4 as it is
also found on activated B lymphocytes and NK
cells [67-69]. PD-1 is bound principally by pro-
grammed death ligand 1 (PD-L1, B7-H1) but
also, to a lesser degree, by programmed death
ligand 2 (PD-L2, B7-DC) [70]. PD-L1 is consti-
tutively expressed in certain tissues such as lung
and placental macrophages [71]. Its high level of
expression in the placenta has been implicated in
mediating maternofetal tolerance [72, 73]. PD-L1
expression can also be induced on a broad range
of hematopoietic, endothelial, and epithelial tis-
sues in response to proinflammatory cytokines,
such as interferon, GM-CSEF, IL-4, and IL-19 [67,
74-77]. PD-L2 expression is more limited as it is
inducibly expressed on dendritic cells, macro-
phages, and mast cells [71].

The PD-1 receptor pathway is an important
negative regulator of the immune system. PD-1
appears to play a role primarily in dampening
immune response in the setting of peripheral
inflammation as opposed to CTLA-4, which
plays a greater role in regulating T-cell activation
[71]. As mentioned before, PD-1 knockout mice
helped initially reveal the function of PD-1. The
initial B6-PD-1""~congenic mice developed vary-
ing degrees of autoimmune arthritis and glomer-
ulonephritis by 6 months of age and exaggerated
inflammatory response to infection, in contrast to
CTLA-4 knockout mice who die of diffuse lym-
phoproliferative disease shortly after birth [22,
64, 78]. Remarkably, later PD-17~ knockout
mouse models (BALB/c-PD-17"- and
MLR-PD-17") developed fatal autoimmune
dilated cardiomyopathy early in life due to pro-
duction of autoantibodies [79, 80]. In contrast,
mice deficient in PD-L1 do not manifest autoim-
munity, but can have increased accumulation of
CD8* lymphocytes in the liver and increased
tissue destruction with experimental autoimmune
hepatitis [81].

Ligation of PD-1, which again is found pri-
marily on immunologic cells, counters CD28-
mediated signaling through multiple mechanisms.
PD-1 is phosphorylated upon ligand engagement,
initiating a cascade of intracellular events [82,
83]. PD-1 signaling decreases the production of
several proinflammatory cytokines such as IFN-
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v, TNF-a, and IL-2 [71]. It may also serve to
retard cell activation mediated via CD28 and
IL-2. PD-1 ligation has also been implicated in
inhibiting transcription factors and initiation of
several cell death pathways [84-86]. Importantly,
PD-1 and its ligands also appear to play a role in
shifting lymphocyte response from activation to
tolerance when exposed to antigens, an attribute
that is particularly significant for cancer immu-
notherapy [87]. Interestingly, PD-L1 was discov-
ered to function not only as a ligand for PD-1 but
also as a receptor bound by B7-1 (CD80) capable
of delivering an inhibitory signal [88]. This find-
ing not only demonstrates the complexity of lym-
phocyte regulation but suggests that blockade of
these molecules could result in functionally dif-
ferent outcomes [78].

The PD-1 and PD-L pathways have been
implicated in a variety of human diseases. Higher
than normal expression levels of PD-1 and single
nucleotide polymorphisms of PD-1 have been
implicated in multiple autoimmune diseases such
as systemic lupus erythematosus, Sjogren’s dis-
ease, type 1 diabetes, and rheumatoid arthritis. As
such, this pathway remains an active therapeutic
target in these conditions [65]. In infectious dis-
eases, the PD-1 and PD-L pathways play an
important role in preventing unnecessary
immune-mediated tissue destruction and have
also been implicated in preventing the clearance
of chronic viral, bacterial, and parasitic infec-
tions [71, 89].

6.4.2 PD-1Pathway in Cancer

Just as the PD-1 pathway plays a central role in
tolerance of chronic infections, it also appears to
have a primary role in cancer tolerance and
immune escape. PD-1 ligand expression, particu-
larly of PD-L1 expression, has been demon-
strated at various levels on a large variety of
human cancer tissues. Higher expression of
PD-L1 on tumor cells is associated with worse
prognosis, more aggressive features, and/or resis-
tance to immunotherapy in the large majority of
cancers in which it has been characterized [90—
101]. However, in some cases higher expression

appears to have little influence on prognosis, as
was found in NSCLC, and has even been associ-
ated with a more favorable prognosis, as found in
colorectal cancer without mismatch repair
(MMR) deficiency [102, 103]. CD8*" tumor-
infiltrating lymphocytes (CD8* TILs) have been
noted to have high levels of PD-1 expression in
many cases; nonetheless, correlation between
PD-L expression and prognosis is mixed [97,
102, 104, 105]. Circulating NK cells in cancer
patients have been noted to express PD-1, while
healthy control NK cells do not [106].
Furthermore, preclinical data demonstrates that
increasing tumor expression of PD-L1 makes it
less susceptible to immunotherapy, while block-
ing it increases its vulnerability to immune-
mediated destruction [107-110].

Some of the differences observed in tumor
PD-L1 expression and correlation with cancer
prognosis may be due to tumor-host interaction.
Two recent studies examining human melano-
cytic lesions and colorectal cancer found a strong
positive correlation between tumor PD-L1
expression and patient survival, in contrast to the
majority of tissue types previously examined.
However, in addition to this, higher PD-L1
expression was associated with both increased
tumor infiltrating lymphocytes and interferon
gamma (INF-y) levels or gene expression in the
tumor microenvironment [103, 111]. In these
cases, the higher levels of PD-L1 expression
may be in response to INF-y signaling, as
observed in normal human tissue [112, 113].
Thus, upregulation of PD-L1 expression may
represent an adaptive tumor response to tumor-
specific immunity, termed “adaptive resistance.”
[111, 114] The effective host immune response
may explain the more favorable outcomes
observed in these patients. Other evidence impli-
cates different transcriptionally related onco-
genic pathways in the upregulation of PD-I,
which may or may not be related to external
inflammatory signaling [92]. The adaptive resis-
tance hypothesis may help further explain how
tumors are able to escape immune stimulation
from active immunotherapy and lead to blockade
of the PD-1 pathway of particular therapeutic
interest.
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6.4.3 PD-1Blockade

In preclinical studies with murine cancer models,
anti-PD-1 and anti-PD-L1 blockade demon-
strated antitumor effect as monotherapy and aug-
mented the effects when given comitant with
cancer vaccination [115-120]. Similarly, ex vivo
blockade of PD-1 or PD-L1 improved the ability
of human lymphocytic function against tumor
tissue in multiple studies [107, 121-123]. Based
on the functional importance of PD-1 in cancer as
well as promising preclinical therapeutic results,
several blocking mAbs have proceeded to human
clinical trials.

