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Chapter 1

Overview of Basic Immunology

and Translational Relevance for Clinical
Investigators

Bettzy Stephen and Joud Hajjar

Abstract Tumor exists as a complex network of structures with an ability to evolve
and evade the host immune surveillance mechanism. The immune milieu which
includes macrophages, dendritic cells, natural killer cells, neutrophils, mast cells, B
cells, and T cells are found in the core, the invasive margin, or the adjacent stromal or
lymphoid component of the tumor. The immune infiltrate is heterogeneous and varies
within a patient and between patients of the same tumor histology. The location, den-
sity, functionality, and the crosstalk between the immune cells in the tumor microenvi-
ronment influence the nature of immune response, prognosis, and treatment outcomes
in cancer patients. Therefore, an understanding of the characteristics of the immune
cells and their role in tumor immune surveillance is of paramount importance to iden-
tify immune targets and to develop novel immune therapeutics in the war against can-
cer. In this chapter we provide an overview of the individual components of the human
immune system and the translational relevance of predictive biomarkers.

Keywords Adaptive - Biomarkers - CTLA-4 - Immune checkpoints - Immunology
- Immunotherapy - Innate - PD-1 - PD-L1 - Resistance - Response - T cells -
Translational

The human immune system is an elaborate and dynamic network of cells that work
together to defend the human body against attacks by foreign agents including
malignant cells. There are two levels of immunity, the innate immunity and the
adaptive immunity. The innate immunity constitutes the first line of defense against
pathogens, which includes the anatomic and physiologic barriers, phagocytic leuko-
cytes, dendritic cells (DC), natural killer (NK) cells, and the circulating plasma
proteins [1]. Elie Metchnikoff, a pathologist and Father of natural immunity, was
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the first to describe the concept of leukocyte recruitment and phagocytosis of micro-
organisms [2]. The adaptive immune system is a more versatile mechanism of
defense provided by the B lymphocytes and the T lymphocytes, which has been
attributed to Paul Ehrlich, the physicist who described the side-chain theory of anti-
body formation [3]. The innate and adaptive immune systems are distinct but inter-
active components of the human immune system that collectively contribute to the
defense operations against foreign proteins [4]. In this chapter we will discuss the
fundamental components of the immune system and their development, how innate
immunity interfaces with adaptive immune responses to eliminate tumor cells, and
the development of immunotherapeutic strategies to combat cancer.

Innate Immune System

An association between inflammation and tumorigenesis has long been described,
but has been established with turn of the century [5]. The human body is constantly
exposed to a highly diverse world of foreign proteins every day, which are rapidly
eliminated in a normal healthy individual by the components of the innate immune
system. Speed is the essence of innate immune response; however, they are non-
specific in nature, of limited duration, and lack immunologic memory [6].
Traditionally, the cellular components of the innate immune system, which includes
the macrophages, neutrophils, eosinophils, basophils, mast cells, NK cells, and
DCs, are associated with elimination of microbial agents and activation of the more
efficient, antigen-specific adaptive immune response in the event of failure [4, 6].
And, the humoral elements of the innate immune system that includes the comple-
ment proteins and C-reactive protein are considered as a regulator of inflammatory
process [4]. However, accumulating evidence suggests that the innate and adaptive
immune system, triggered by the tumor antigens, play a significant role in the rec-
ognition and elimination of malignant cells as well [7]. In the process, several nox-
ious reactive chemicals, cytokines, and chemokines are released, which damages
the surrounding healthy tissue [8]. The inflammatory microenvironment also
induces genomic instability and enhances rate of molecular alterations [9]. The
resultant process of repeated cell renewal and proliferation sets the stage for chronic
inflammation that produces a microenvironment conducive for malignant transfor-
mation of cells [10]. For this reason tumors are sometimes described as “wounds
that do not heal” [11].

Cellular Components of the Innate Immune System

All the cells of the immune system originate from the pluripotent hematopoietic
stem cells (HSCs) in the bone marrow. The HSCs divide to produce the common
lymphoid progenitor (CLP) and the common myeloid progenitor (CMP) cells. The
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CLP give rise to the T and B lymphocytes that are responsible for adaptive immu-
nity, and the NK cells; while, the CMP give rise to the cells of the innate immune
system, leukocytes (neutrophils, monocytes, basophils, and eosinophils), mast cells,
DCs, erythrocytes, and the megakaryocytes.

Leukocytes

The primary function of the leukocytes is to protect the body against invading
microorganisms. However, microenvironmental factors at the site of inflammation
produces substantial changes in the phenotype and functional status of individual
cells that favor initiation and progression of tumor [12, 13].