6.4.4 Nivolumab

Nivolumab (MDX-1106, BMS-936558, Bristol-
Myers Squibb, New York, NY) is a fully human-
ized IgG4 mAb that binds to PD-1, blocking its
binding site. It was initially tested in a phase I,
dose escalation trial on 296 patients with heavily
pretreated advanced melanoma (n = 104),
colorectal cancer (n = 19), CRPC (n = 17),
NSCLC (n = 122), and renal cell carcinoma
(n = 34). Nivolumab was given at 0.3, 1, 3, or
10 mg/kg in six patient cohorts followed by
expansion cohorts at 10 mg/kg. Patients were ini-
tially given a single dose and allowed additional
doses if they demonstrated clinical benefit; how-
ever, the trial transitioned into a phase Ib where
patients were dosed every 2 weeks and reassessed
every 8 weeks. Treatment was continued for up to
96 weeks or until disease progression or com-
plete response. Overall, treatment with nivolumab
was better tolerated than treatment with CTLA-4
blocking antibodies with no maximum tolerated
dose achieved. Only 14% experienced serious
(>grade 3) drug toxicity, leading to the discon-
tinuation of therapy in only 5%. There were drug-
related adverse events in 41% and serious
drug-related adverse events in 6% of patients that
were likely irAEs, including pneumonitis, diar-
rhea, colitis, hepatitis, hypophysitis, and vitiligo.
Pneumonitis, which occurred in 3% of patients,
is of special interest, since it was not typically
seen with CTLA-4 blocking mAbs and led to

only three treatment-related deaths [124]. This
toxicity may be secondary to constitutive expres-
sion of PD-L1 in alveolar macrophages.

Nivolumab treatment demonstrated substan-
tial antitumor effect, with partial or complete
responses (by RECIST criteria) observed in
patients with melanoma, NSCLC, and renal cell
carcinoma but not colorectal cancer or
CRPC. Responses were observed across various
doses at rates of 19—41% in melanoma, 6-32% in
NSCLC, and 24-31% in renal cell carcinoma.
One patient with melanoma and one with renal
cell carcinoma had complete response to treat-
ment. Responses tended to be durable with over
half of melanoma and renal cell responses lasting
for greater than 1 year. In addition, disease stabil-
ity and mixed response (as described in irRC)
were observed in a substantial portion of patients.
Further analysis of PD-L1 expression from 61
patients who had pretreatment specimens avail-
able demonstrated an objective response in 36%
of tumors expressing PD-L1 and none in PD-L1-
negative tumors [124].

This data raises the possibility that PD-L1
could serve as a biomarker for response to ther-
apy, an idea that is being actively investigated.
PD-L1 has been shown to be a prognostic bio-
marker in the tumor cells of head and neck squa-
mous cell cancer [125]; however, a recent review
indicates that PD-L1 expression alone is insuffi-
cient for patient selection for most malignancies,
both as monotherapy and combination therapy
[126]. Another group showed the association
between the mutational load of >100 non-
synonymous somatic mutations or neoantigens
and ipilimumab or tremelimumab therapy with
long-term clinical benefit in patients with
advanced melanoma [127]. Another study in
melanoma patients showed an association
between that same mutational load and clinical
benefit (complete or partial response or stable
disease with overall survival longer than 1 year).
Interestingly, only 0.04% of the identified anti-
gens were present in more than one patient who
showed clinical benefit, suggesting that most
neoantigens associated with immunotherapy suc-
cess are patient specific. Most recently, however,
a systematic review and meta-analysis of 6664
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patients found that PD-L1 expression was predic-
tive of favorable response across tumor types
including non-small cell lung cancer, melanoma,
bladder cancer, renal cell carcinoma, gastro-
esophageal cancer, head and neck cancer, merkel
cell carcinoma, and small cell lung cancer (OR
2.26, 95% CI, 1.85-2.75, p < 0.001), with the
greatest effect observed in non-small cell lung
cancer, where quantitative PD-L1 testing is now
recommended prior to treatment (OR 2.51, 95%
CI 1.99-3.17, p < 0.001) [12, 127].

Nivolumab has now been approved by the US
Food and Drug Administration for use in humans
in multiple cancer types. It was first approved in
2014 for patients with unresectable or metastatic
melanoma and disease progression following ipi-
limumab and a BRAF inhibitor if applicable.
Approximately 1 year later, nivolumab was
approved for metastatic squamous and nonsqua-
mous NSCLC with progression on or after
platinum-based chemotherapy, unresectable or
metastatic melanoma in combination with ipilim-
umab in BRAF V600 wild-type patients, and
renal cell carcinoma in patients who received
prior antiangiogenic therapy. In 2016, approval
was granted for classical Hodgkin lymphoma
(cHL) that progressed after hematopoietic stem
cell transplantation and recurrent or metastatic
head and neck squamous cell carcinoma that pro-
gressed on or after platinum-based chemother-
apy. To date, additional approvals have been
granted in locally advanced or metastatic urothe-
lial carcinoma on or following platinum-based
chemotherapy, adult and pediatric microsatellite
high (MSI-H) or mismatch repair-deficient meta-
static colon cancer that has progressed following
chemotherapy, and HCC in patients previously
treated with sorafenib [17, 19, 128-134].

6.4.5 Pembrolizumab

Pembrolizumab (Keytruda, Merck, Whitehouse
Station, NJ) is a humanized monoclonal antibody
that binds to PD-1 and blocks interaction with
PD-L1 and PD-L2. At this time, it is FDA
approved in patients with unresectable or meta-
static melanoma, select NSCLC, recurrent head

and neck squamous cancer, refractory cHL,
locally advanced or metastatic urothelial carci-
noma, and select gastric cancers. Most notably,
pembrolizumab has received a broad indication
for all adults and pediatric MSI-H or mismatch
repair deficient solid tumors who have progressed
following prior treatment, and colorectal cancer
that has progressed following chemotherapy.

Deserving special mention is the first-of-its-
kind MSI-H, and mismatch repair deficient
(dMMR) indication was obtained in five uncon-
trolled, open-label, multi-cohort, multicenter,
single-arm trials®, known respectively as
KEYNOTE-016, —164, —012, —028, —158. A
total of 149 MSI-H or dMMR patients met inclu-
sion criteria, and 98% had metastatic disease.
Most had received two or more prior therapies.
Patients received either 200 mg every 3 weeks or
10 mg/kg every 2 weeks. The majority (60%) of
patients had colorectal cancer, and the remainder
consisted of multiple solid tumors most com-
monly endometrial, biliary, and gastric/GE junc-
tion tumors. The overall response rate was 39.6%
(95% CI 31.7-47.9), with 78% of patients dem-
onstrating a durable response at 6 months [19,
135-140].

6.4.6 PD-L1Blockade

Initial results of the PD-1 pathway blockade are
very encouraging. The findings of objective clini-
cal responses of up to 41% of subgroups of patients
with nivolumab and relatively high response rates
in NSCLC, a disease historically resistant to
immunotherapy, are unprecedented in cancer
immunotherapy. Additionally, lower rates of toxic-
ity, in particular, serious irAEs, compared to
CTLA-4 blockade have given hope that this path-
way will yield more widely applicable and better-
tolerated therapies. Much work remains and is
currently in progress to bring these therapies into
general clinical use. Determination of optimal
dosing, duration of treatment, and the subsets of
patients who benefit from treatment are all under-
way. As with CLTA-4 blockade, preclinical data
supports a possible synergistic effect when PD-1
pathway blockade is combined with other cancer
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treatments such as chemotherapy, radiation, and
immunotherapy; this deserves and is receiving fur-
ther investigation [107, 119, 121, 141]. As these
investigations move forward, one area of particu-
lar interest will be whether PD-L1 expression on
tumors continues to serve as a reliable biomarker
for predicted therapeutic benefit, thus increasing
the ever-growing trend of more personalized, tai-
lored treatment for individual tumors.

6.4.7 Atezolizumab

Atezolizumab is an Fc-engineered, humanized,
monoclonal antibody that binds to PD-L1, block-
ing its interaction with PD-1 and B7-1 receptors.
It is now FDA approved in patients with unresect-
able or metastatic urothelial carcinoma who are
not eligible for platinum-based chemotherapy or
who progressed on such therapy and metastatic
NSCLC with progression on or after platinum-
based chemotherapy. The urothelial carcinoma
indication was granted accelerated approval in
2015 based on early-phase results in 310 patients
who had disease progression after platinum-
based therapy. Compared to historical controls
with a 10% overall response rate, an objective
response rate of 15% with a median follow-up of
11.7 months was achieved. In addition, increased
levels of PD-L1 expression on immune cells were
associated with increased response [142—145].

NSCLC approval was based on two random-
ized, open-label clinical trials (POPLAR and
OAK) where atezolizumab 1200 mg IV every
3 weeks was compared with docetaxel and an
overall survival benefit of 2.9 months in POPLAR
at a median survival of 12.6 months and
4.2 months in OAK at a median survival of
13.8 months [144, 146].

6.4.8 Durvalumab

Durvalumab (MEDI-4736) was recently approved
for locally advanced or metastatic urothelial car-
cinoma who progressed after platinum-based che-
motherapy. It was approved under accelerated
approval based on a phase I/II open-label study in

182 patients who had disease progression on or
after platinum-based chemotherapy and received
durvalumab 10 mg/kg IV every 2 weeks for
12 weeks. 31 patients (17%) demonstrated clini-
cal responses, with 5 complete responses at a
median follow-up of 5.6 months [147].
Additional approval has been granted for
patients with unresectable stage IIl NSCLC with-
out disease progression following platinum-
based chemotherapy and radiation. This approval
was granted based on the PACIFIC study, a mul-
ticenter, randomized, double-blind, placebo-
controlled study enrolling 713 patients who had
completed at least two cycles of platinum-based
chemotherapy and definitive radiation. Patients
who received durvalumab demonstrated a statis-
tically significant overall response rate of 28.4%
compared to 16% in the placebo group
(»p < 0.001), with a longer median duration of
response in the durvalumab group (72.8% vs.
46.8% had an ongoing response at 18 months
post-randomization). Median progression-free
survival was 16.8 months for durvalumab versus
5.6 months for placebo (95% CI 4.7-7.8) [148].

6.4.9 Avelumab

Avelumab is another PD-L1 blocking antibody
that received accelerated FDA approval in 2017
for metastatic Merkel cell carcinoma in adults
and children age 12 and older. This approval was
granted based on a prospective, open-label, phase
II trial in patients with stage IV, chemotherapy-
refractive Merkel cell carcinoma who were given
avelumab 10 mg/kg every 2 weeks. 88 patients
received at least one dose, and 28 (32%) patients
achieved an objective response (20 partial, 8
complete) at a median follow-up of 10.4 months
[149, 150].

6.5 Immune-Related Response

Criteria

Initial WHO response criteria and later RECIST
criteria, which have undergone many revisions
over the years, were developed to identify and
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Table 6.1 Comparison of World Health Organization (WHO) and immune-related response criteria (irRC) for tumor

response

Word Health Organization (WHO) Immune-related response criteria (irRC)

CR Disappearance of all lesions in two observations at Disappearance of all lesions in two
least 4 weeks apart observations at least 4 weeks apart

PR >50% decrease in SPD of all index lesions in the >50% decrease in total tumor burden in two
absence of progression of nonindex lesions or new observations at least 4 weeks apart
lesions in two observations at least 2 weeks apart

SD <50% decrease compared to baseline and <25% <50 decrease compared to baseline and
increase compared to nadir measurements of the SPD  <25% increase compared to nadir
of index lesions, in the absence of progression of
nonindex lesions or new lesions

PD >25% increase in SPD compared with nadir or >25% increase in tumor burden compared to

progressions of nonindex lesions or appearance of

new lesions

nadir in two observations at least 4 weeks
apart

CR complete response, PR partial response, SD stable disease, PD progressive disease, SPD sum of the products of the

largest dimensions of lesions

standardize definitions of tumors responsive to
cytotoxic therapy and not as a surrogate for sur-
vival [151]. They have been used in early phase
clinical trials as a surrogate for response to ther-
apy. The use of these criteria assumes that
tumors will shrink or stabilize at the outset of
therapy. Tumor growth or the appearance of new
metastases constitutes progressive disease and,
therefore, lack of response. In immunotherapy
trials, including those evaluating ipilimumab, it
has been shown that tumors often progress or
remain stable before responding, therefore mak-
ing RECIST criteria less helpful in predicting
treatment response. Based on these observa-
tions, new immune-related response criteria
(irRC) were proposed (Table 6.1). The new cri-
teria do not necessarily consider the appearance
of new lesions or growth of isolated lesions as
progressive disease but, instead, consider over-
all tumor burden. Based on retrospective obser-
vations of 487 metastatic melanoma patients in
three phase II trials of ipilimumab at 10 mg/kg
dosing, 9.7% of treated patients initially classi-
fied as progressive disease under WHO criteria
later had evidence of response to therapy. In ret-
rospective reclassification by irRC, response to
therapy appears to correlate better with overall
survival than WHO criteria [152]. Immune-
related response criteria have been used along-
side WHO criteria in multiple ipilimumab trials
since it was first introduced [153, 154]. Further
prospective validation will be needed to deter-

mine to what degree it correlates with overall
survival.

CTLA-4 Blockade
Monotherapy

6.6

Two mADbs, ipilimumab and tremelimumab, were
developed in parallel. The therapies underwent
phase III trials that ultimately led to approval for
ipilimumab for treating metastatic melanoma and
showed disappointing results for tremelimumab.