Neutrophils

They account for 50-70% of circulating leukocytes [14] and form the indispensable
first line of defense against pathogenic microorganisms. They originate from the
CMP cells in the bone marrow in response to several cytokines including granulo-
cyte colony stimulating factor (G-CSF) and granulocyte macrophage colony stimu-
lating factor (GM-CSF) [14, 15]. They circulate in the blood as dormant cells and
are recruited to sites of infection by specific chemokines, cytokines, and cell adhe-
sion molecules [16]. The microbes are then taken up by the process of phagocytosis
and destroyed by high concentrations of microbicidal granules or by respiratory
burst associated with production of highly toxic reactive oxygen species in the
pathogen-containing vacuole [14]. In addition, the activated neutrophils upregulates
the production of cytokines [including tumor necrosis factor-a, interleukin (IL)-1p,
IL-1Ra, IL-12, and vascular endothelial growth factor (VEGF)] and chemokines
(including IL-8) critical for chemotaxis and recruitment of additional neutrophils,
macrophages, and T cells [17, 18].

Beyond the classical role of professional phagocytes, neutrophils play a signifi-
cant role in tumor biology [1, 19]. Neutrophils are recruited to the tumor microenvi-
ronment (TME) through local production of chemokines such as IL-8, macrophage
inflammatory protein-loe (MIP-10/CCL3), and human granulocyte chemotactic
protein-2 (huGCP-2/CXCL6) [20]. Tumor-associated neutrophils (TANs) are mark-
edly different from naive neutrophils. TANs exhibit dual conflicting roles at the
molecular level [20]. They either take up an anti-tumorigenic (N1) or a pro-
tumorigenic (N2) phenotype [14, 21]. In untreated tumors, the regulatory cytokine
transforming growth factor-beta (TGF-f) in the tumor cells drives the differentiation
of TANs towards N2 phenotype [13]. These neutrophils locally produce neutrophil
elastase (ELA2) [22], oncostatin M [23], and alarmins S100A8/9 [24] that promotes
proliferation, survival, metastasis, and resistance of tumor cells to chemotherapy. In
addition, N2 TANs promote immunosuppression and tumor progression by releas-
ing growth-stimulating signals, angiogenic factors, and matrix-degrading enzymes
[13, 20, 25]. Neutrophils thus assume multiple roles in development and progression
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of tumor cells [26]. However, under certain conditions such as TGF-f blockade,
TANs assume a N1 phenotype, which are more cytotoxic due to enhanced expres-
sion of immune activating cytokines and chemokines, and lower levels of arginase
[13]. N1 TANs also communicate with DCs to trigger an adaptive immune response
[27]. In addition, they facilitate intratumoral CD8+ T cell infiltration and activation
through production of chemokines (like CCL3, CXCL9, and CXCL10) and pro-
inflammatory cytokines (i.e., IL-12, TNF-a, GM-CSF, and VEGF) [28]. This pheno-
type has the potential to inhibit progression of the tumor, indicating the possibility
of immunostimulation through TGF-p blockade [13].

Monocytes and Macrophages

Monocytes are derived from the CMP cells. They are large, mononuclear cells that
account for 5-7% of circulating leukocytes. These monocytes migrate into the tis-
sues, where they differentiate rapidly and mature into distinct macrophages depend-
ing on tissue of activation, the Langerhans cells in the epidermis, Kupffer cells in
the liver, and microglial cells in the central nervous system [29]. Macrophages per-
form many functions. Primarily, they engulf and destroy the invading microorgan-
isms. They also release cytokines and chemokines to recruit other cells of the
immune system to the site of inflammation. Macrophages also induce expression of
co-stimulatory molecules on the antigen presenting cells (APCs) to initiate adaptive
immune response and help in the disposal of pathogens destroyed by adaptive
immune response [2].

Similar to TANs, monocytes are attracted to the TME by tumor-derived chemo-
kines such as CCL2, CCLS5, CCL7, CCLS8 or cytokines such as VEGF, platelet
derived growth factor (PDGF), TGF-p, GM-CSF, and M-CSF [30-33], where they
differentiate into tissue-resident macrophages [34]. The tumor-associated macro-
phages (TAMs) assume either anti-tumorigenic M1 phenotype (classically activated)
or pro-tumorigenic M2 phenotype (alternatively activated) reflecting the functional
plastic nature of these cells [35]. The cytokine profile of the TME plays a central role
in the phenotype orientation of the differentiating macrophages [36]. In general,
M-CSF, TGF-, and IL-10, the principal cytokines present in the TME strongly
inhibits IL-12 production and NF-kB activation in TAMs [37]. This skews the dif-
ferentiation of monocytes to macrophages M2 phenotype, characterized by IL-12'¥
IL-10"eh [30, 38]. These macrophages migrate to hypoxic areas within the tumor and
promote tumor progression by inducing angiogenesis through expression of factors
such as VEGF, angiopoietins, pro-angiogenic cytokines, and IL-1; remodeling of
stromal matrix by producing a variety of matrix metalloproteinases (MMP) such as
MMP1 and MMP9; and by suppressing adaptive immunity through production of
prostaglandins, IL-4, IL-6, IL-10, TGF-f and indoleamine 2,3-dioxygenase (IDO)
metabolites, and induction of T regulatory (Treg) cells [33, 38]. This enables the
tumor cells to escape into surrounding stroma and ultimately metastasize to distant
sites. However, classical macrophage activation occurs under certain conditions, for
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example in the presence of GM-CSF, microbial products, lipopolysaccharides, or
interferon-y (IFN-y), where TAMs are educated to assume the more cytotoxic, anti-
gen presenting, IL-12"¢" IL-10"" M1 phenotype [33]. They kill microbes and tumor
cells by producing copious amounts of pro-inflammatory cytokines such as IL-12
and IL-23, toxic intermediates—nitric oxide, reactive oxygen intermediates (ROI),
and TNF [30, 33]. The cytokines also initiate T-helper 1 (Th1) adaptive immunity.
Though high macrophage content is often correlated with poor patient prognosis in
breast [39, 40], bladder [41], endometrial [42], and cervical cancers [43], TAMs in
tumor tissue confer survival advantage to patients with prostate cancer [44] and
colon cancer [45]. Pharmacological skewing of macrophage polarization from M2 to
M1 phenotype is likely to provide therapeutic benefit to cancer patients.

Eosinophils

Eosinophils are derived from the CMP cells and they constitute less than 5% of
circulating leukocytes [2, 46]. Traditionally, eosinophils are associated with host
defense against large, multicellular parasitic helminths and fungi with allergic con-
ditions [47]. Eosinophils express a number of receptors such as chemokine recep-
tors, cytokine receptors, immunoglobulin (Ig) receptors, Toll-like pattern recognition
receptors, and histamine receptors [48]. Engagement of these receptors causes the
release of highly cytotoxic proteins, such as major basic protein, eosinophil-derived
neurotoxin or eosinophil peroxidase, pro-inflammatory cytokines and growth fac-
tors (IL-2, -3, -4, -5, -6, -10, -12, and -13, IFN-y, TNF-a, GM-CSF, TGF-o/f), che-
mokines, including RANTES(CCLS), eotaxin-1 (CCL11), CXCLS, and lipid
mediators (platelet-activating factor and leukotriene C4) from the large, highly cyto-
toxic, secretory cytoplasmic granules at the sites of allergic inflammation [48, 49].

In addition, eosinophils are found in the tumor infiltrating area [1]. Tumor-
associated tissue eosinophilia has been associated with improved patient outcomes
in a variety of solid tumors including colorectal cancer [50], oral squamous cell
carcinoma (SCC) [51], laryngeal and bladder carcinoma [52]. Though an under-
standing of the function of eosinophils in cancer has remained elusive, it has become
apparent that eosinophils express major histocompatibility complex (MHC) class II
and co-stimulatory molecules [CD40, CD28/86, cytotoxic T lymphocyte associated
protein 4 (CTLA-4)] [53, 54], whereby they function as APCs and initiate antigen-
specific immune responses by the T cells [55]. Kinetic studies have demonstrated
that chemotactic factors such as eotaxins and damage-associated molecular patterns
(DAMPs), high mobility group box 1 (HMGB1) released by necrotic tumor cells,
preferentially induce eosinophilic migration to tumors [56, 57] prior to infiltration
by CD8+ T cells [58]. Tumor-associated tissue eosinophils in its active form release
chemokines such as CCL5, CXCL9, and CXCL10 that attracts CD8+ T cells to the
tumor [59]. Tumor-associated tissue eosinophilia in the presence of tumor-specific
CD8+ T cells produces significant changes in the TME such as polarization of TAM
to M1 phenotype and vascular normalization of the tumor, resulting in increased T
cell infiltration, enhanced tumor rejection, and improved patient survival [58].
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Basophils