6.6.1 Ipilimumab

Based on the work in murine models, fully
humanized IgG1 CTLA-4 mAbs were created by
Medarex Inc. (Princeton, NJ; purchased by
Bristol-Myers Squibb, New York, NY, in 2009)
using a transgenic hybridoma HuMAb mouse
model. The proprietary mouse model has multi-
ple genetic modifications designed to facilitate
production of high-avidity human IgG mAbs
[155]. The mAb used for initial in vivo testing
was selected based on affinity and specificity for
CTLA-4 as well as ability to block the binding
site. The antibody, called 10D1 (later designated
MDX-010 and ipilimumab), also had cross-
reactivity with macaques monkey CTLA-4. It
was initially tested in this setting where it was
shown to increase antibody response to hepatitis
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surface antigen as well as a human melanoma
cell vaccine. Additionally, the macaques did not
demonstrate polycolonal T-cell activation or
autoimmunity [156]. Based on this work, ipilim-
umab proceeded with human trials.

6.6.1.1 Ipilimumab in Uveal
Melanoma

Uveal melanoma is a rare cancer that, like cuta-
neous melanoma, shares melanocyes as the cell
of origin but has different pathogenesis and clini-
cal behavior. Similar to melanoma, it has a very
poor prognosis when it has metastasized (typi-
cally to the liver) and is resistant to systemic che-
motherapy [156, 157]. Three open-label,
multicenter, single arm phase II trials have been
conducted using ipilimumab in uveal melanoma.
The GEM-1 trial enrolled 32 patients treated
with 10 mg/kg ipilimumab. At a median follow-
up of 5.5 months, 13 patients had evaluable
responses, with 1 having a partial response
(7.7%) and 6 having stable disease (46.2%)
[158].

The DeCOG treated 53 pretreated and
treatment-naive patients with metastatic uveal
melanoma with ipilimumab at a dose of 3 mg/
kg. Overall, they reported a relatively disap-
pointing median progression-free survival
(2.8 months) and overall survival (6.8 months)
[159].(NCT01585194). The GEM-1402 trial is a
phase I/1I trial looking at ipilimumab in combi-
nation with nivolumab in the adjuvant setting
for high-risk uveal melanoma after completion
of standard treatment. In an interim analysis, it
showed progression-free survival of 4.99 months
at a median follow-up of 4.6 months
(NCT02626962).

6.6.2 Phase lll Trials of Checkpoint
Inhibitors in Melanoma

The first phase III study of ipilimumab, spon-
sored by Bristol-Meyers Squibb, began enrolling
patients in September 2004. The trial enrolled
676 HLA-A*0201* patients with pretreated,
unresectable stage III or IV melanoma. The
patients were randomized 3:1:1 to receive either

ipilimumab with gp100 peptide vaccine, ipilim-
umab alone, or gp100 alone. The gp100 peptide
had demonstrated effectiveness in previous phase
IT trials in melanoma, particularly when com-
bined with ipilimumab [56-58, 160]. Ipilimumab
was dosed at 3 mg/kg every 3 weeks for four
doses. Patients were not routinely offered main-
tenance therapy; however, those who progressed
after responding to therapy or who had stable dis-
ease after 12 weeks were allowed “reinduction”
therapy. The primary endpoint of the trial was
OS. The trial demonstrated an OS benefit in all
patients who received ipilimumab (median OS:
10.0 months for ipilimumab with gpl00,
10.0 months for ipilimumab alone, and
6.4 months for gp100 alone; p < 0.003). There
was no difference in survival in patients who
received ipilimumab with gpl100 and those who
received ipilimumab alone. There were four
cases of complete responses and multiple cases
of long-term disease control in patients who
received ipilimumab. Approximately, 60% of
patients treated with ipilimumab experienced
some irAE, with the rates of serious irAEs
(=>grade 3) of 10-15% in the ipilimumab groups
[50]. Of the 31 patients who met criteria for and
received “reinduction” therapy (progression after
complete or partial response or stable disease),
19% achieved a complete or partial response and
68% achieved disease control with similar toxic-
ity to the original induction therapy [161]. Based
on this study, ipilimumab achieved FDA approval
at a dose of 3.0 mg/kg to treat unresectable stage
IIT and stage IV melanoma.

When ipilimumab was approved for therapy,
it generated considerable interest because it rep-
resented a therapeutic success for nonspecific
immunostimulation, a new modality in cancer
treatment. In addition to this, it raised hope for
future successes for cancer immunotherapy, par-
ticularly coming on the heels of the FDA
approval of another cancer immunotherapy, sip-
uleucel T (Provenge; Dendreon, Seattle, WA),
the first therapeutic cellular immunotherapy to
prove effective in phase III trials [5, 6]. It gave
hope to clinicians treating and patients with met-
astatic melanoma, as this was the first therapy to
show an overall survival benefit in a randomized,
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phase III trial for metastatic melanoma [162].
Significant questions remain and are currently
under evaluation regarding the treatment of
melanoma with ipilimumab. As discussed previ-
ously, a randomized, double-blind phase II trial
comparing the dosing of ipilimumab demon-
strated the superiority of 10 mg/kg dosing over
3 mg/kg dosing (used in the phase III trial and
currently approved) in pretreated patients [163].
This data was not available at the initiation of the
phase III trial.

The randomized, double-blind, multicenter
phase III trial comparing 10 mg/kg versus 3 mg/
kg ipilimumab in 727 patients with previously
untreated or previously treated unresectable stage
III/TV melanoma without previous treatment with
BRAF inhibitors or immune checkpoint inhibi-
tors showed a significant overall survival advan-
tage with 10 mg/kg therapy over 3 mg/kg therapy
(15.7 vs. 11.5 months, p = 0.04). The 10 mg/kg
group did demonstrate a higher frequency of
treatment-related adverse events and adverse
events leading to discontinuation [164].

An additional question raised by the previous
trials is the duration of treatment. Many of the
previous phase II trials included maintenance
dosing every 3 months after completion of the
“induction” phase [52, 153, 163, 165]. The phase
IIT trial of ipilimumab monotherapy applied a
somewhat different approach, using “reinduc-
tion” therapy, in which the patients were redosed
every 3 weeks for four doses if they had evidence
of progression after initial response to treatment.
Both long-term dosing schedules appear to be
well tolerated. It remains to be seen if one is
clearly superior. Ipilimumab monotherapy in
metastatic melanoma has largely been replaced
by combination therapy of ipilimumab with PD-1
inhibitors pembrolizumab and nivolumab. Phase
IIT data for pembrolizumab was obtained in the
KEYNOTE-006 study, in which 834 ipilimumab-
naive patients with advanced melanoma were
randomized 1:1:1 to receive pembrolizumab
10 mg/kg every 2 weeks or 3 weeks or four doses
of ipilimumab 3 mg/kg every 3 weeks. In the
final analysis, pembrolizumab in both dosages
provided a superior overall survival to ipilim-
umab at a median follow-up of 22.9 months.