They originate from the CMP cell in the bone marrow and are released into circula-
tion as mature cells [2]. They account for less than 1% of circulating leuckocytes
and were therefore considered redundant to mast cells functionally till about
15 years ago [60]. Basophils travel to the sites of allergic inflammation and micro-
bial assault in response to cytokines and chemokines released locally [60]. IgE-
mediated activation of basophils induces proliferation and rapid release of several
inflammatory mediators such as histamine, leukotriene C4, prostaglandins, and sig-
nificant amount of IL-4 and IL-13 [61]. IL-4 and IL-13, released within an hour of
stimulation, serve as chemoattractants for other immune cells and direct the differ-
entiation of naive T cells towards Th2 phenotype resulting in Th2-(allergic)-type
immune responses in an IgE-dependent and IgE-independent manner [62, 63].
Further, basophils express CD40 ligand, which on binding with CD40 on B cell,
induces transformation of B cells to plasma cells and promotes production of IgE
antibodies [63].

Though the role of basophils in tumorigenesis has not been clearly understood, it
is believed that basophils promote neoplastic angiogenesis [64]. Basophils express
angiopoietin-1 and angiopoietin-2 messenger RNAs in the cytoplasmic vacuoles, and
VEGFR-2 and Tiel receptors on the cell surface. And, activation of basophils releases
pro-angiogenic factors VEGF-A and VEGF-B through a crosstalk between the baso-
phils and the mast cells, contributing to neoplastic angiogenesis. Further, the correla-
tion between basophils in the tumor draining lymph node with Th2 inflammation in
patients with pancreatic ductal adenocarcinomas and the emergence of basophils as an
independent prognostic factor of poor survival after surgery suggests a role for baso-
phils in tumor development and disease recurrence [65].

Mast Cells

Mast cells are tissue-based inflammatory cells of hematopoietic origin [66]. The
origin of mast cell has long been debated. Recently Qi et al. identified pre-basophil
and mast cell progenitors (pre-BMP), a population of granulocyte-macrophage pro-
genitors (GMPs) with a capacity to differentiate into basophils and mast cells while
still retaining a limited capacity to differentiate into myeloid cells [67]. The pre-
BMPs circulate in the blood and reach the peripheral tissue, where they get differ-
entiated into basophils and mast cells in the presence of mutually exclusive
transcription factors, C/EBPa and MITF, respectively [67]. Basophils and mast cells
share many characteristics such as expression of IgE receptors, presence of same
granules, and secretion of similar mediators of immune response and cytokines
when stimulated. Both offer protection against parasites and are key players in the
Th2-(allergic)-type immune responses [68, 69]. However, mast cells show marked
differences in their histochemical, biochemical, and functional characteristics based
on their phenotype and the cytokine milieu, a phenomenon called “mast cell hetero-
geneity” [70]. Mast cells express several surface receptors including KIT IgG
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receptor, and Toll-like receptors (TLRs) [70].The characteristic feature of mast cells
is the presence of dense metachromatic granules in the cytoplasm containing hista-
mine and heparin which are explosively released on contact with allergens [71].
Tissue mast cells besides being the largest storehouse of histamine, with the excep-
tion of gastrointestinal tract and central nervous system, also contain several pre-
formed mediators such as heparin, serotonin, tryptases, and chymases; lipid
mediators; cytokines such as TNF-o/p, IFN-o/f, IL-10/p, IL-5, -6, -13, -16, and -18;
chemokines such as IL-8 (CXCLS), 1-309 (CCL1), MCP-1 (CCL2), MIP-1aS
(CCL3), MIP1p (CCL4), MCP-3 (CCL7), RANTES (CCLY5), eotaxin (CCLI11),
MCAF (MCP-1); and growth factors such as SCF, M-CSF, GM-CSF, bFGF, VEGF,
NGEF, and PDGEF [71], which are synthesized and rapidly released on activation by
IgE- or IgG-dependent mechanisms. Strategic location of the mast cells at the inter-
face between mucosal and environmental surfaces, for example, near blood vessels,
nerves, glands, and beneath epithelial surfaces [68, 70], and their ability to store
TNF-a in a preformed state allows mast cells to orchestrate the first response to
invading pathogens [66]. Different stimuli activate different pathways resulting in
different cocktail of molecules released by mast cells, which significantly influences
T cell differentiation and the subsequent adaptive immune response [66].

Increased numbers of mast cells found in many tumors may have a double-edged
function in tumor development. Infiltration of tumor by mast cells has been associ-
ated with poor prognosis in some cancers such as prostate cancer [72], lip cancer
[73], and diffuse large B cell lymphoma [74] This may be because intratumoral
mast cells, which are a rich source of pro-angiogenic and tumor growth stimulatory
mediators, stimulate or modulate angiogenesis and peritumoral mast cells, which
are rich sources of tryptase and chymase, promote extracellular matrix degradation
and tumor invasion, resulting in tumor progression [73, 75, 76]. On the contrary,
mast cell infiltration has been associated with good prognosis in breast [77], ovarian
[78], lung [79], and colorectal cancers [80]. This is due to release of several antitu-
moral factors by stromal mast cells including cytotoxic endogenous peroxidase,
cytokines like IL-1, IL-4, IL-6, and TNF-a that induces apoptosis of endothelial
cells, chymase, which inhibits angiogenesis, and tryptase leading to tumor fibrosis
[78, 81, 82]. It is therefore evident that the density and location of mast cells within
the tumor samples and the crosstalk between mast cells and stromal cells are better
predictors of patient survival as they modulate the immune response [1].

Dendritic Cells

DCs are professional APCs that are resident in most tissues of the body and concen-
trated in the secondary lymphoid tissues [83]. In the steady state, they originate
from the monocyte and dendritic cell progenitor (MDP) derived from the CMP cells
in the bone marrow [84]. The MDPs give rise to monocytes and common DC pro-
genitors (CDPs) in the bone marrow [85]. The CDPs give rise to pre-DCs, which
migrate from the bone marrow through the blood to lymphoid and non-lymphoid
tissues, where they differentiate to produce conventional DCs (cDCs). The pre-DCs
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lack the form and function of DCs, but with microbial or inflammatory stimuli they
develop into DCs [86]. Plasmacytoid DCs is an example of pre-DCs found in blood,
thymus, bone marrow, and secondary lymphoid tissue, which produce type I IFN-a
in response to viral exposure. The cDCs are broadly classified into migratory DCs
and lymphoid tissue-resident DCs. The migratory DCs (Langerhans cells and der-
mal DCs) are immature DCs present in the peripheral tissue, which are very effec-
tive in capturing antigens. They sample the environment using several receptors
including the TLRs and (NOD)-like receptors (NLRs). On encountering a pathogen,
endocytosis is upregulated transiently to facilitate accumulation of large quantities
of antigens by the immature DCs that are phagocytic and macropinocytic in the
peripheral tissue [3]. Immature DCs are relatively inefficient in presenting the
peptide-MHC complexes at the surface due to reduced formation of antigenic pep-
tides [3], ubiquitination of MHC class II molecules in the lysosomes, and poor
expression of co-stimulatory ligands (CD80, CD86) [3, 87]. Shortly thereafter,
functional maturation of DCs ensues triggering the antigen presenting machinery,
which is the critical link between innate and adaptive immunity [88]. Endocytosis
by the DCs decreases and expression of MHC-I, MHC-II, and co-stimulatory mol-
ecules increases at the surface possibly due to cessation of ubiquitination of MHC
class I molecules [87]. As a result, the mature DCs degrade the pathogen and pres-
ent the antigenic peptides on MHC Class I or II molecules on the cell surface to
naive T cells, express co-stimulatory ligands (CD80, CD86) simultaneously, and
migrate to the T cell zones of the lymphoid tissue [3]. Binding of the ligands to the
co-stimulatory molecules on T cells leads to activation of T cells [87]. Based on the
type of pathogen and other maturation signals received, the activated T cells are
educated to proliferate and differentiate to become potent effector cytotoxic T cells
or helper T cells [3]. DCs can also directly present the intact antigen to and activate
the antigen-specific B cells [3]. The lymphoid tissue-resident DCs (CD8+ and
CD8— splenic ¢cDCs and thymic c¢DCs) are immature DCs uniquely located in
regions where naive T cells are activated [87]. They present the antigens in the lym-
phoid organ to the T cells [86]. They are likely responsible for maintaining periph-
eral tolerance in the steady state. Under inflammatory conditions, some DCs may
arise from the CLP cells and from the monocytes [2]. An example of inflammatory
DC is the tumor necrosis factor- and inducible nitric-oxide synthase-producing DCs
(Tip DCs) [86].