Median overall survival was not reached in either
pembrolizumab group and was 16 months in the
ipilimumab group. Twenty-four month overall
survival was 55% in both the 2 and 3 weeks pem-
brolizumab dosing group and 43% in the ipilim-
umab group [138, 166]. In addition,
patient-reported health-related quality-of-life
scores were superior for patients who received
pembrolizumab [167].

Nivolumab was evaluated in a phase III trial in
ipilimumab-refractory melanoma patients who
had unresectable or metastatic disease, compar-
ing nivolumab to the investigator’s choice of che-
motherapy. In an analysis after 120 patients were
enrolled in the nivolumab arm, there was an
objective response rate of 31.7% (95% CI 23.5—
40.8%) in the nivolumab arm versus 10.6% (95%
CI 3.5-23.1%) in the chemotherapy arm.
Additionally, nivolumab was associated with
fewer toxic effects than chemotherapy [132].
Another study, known as CheckMate-066, exam-
ined untreated patients in a phase III study in pre-
viously untreated melanoma patients without a
BRAF mutation and compared nivolumab with
dacarbazine. Nivolumab was associated with
improved overall survival at 1 year (72.9% vs.
42.1% respectively, p < 0.001) and progression-
free survival (median 5.1 vs. 2.2 months, respec-
tively, p < 0.001) [134].

6.6.3 Adjuvant Checkpoint
Inhibitors

Ipilimumab was first approved as adjuvant ther-
apy for melanoma due to results from a double-
blind, phase III trial in patients with stage III
cutaneous melanoma after resection, who
received 10 mg/kg ipilimumab or placebo every
3 weeks for four doses and then every 3 months
for up to 3 years.

951 patients were randomized, and median
recurrence-free survival was 26.1 months (95% CI
19.3-39.3) in the ipilimumab group vs. 17.1 months
(95% CI 13.4-21.6) in the placebo group. In
patients who received ipilimumab, 52% discontin-
ued therapy due to adverse events, most commonly
gastrointestinal, hepatic, and endocrine [168].
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Ipilimumab (10 mg/kg) was compared to
nivolumab (3 mg/kg) in resected stage IIIB/IIIC/
IV melanoma patients. 12-month recurrence-free
survival was 70.5% (95% CI 66.1-74.5%) in the
nivolumab group versus 60.8% (95% CI 56.0—
65.2%) in the ipilimumab group. Grades 3 and 4
treatment-related adverse events were signifi-
cantly worse in the ipilimumab group (45.9% vs.
14.4% in the nivolumab group), with two deaths
in the ipilimumab group. The hazard ratio for
death or recurrence favored nivolumab over ipili-
mumab (HR 0.65, 0.51-0.83, P < 0.001) [169].

Pembrolizumab was evaluated in a phase III
double-blind trial in patients with completely
resected stage III melanoma. Patients were ran-
domized to receive either 200 mg pembrolizumab
IV every 3 weeks for 18 doses or placebo.
Pembrolizumab was associated with significantly
longer recurrence-free survival at 1 year, 75.4%
(95% CI 71.3-78.9) versus 61.0% (56.5-65.1)
for placebo. Grades 3-5 trial-related adverse
events were reported in 14.7% that received pem-
brolizumab compared to 3.4% in the placebo
group [170].

Combination therapy involving checkpoint
inhibitors is an active area of study. Recently,
improved survival was observed using ipilim-
umab in combination with nivolumab in late-
stage melanoma [129]. This will be covered in
more detail in a later section.

6.7 Checkpoint Inhibitors

as Combination Therapy

While CTLA-4 blockade, specifically ipilim-
umab, has found success as monotherapy in met-
astatic melanoma, and more trials are underway
to test its effectiveness in a variety of malignan-
cies and different clinical scenarios, its greatest
potential may lie in combining it with other anti-
neoplastic agents. The hope is that by combining
CTLA-4 blocking therapy with other antineo-
plastic therapies that carry different toxicity pro-
files, a synergistic effect of the agents will be
achieved. Recognizing these issues, researchers
have been actively pursuing combination therapy
with CTLA-4 blockade since its inception. The

primary areas of research focus on combining
CTLA-4 blockade with chemotherapy, radiation,
surgery, and other immunotherapy.

6.7.1 Checkpoint Inhibitors

and Chemotherapy

Given the known immunosuppressive effects of
most chemotherapeutic agents, it has been
thought that combining chemotherapy with
immunotherapy would be unsuccessful. However,
there is increasing evidence for a possible syner-
gistic role between the two modalities. The
immune system appears to play an important role
in antitumor activity of chemotherapy, an effect
which may be further augmented by immune
checkpoint blockade [171, 172]. In murine mod-
els of mesothelioma, CTLA-4 blockade given
between cycles of chemotherapy has been dem-
onstrated to increase tumor-infiltrating lympho-
cytes and inflammatory cytokines and inhibit
cancer cell repopulation [173]. Additionally, che-
motherapy, when given appropriately, may
enhance the effect of specific immunotherapy
[174]. Evidence from clinical trials reveals that
combining chemotherapy with cancer vaccina-
tion can be more effective than either therapy
alone [175—177]. The mechanisms by which che-
motherapy may increase anticancer immunity
include reduction of immunosuppressive influ-
ences by decreasing tumor mass, inducing the
expression of TAAs on the cell surface, exposing
the immune system to TAAs through cell death,
and “resetting” the immune posture through
depletion of inhibitory cell populations (i.e.,
Tregs and myeloid-derived suppressor cells)
[171]. Indeed, there is growing evidence that the
success of certain chemotherapy regimens is
dependent on the drug’s ability to cause immuno-
genic cell death of tumors, where TAAs are pre-
sented in the appropriate context to elicit a
broader immune response [178]. While this is a
promising area for future development,
clearly the timing of drug administration,
chemotherapeutic regimen used, and dosing are
integrally important to successful application.
Highly dosed cytotoxic treatment has the
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potential to quash a developing therapeutic
immune response. Optimizing these factors will
be necessary in future trials of combining check-
point blockade with chemotherapy.

Clinical trials have been performed combining
chemotherapy with CTLA-4 blockade. A ran-
domized phase II trial testing the combination of
chemotherapy with ipilimumab was conducted in
patients with treatment-naive metastatic mela-
noma. Seventy-two patients with unresectable,
metastatic melanoma were randomized to receive
ipilimumab at 3 mg/kg every 4 weeks for four
doses with dacarbazine compared to ipilimumab
monotherapy. The trial demonstrated an increased
objective response rate (14.3% vs. 5.4%, by
RECIST criteria) and increased median OS (14.3
vs. 11.4 months) for the combination therapy
group, although neither reached statistical signif-
icance due to the smaller number of patients.
Toxicity was higher in the combination group,
including 17.1% > grade 3 irAEs compared to
7.7% in the monotherapy arm [179].