Under normal conditions, DCs are responsible for maintaining immune toler-
ance to host cells [3] DCs are generally phenotypically and functionally immature
in the steady state. Immature state is characterized by ubiquitination and intracel-
lular accumulation of MHC class II molecules and low levels of co-stimulatory
molecules [83]. Therefore in the absence of infections, though DCs continuously
present self-antigens and nonpathogenic environmental antigens to T cells, this
induces the production of Tregs instead of effector T cells. In the development of
cancer, where the tumor cells are more similar to normal cells, DCs are therefore
more likely to induce peripheral tolerance in the absence of inflammation. Further,
other mechanisms of immune suppression such as expression of PD-L1 and PD-L2,
TGF-, and IDO inhibit DC and T cell function and facilitate escape of tumor cells
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from immune recognition. This may explain why vaccines did not succeed as an
effective treatment modality in cancer patients [3]. DCs are aptly called the gate-
keepers of the immune system because of their ability to inspect the microenviron-
ment, interpret the cues in the environment, and instruct the immune cells to respond
quickly and appropriately between tolerogenic and immunogenic function [83].

Natural Killer Cells

NK cells are the most powerful lymphocytes of the innate immune system with
robust cytotoxic activity. They originate from the CLP cells in the bone marrow and
account for 15% of all the circulating lymphocytes [1]. Besides, they are located in
many peripheral tissues. Though NK cells do not express antigen-specific surface
receptors such as the classical membrane-bound Igs of B cells or the T cell receptor
(TCR) of the T cell, they express a wide range of activating and inhibitory cell sur-
face receptors. As the primary function of NK cells is to identify and eliminate cells
that fail to produce self MHC class I molecules, NK cells during the process of
maturation are educated to identify “missing self” through the expression of several
cell surface inhibitory receptors such as killer cell inhibitory receptor-L (KIR-L),
which specifically binds with MHC class I ligands [89]. Engagement of these recep-
tors by cognate MHC class I ligands constitutively expressed in normal cells in
steady state conditions ensures self-tolerance by transducing inhibitory signals [90].
It is the absence of these MHC class I ligands on tumor cells and cells in distress as
in viral infection that marks them for destruction by NK cells [89].

The effector function of NK cells is triggered by the engagement of cell surface
activating receptors including the potent NKG2D receptor, killer-cell Ig-like recep-
tors (KIR-S), TLR, and NLR that identifies non-self-infected cells and self-cells
under stress by recognizing pathogen-associated molecular patterns (PAMPs) [91].
However, activation of the NK cells is dependent on cellular crosstalk with acces-
sory cells such as DCs, neutrophils, macrophages, and mast cells, and/or a cytokine
microenvironment that includes IL-2, IFN-o/p, IL-12, IL-15, IL-18, or IL-21 [92,
93]. The DCs, which are key partners to NK cells, lie in close proximity to the NK
cells and prime the NK cells either directly by contact or by secretion of the cyto-
kines, IFN-a, IL-2, IL-12, IL-15, or IL-18 [94]. Activated NK cells induce cytotox-
icity and/or promote cytokine production [94]. NK cells kill tumor cells by releasing
cytoplasmic granules containing perforin and granzymes or by expressing Fas
ligand (CD95) or TNF-a-related apoptosis-inducing ligand (TRAIL) that binds with
death receptors on the tumor cells triggering apoptosis [95]. Tumor cells however
evolve and evade destruction by NK cells [95]. A common escape mechanism used
by tumor cells is the proteolytic shedding of NKG2D ligands [96]. Further, chronic
stimulation of NKG2D pathway by tumor-associated expression of TGF-f and
NKG2D ligands (including MHC class I homologues MICA and MICB) on the
surface of tumor cells can functionally impair NKG2D pathway by inducing endo-
cytosis and destruction of the potent activating NKG2D receptors on NK cells [97,
98]. This result in markedly reduced expression of NKG2D on NK cells, which
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promotes T cell silencing and evasion of immune surveillance by tumor cells.
Nevertheless, NK cells prosecute tumor cells through other mechanisms such as
antibody-dependent cell cytotoxicity [99]. NK cells express other activating recep-
tors such as CD16, Fc-y receptor IIIa (FCGR3A), which binds to the Fc region of Ig
[100]. This enables the NK cells to identify antibody-coated tumor cells and destroys
them by releasing perforins.

At least two functional subsets of NK cells have been described based on the
expression of CD56 and CD16 [101]. The CD56%™ CD16* NK cells account for
90% of circulatory NK cells. These cells are attracted to peripheral tissues by sev-
eral chemokines. They express perforin, natural cytotoxicity receptors (NCR), and
KIRs. On activation, the CD56%™ CD16* NK cells are more cytotoxic and secrete
low levels of cytokines. On the other hand, CD56" CD16~ NK cells are primarily
located in the secondary lymphoid tissue and account for less than 10% of circula-
tory NK cells. They lack perforin, NCR, and KIRs. On activation by IL-2, the
CD56ie" CD16~ NK cells produce cytokines, mainly IFN-y, GM-CSF, and TNF-a.
However, on prolonged stimulation by IL-2, they express perforin, NCR, and KIRs,
and acquire cytotoxic function.

Though NK cells are traditionally characterized as cells of innate immunity, they
also exhibit T cell characteristics and are capable of mounting rapid and robust
immune response on secondary exposure [102]. The immune memory function of
NK cells lasts for several months after the initial exposure, is antigen-specific, and
transferable to naive animals [102]. Though NK cells are potent killers with immune
memory, only modest success in clinical setting has been achieved as their effective-
ness has been hampered by their limited ability to infiltrate tumor cells [103].

Adaptive Immune System

The hallmark of adaptive immunity, mediated by the T lymphocytes (T cells) and B
lymphocytes (B cells), is the specificity of the immune response to antigenic stim-
uli. Another unique feature of adaptive immunity is its ability to confer lasting
immunological memory that results in more rapid and robust immune response with
subsequent exposure to the same antigen [2]. Contrary to innate immune response,
which is immediate in onset due to the presence of germline-encoded cell surface
receptors, the adaptive immune response is a slower process, as the lymphocytes on
activation undergo clonal expansion to attain sufficient numbers before the effector
cells mount an immune response [29]. There are two classes of adaptive immune
response, the humoral and cell-mediated. The humoral immune response is medi-
ated by the B lymphocytes against antigens present outside the cells, in the blood
and body fluids. On the other hand, the cell-mediated immune response is mediated
by the T lymphocytes against intracellular pathogens presented as small antigenic
determinants on MHC molecules.
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Cellular Components of the Adaptive Immune System

The T and B lymphocytes originate from the CLP, a specialized type of stem cell
originating from the pluripotent HSCs [2].

T Lymphocytes

The lymphoid progenitor cells migrate from the bone marrow to the thymus, where
they undergo four stages of differentiation and proliferation, including developmen-
tal checkpoints to ensure that cells which fail to recognize antigen-MHC complexes
or distinguish self-antigens do not mature [104]. As the lymphoid progenitor cells
migrate through the cortex, they undergo an education program based on the con-
stant interaction with the thymic epithelial cells [105]. The lymphoid progenitor
cells that enter the thymus at the cortico-medullary junction do not express TCR, or
CD4 or CDS8 co-receptors and are therefore called CD4/CD8 double-negative (DN)
lymphocytes (DN1) [106]. As they move through the cortex from the cortico-
medullary junction to the capsule, the lymphoid progenitor cells lose their ability to
form B cells or NK cells and become committed T cell precursors (DN2) [107].
Following T lineage commitment and expression of recombination-activating gene
1 (RAG1), the TCR-p chain is rearranged and paired with the pre-Ta chain, result-
ing in expression of pre-TCRs (DN3) [104]. Subsequently, intense proliferation
results in generation of multiple thymocytes (DN4). With appropriate cytokine
stimulation, they express CD8 co-receptors first and then CD4 co-receptors to
become double-positive (DP) thymocytes. This is accompanied by rearrangements
in the TCRa chain, which results in generation of complete off TCRs. Then, DP
thymocytes interact with TECs and further development into naive T cells is depen-
dent on their ability to bind with MHC class I or class II molecules associated with
self-peptides (positive selection) [104, 108]. Approximately 90% of DP thymocytes
express TCRs that fail to bind with MHC molecules, resulting in delayed apoptosis
of these cells (death by neglect). Based on their interaction with MHC molecules,
the DP thymocytes differentiate into single positive T cell by silencing of the tran-
scription of one co-receptor locus [105, 109].