Based on these results, the concept was tested
in a randomized phase III trial evaluating ipilim-
umab with dacarbazine versus dacarbazine alone
[163]. Additionally, based on the results of the
phase II ipilimumab monotherapy trial that
showed a benefit of higher dosing, 10 mg/kg of
ipilimumab was used in combination with dacar-
bazine. Five hundred two patients were enrolled
and randomized 1:1 to receive ipilimumab plus
dacarbazine every 3 weeks for four doses fol-
lowed by dacarbazine every 3 weeks until week
22 or placebo plus dacarbazine at the same sched-
ule. Patients with stable disease or RECIST crite-
ria objective responses were able to receive
maintenance ipilimumab or placebo every
12 weeks. Of note, based on emerging consensus
from previous work with CTLA-4 blockade and
other immunotherapy, the primary endpoint was
changed, with FDA approval, from progression-
free survival to OS prior to unblinding of the
treatment groups or data analysis [152, 180].
Ultimately, the trial showed that patients who
received the combination of ipilimumab with
dacarbazine survived longer (11.2 months) com-
pared to dacarbazine alone (9.2 months,
p < 0.001). The difference became more

pronounced with time, as the combination arm
had 20.8% of patients alive at 3 years compared
to 12.2% in the chemotherapy only arm.
Toxicities were greater in the combination arm
and also greater than in many of the previous ipi-
limumab studies (56% > grade 3), likely second-
ary to the higher dose (10 mg/kg) of ipilimumab
used as well as the addition of chemotherapy.
Interestingly, the toxicity profile was different.
There were lower rates of gastrointestinal toxici-
ties, such as diarrhea and colitis, and endocrine
toxicity but a higher rate of hepatic toxicity com-
pared with previous ipilimumab trials. No
treatment-related death was reported [53].
Differences may reflect the effect of the combi-
nation therapy; however, clinician’s experience
managing the drug may have affected the out-
come as well. Based on the results of this study,
the combination of ipilimumab and dacarbazine
is approved as the first-line therapy for unresect-
able melanoma.

However, the potential for unanticipated tox-
icity exists with combining CTLA-4 blockade,
particularly with other targeted therapies. Initial
results from a phase I study of combination ther-
apy with both ipilimumab (dosed at 3 mg/kg)
and vemurafenib, a BRAF inhibitor approved for
treatment of BRAF-V600E-mutated melanoma,
demonstrated an unacceptably high level of hep-
atotoxicity, leading to early termination of the
trial [181].

Additional trials of combination chemother-
apy and ipilimumab were conducted in patients
with advanced non-small cell lung cancer
(NSCLC) and small cell lung cancer (SCLC).
Advanced-stage NSCLC carries a poor progno-
sis with a median survival of 8-12 months
despite first-line chemotherapy [172, 182]. In a
phase II trial, 204 patients with stage IIIB or IV
NSCLC were enrolled in a randomized, double-
blind trial of ipilimumab plus chemotherapy
(paclitaxel and carboplatin) given concurrently,
ipilimumab plus chemotherapy given phased
with two doses of chemotherapy given prior to
starting ipilimumab and chemotherapy given
together, or placebo plus chemotherapy.
Ipilimumab was dosed at 10 mg/kg every
3 weeks for up to 18 weeks with the option for



6 Overcoming Cancer Tolerance with Immune Checkpoint Blockade

103

maintenance therapy (or maintenance placebo)
every 12 weeks. The primary endpoint was
immune-related  progression-free  survival
(irPFS). The concept of immune-response crite-
ria for immunotherapy in cancer (different from
classic World Health Organization RECIST cri-
teria) came from observations with ipilimumab
and other immunotherapies (discussed further
below) [152]. The trial showed improved irPFS
with phased ipilimumab and chemotherapy
(median: 5.7 months, HR: 0.72, p = 0.05), while
concurrent ipilimumab and chemotherapy did
not reach statistical significance (median:
5.5 months, HR: 081, p = 0.13) compared to the
control regimen (median 4.6 months).
Improvement was also noted in PFS by WHO
criteria (p = 0.02), and an improvement in OS by
3.9 months (p = 0.23) was observed for phased
ipilimumab over chemotherapy alone. Overall
toxicity was similar across the treatment arms;
however, there was more severe toxicity
(grade > 3) in the combination arms. A phase III
trial was conducted using phased ipilimumab
and chemotherapy in patients with squamous
NSCLC, the group that derived the greatest ben-
efit in subset analyses [154]; however, the addi-
tion of ipilimumab to first-line chemotherapy
consisting of paclitaxel and carboplatin did not
prolong OS [183].

A similar phase II trial was conducted in
patients with extensive disease-small cell lung
cancer (ED-SCLC). Chemotherapy remains the
first-line and only effective therapy in this dis-
ease process with a median overall survival of
8—11 months [184]. Eligible patients (n = 130)
were randomized to receive concurrent therapy
with ipilimumab and chemotherapy (paclitaxel
and carboplatin), the phased combination, or
placebo with chemotherapy. In this trial, again
the phased combination of ipilimumab and
chemotherapy was superior with an improve-
ment in irPFS (median: 6.4 months, p = 0.03),
while concurrent therapy did not improve
irPFS (median: 5.7 months, p = 0.11), com-
pared to the control arm (median: 5.3 months).
There was no significant difference in mWHO
PFS or OS. The combination of ipilimumab
plus etoposide and platinum chemotherapy

versus etoposide and platinum alone has been
evaluated in a phase III trial. 954 patients were
randomized with no significant OS benefit
(11.0 vs. 10.9 months), with increased rates of
diarrhea, colitis, and rash in the ipilimumab
group [185].

The combination of ipilimumab has been fur-
ther studied in a phase II trial in prostate cancer.
Forty-three patients with CRPC were random-
ized to receive either ipilimumab monotherapy at
3 mg/kg every 4 weeks for four doses or ipilim-
umab (dosed the same) with a single dose of
docetaxel at the start of therapy. The number of
responses to therapy were small with three
patients having a decrease of >50% in each arm
[186]. However, this study may be limited by
underdosing of both the ipilimumab and
docetaxel, concurrent (instead of phased) admin-
istration of the two drugs, as well as the small
number of patients tested.

The combination of tremelimumab and suni-
tinib, an oral small-molecule tyrosine kinase
inhibitor, was tested in a phase I dose escalation
trial in patients with metastatic renal cell carci-
noma. Unexpectedly, the trial demonstrated a
high (4/28 patients) rate of sudden onset grade 3
renal failure in addition to other toxicity associ-
ated with CTLA-4 blockade. Further testing of
this combination at doses of tremelimumab
>6 mg/kg with sunitinib was not recommended
by the study authors [187].

6.7.1.1 PD-1/PD-L1 Inhibitors
and Chemotherapy

Pembrolizumab in combination with chemother-
apy recently received FDA approved based on
results of a double-blind phase III trial in which
616 patients with metastatic NSCLC without
sensitizing EGFT or ALK mutations with no pre-
vious treatment were randomized to receive
pemetrexed and a platinum-based drug plus
either 200 mg pembrolizumab or placebo every
3 weeks for 4 cycles, followed by maintenance
pemetrexed and pembrolizumab or placebo for
35 cycles. At a median follow-up of 10.5 months,
estimated overall survival at 12 months was
69.2% (95% CI, 64.1-73.8) in the pembroli-
zumab group versus 49.4% (95% CI, 42.1-56.2)
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in the placebo group, corresponding to a hazard
ratio for death of 0.49 (95% CI, 0.38-0.64,
p <0.001). In addition, progression-free survival
was significantly greater in the pembrolizumab
arm: 8.8 versus 4.9 months. Adverse events of
grade 3 or higher were comparable between arms
(67.2% for pembrolizumab vs. 65.8% for pla-
cebo) [188].

There are no current FDA indications for
nivolumab in combination with chemotherapy;
however, multiple clinical trials are evaluating
this (NCT02477826, NCT03101566).

6.7.2 Checkpoint Inhibitors
and Radiation

Much like chemotherapy, there is evidence that
the local and systemic effects of radiation therapy
can increase the effectiveness of immunotherapy,
in general, and CTLA-4 blockade, specifically.
Radiation therapy damages tumor cells that are in
the path of the focused energy, which, like che-
motherapy, can result in cell death and antigen
cross-presentation, leading to an effective, tar-
geted immune response toward remaining tumor
cells [189]. Radiation-induced cell damage may
lead to several cellular changes that promote
effective presentation of TAAs such as the release
of high mobility box group 1 (HMBG1), which
signals migration of immune cells to the tumor
microenvironment, and upregulation of MHC I
complexes, Fas, and ICAM-1, all of which
increase susceptibility to T-cell-mediated death
[189-192]. Additionally, localized radiation does
not typically produce the same level of lym-
phodepletion and immunosuppression associated
with high-dose chemotherapy. As with chemo-
therapy, reduction in the mass of a viable tumor
may help decrease cancer-related immunosup-
pression. All of these factors make the combina-
tion of radiation with immunotherapy appealing
[193]. The concept of combining radiation with
immune checkpoint blockade is particularly
attractive. Unlike more specific, directed immu-
notherapy (cancer vaccines), CTLA-4 blockade
helps overcome cancer immunosuppression, but
ultimately relies on the body’s preexisting immu-

nity toward a neoplasm. Radiation, by damaging
cancer cells and releasing a wide array of TAAs
in an inflammatory context, especially with
immunosuppression checked, may allow the
immune system to mount a response that is
appropriate both for the individual and the tumor.

There is considerable preclinical data that
supports the combination of CTLA-4 blockade
and radiation. In one study, a mouse model of
poorly immunogenic mammary carcinoma, 4T1,
was treated with control IgG, CLTA-4 blocking
IgG (9H10), radiation therapy, or a combination
of 9H10 IgG and radiation. CTLA-4 blockade
alone did not affect tumor growth or mouse sur-
vival. Radiation therapy slowed tumor growth but
did not affect survival. The combination of
CTLA-4 blockade and radiation therapy inhib-
ited metastases and increased survival compared
to the control [193]. Subsequent studies in this
model revealed that treatment with the combina-
tion in mice deficient in invariant natural killer
(NK) T-cell lymphocytes led to an even more
effective response with some mice becoming
disease-free and resistant to tumor rechallenge,
highlighting the important role for this cell type
in regulation of cancer immune responses [194].
Finally, an additional study in TSA mouse mam-
mary carcinoma and MCA38 mouse colon carci-
noma models again demonstrated the
effectiveness of combining radiation and CTLA-4
blocking antibody; moreover, they showed that
the use of a fractionated radiation schedule (but
not single dose radiation) along with CTLA-4
blockade could significantly inhibit tumor foci
out of the radiation field, a phenomenon known
as the abscopal effect [195].

The abscopal effect refers to the regression of
tumors in remote areas following localized radia-
tion of tumors. This phenomenon has been docu-
mented in melanoma, renal cell carcinoma, and
lymphoma [196-198]. Several cases of this
occurrence have been documented in patients
receiving ipilimumab. In one notable case, a
patient with recurrent melanoma with paraspinal,
right hilar lymphadenopathy, and splenic
metastases was enrolled in an ipilimumab mono-
therapy trial in September 2009. She received
treatment at 10 mg/kg dosing per protocol with
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slow progression of her disease over the subse-
quent 15 months. In December 2010, she received
directed, external beam radiation to her symp-
tomatic paraspinal lesion followed by an addi-
tional dose of ipilimumab in February 2011.
Surprisingly, follow-up imaging revealed signifi-
cant regression of metastatic lesions outside the
radiation field, which remained stable at minimal
disease for at least 10 months after her radiation
treatment. Along with this clinical effect, the
patient was noted to have a marked increase in
peripheral antibodies to the tumor antigen
NY-ESO-1, an increase in ICOS"¢" T cells, and a
decrease in myeloid derived suppressor cells
[199]. Similar cases of abscopal regression of
metastatic melanoma in patients on ipilimumab
have since been reported [200].

A phase I/II study examined the effects of ipi-
limumab with radiation therapy (RT) in patients
with metastatic CRPC. Patients were treated with
dose escalation ipilimumab monotherapy (3, 5,
or 10 mg/kg) or ipilimumab (3 mg/kg or 10 mg/
kg) with external beam RT, although the trials
were not designed to directly compare the two
arms. Ipilimumab was given every 3 weeks for a
total of 4 weeks [201]. An overall of 71 patients
were treated; 33 patients were treated in the dose
escalation phase, and the 10 mg/kg arm was
expanded to a total of 50 patients. At the 10 mg/
kg dosing level, 16 were given ipilimumab mono-
therapy and 34 received ipilimumab with radia-
tion. In the 10 mg/kg dosing group, there were
four (25%) PSA declines >50% in the ipilim-
umab monotherapy arm and four (12%) PSA
declines >50% in the ipilimumab with radiation
group; however, a higher proportion of patients in
the monotherapy group were chemotherapy
naive. A phase III trial examining radiation with
ipilimumab compared to radiation alone in
advanced CRPC has not shown a difference in
overall survival [202].

A retrospective study was performed analyz-
ing patients treated with pembrolizumab for
NSCLC on the phase I KEYNOTE-001 study to
determine the effect of previous radiotherapy on
clinical outcomes. Of 98 patients that received
pembrolizumab, 43% received previous radio-
therapy. At a median follow-up of 32.5 months

for surviving patients, progression-free survival
was significantly increased in patients that
received previous radiotherapy (4.4 months;
95% CI, 2.1-8.6) versus no radiotherapy
(2.1 months; 95% CI, 1.6-2.3), corresponding to
a hazard ratio of 0.56 (95% CI 0.34-0.91),
p =0.019. Median overall survival was increased
in patients who received any radiotherapy
(10.7 months; 95% CI, 6.5-18.9) versus no
radiotherapy (5.3 months; 95% CI, 2.7-7.7),
corresponding to a hazard ratio of HR 0.58 (95%
CI10.36-0.94), p = 0.026 [203].

There are no current FDA indications for
PD-1/PD-L1 inhibitors in combination with
radiation; however, multiple clinical trials
are attempting to answer this question
(NCTO02830594 in pembrolizumab,
NCT03148327 in durvalumab).

Combination
Immunotherapy

6.8

Results from trials of CTLA-4 and PD-1 pathway
blocking mAbs as monotherapy or in combina-
tion with conventional therapies are encouraging.
Immune checkpoint blockade has delivered clini-
cal responses in patients with limited or no thera-
peutic options remaining. However, in all of the
immune checkpoint blockade trials covered, only
a minority of patients have responded which is
usually transient. It is true that the vast majority
of the patients treated in these trials have
advanced disease, are immunosuppressed, and
have limited time and options remaining.
Targeting earlier stage disease and combining
immune checkpoint blockade with other thera-
pies will undoubtedly yield more impressive
results. However, it is naive to think that targeting
any one checkpoint will be a ““silver bullet” ther-
apy. Just as cancer, under immunologic pressure,
learns to evade the immune system to become a
clinically evident disease initially, as we modu-
late coinhibitory and costimulatory receptors,
some cancers will adapt to escape through alter-
native pathways. Combining active immunization
(cancer vaccines) with checkpoint blockade may
ultimately prove effective; nonetheless, initial
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results have not been convincing. Other tech-
niques under investigation, targeting multiple
checkpoints simultaneously or in sequence, may
limit the escape routes.

6.8.1 CTLA-4Blockade

and Vaccination

Early on in the development of CTLA-4 blocking
therapy, anti-CTLA-4 antibodies were combined
with cancer vaccines in preclinical models [204]. In
multiple cancer animal models, tumors, which were
poorly responsive to CTLA-4 blocking therapy
alone or active immunotherapy alone, responded
significantly better to the combination of the two
[37,204-216]. These studies have helped elucidate
the function and significance of the CTLA-4 recep-
tor and have led to clinical trials in patients.

Some of the first human trials of ipilimumab
used a combination of peptide vaccines from
gpl100, a tumor-associated antigen expressed by
the majority of malignant melanomas [217].
Gp100 peptides have been shown to be immuno-
genic and elicit an antigen-specific T-cell
response in the majority of melanoma patients
[160]. One peptide, gpl100:209-217(210M),
when combined with IL-2 therapy, has also been
shown in a randomized phase III trial to signifi-
cantly increase clinical response and PFS com-
pared to IL-2 alone in HLA*A0201* metastatic
melanoma patients [218]. Three phase I and II
trials were conducted using ipilimumab com-
bined with gplO0 in unresectable melanoma
patients. While these trials did not directly com-
pare the efficacy of the addition of the peptide
vaccines to ipilimumab monotherapy, they did
show impressive response rates and manageable
toxicity [56-58]. Based on these (and other)
results, ipilimumab proceeded to the phase III
trial comparing ipilimumab monotherapy, ipilim-
umab plus two gpl100 peptides (gp100:209-217
and gpl00:280-288), or the gpl00 peptides
alone. As previously detailed, the trial demon-
strated a survival advantage for ipilimumab ther-
apy but also showed that the addition of the
peptide vaccine to ipilimumab offered no
improvement over ipilimumab monotherapy

[50]. It is not clear why the peptide vaccine did
not prove efficacious in this setting, particularly
given its proven efficacy when given with IL-2
therapy in a similar patient population. There is
speculation that CTLA-4 blockade may augment
CD4* lymphocyte activity more, while gpl100
peptides preferentially generate a CD8* lympho-
cyte response, a hypothesis that has mixed pre-
clinical data to support it. Another proposed
possibility is that the antitumor effect of ipilim-
umab may stem largely from its ability to deplete
intratumoral Tregs, a mechanism which may not
function synergistically with MHC class I pep-
tide vaccination [34]. Certainly, there are other
possibilities to explain the results; further studies
will be necessary to clarify.

Additional trials on combining CTLA-4 block-
ing antibodies with cancer vaccines have been
conducted in melanoma and prostate cancer. In
melanoma, the combination of multiple tumor-
associated antigen peptides (gpl00, MART-1,
tyrosinase) emulsified with immunoadjuvant
(Montanide ISA 51) has been combined with ipi-
limumab in a dose escalation trial [62].
Additionally, in prostate cancer, ipilimumab has
been given in phase I trials in combination with
Tricom-PSA (PROSTVAC; Bavarian Nordic
Immunotherapeutics, Mountain View, CA), a
poxvirus-based vaccine that expresses transgenes
for PSA and costimulatory molecules, and GVAX
(Aduro Biotech; Berkeley, CA, USA), a GM-CSF-
transduced allogenic prostate cancer vaccine [59,
219]. In all of these phase I trials, ipilimumab
combined with cancer vaccination was found to
elicit a cancer-specific immune response, a low
rate of clinical response, and toxicity compared
with ipilimumab monotherapy. Further trials will
be necessary to prove the efficacy of these combi-
nations and multiple other combinations, which
are currently under investigation (NCT01810016,
NCT01302496, NCT01838200).

6.8.2 PD-1/PD-L1 and Vaccination

Nivolumab has been tested in combination with
ISA 101, a synthetic long-peptide vaccine
directed against human papilloma virus (HPV)
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16 in patients with incurable oropharyngeal can-
cer. The phase II trial accrued 22 patients who
received 100mcg/peptide ISA 101 on days 1, 22,
and 50, plus nivolumab 3 mg/kg I'V every 2 weeks
for up to 1 year. Eight patients demonstrated a
clinical response, with two complete responses
and eight partial responses, corresponding to an
overall response rate of 36%, greater than the his-
torical nivolumab monotherapy rate of 16%
[220]. At a median follow-up of 8.6 months,
median progression-free survival was 2.7 months
(95% CI, 2.3-8.0). Median overall survival was
not 