In the medulla, T cells are screened for reactivity against wide range of tissue-
specific proteins including self-peptides expressed by the thymic medullary
epithelial cells [29]. The T cells that express TCRs with high affinity for self-pep-
tides undergo rapid apoptosis and are later cleared by thymic macrophages (nega-
tive selection). T cells that express intermediate level of TCR signaling enter into a
maturation phase by the process of positive selection. The T cells that express TCRs
that bind with MHC Class I molecule mature into a single positive CD8 mature T
cell (CD8+ T cell), while those that express TCRs that bind with MHC Class 11
molecule mature into a single positive CD4 mature T cell (CD4+ T cell). These
naive T cells then sample the environment in the medulla for antigen presenting
DCs. On exposure to antigenic determinants presented by the APCs, the T cells are
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activated in the presence of co-stimulation of CD28 by B7 molecules (CD80 and
CDS86) on the APCs, to form effector T cells that either destroy the pathogenic agent
or attract other immune cells to the site. In the absence of antigenic stimuli in the
medulla, the naive T cells enter the blood stream and travel to the peripheral lym-
phoid tissue and enter the paracortical region of the LN. In the tumor draining LN,
naive T cells are activated on encountering tumor antigen in the context of MHC
molecule and co-stimulation of the constitutively expressed CD28 on the surface of
T cells by B7 proteins (CD80 or CD86) expressed on the same APC [110]. This
results in clonal expansion and differentiation of naive T cells in the lymph nodes
into effector T cells (CD4+ helper T cells or CD8+ cytotoxic T cells). Depending on
the cytokine milieu and the transcription factors in the TME, the CD4+ helper T
cells differentiate into several subtypes that includes Thl [111], T-helper 2 (Th2)
[112], T-helper 17 (Th17) [113], induced Tregs (iTregs) [114], follicular helper T
cell (Tth) [115], and T-helper 9 (Th9) [116]. These helper T cells secrete cytokines
and chemokines that regulate the immune response. Th1 cells favor cell-mediated
immunity by activation of CD8 T cells to mount an immune response against intra-
cellular pathogens, while Th2 cells favor humoral immunity by activation of B cells
against extracellular parasites. On the other hand, CD8+ effector T cells activated
by antigen presentation on the MHC class I molecule or through CD4 helper T cells
are directly cytotoxic. Hence, they migrate to the tumor and destroy the tumor cells.
In addition, some of the activated T cells and B cells differentiate into memory cells
that are responsible for the long-lasting immunological memory [117]. Subsequent
exposure to the same antigen results in more rapid and robust immune response.
Regulation of T cell response is a delicate balance between co-stimulatory and
inhibitory signals that serve as immune checkpoints. Co-stimulatory receptors
include CD28, inducible T cell co-stimulator (ICOS), 4-1BB (CD-137), OX40 (CD-
134), and glucocorticoid-induced TNFR-related protein (GITR), while CTLA-4,
programmed cell death 1 (PD-1), lymphocyte activation gene-3 (Lag-3), T cell
immunoglobulin-3 (Tim-3), and T cell immunoreceptor with immunoglobulin and
ITIM domain (TIGIT) are co-inhibitory [118]. CD28 is the primary co-stimulatory
molecule constitutively expressed on the surface of naive T cells. On ligand binding
with B7-1 and B7-2 on APCs, they provide the essential co-stimulatory signal for T
cell activation and downstream signaling [119]. Besides CD28, there are other co-
signaling receptors of the TNF receptor superfamily including 4-1BB [120], OX40
[121], and GITR [122] that synergize with TCR signaling to promote cytokine pro-
duction and T cell survival. The stimulatory effect of T cells is counterbalanced by
a suppressive mechanism in order to maintain immune homeostasis. Activated T
cells simultaneously express CTLA-4 and PD-1 on their surface as immune check-
points [123-125]. CTLA-4, a CD28 homologue with a higher affinity to bind with
B7 molecules, is an early co-inhibitory signal that regulates T cell activity during
the priming phase. On engagement with B7, CTLA-4 blocks CD28 co-stimulation
and abrogates T cell activity and cytokine production. On the other hand, PD-1, a
CD28 family member, is a late co-inhibitory signal that regulates T cell activity dur-
ing the effector phase in the peripheral tissue. PD-1 interacts with two ligands,
PD-L1 and PD-L2. PD-L1 is expressed on many cells including the tumor cells,
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activated B and T cells in response to IFN-y produced by the activated T cells, while
PD-L2 is expressed exclusively on macrophages and DCs [126]. Unlike CTLA-4,
the PD-1 to PD-L1 ligand binding does not interfere with co-stimulation, but down-
regulates B and T cell proliferation and cytokine production by interfering with
signaling pathways downstream of TCRs and B cell receptors (BCRs) [127].
Besides CTLA-4 and PD-1, there are other next generation co-inhibitory receptors
such as Lag-3, Tim-3, and TIGIT, which are expressed on distinct lymphocyte sub-
sets that are responsible for differential suppression of immune response [128]. For
example, Tim-3 pathway may regulate immune responses in the gut, while TIGIT
may regulate in the lungs and Lag-3 in the pancreas. Similarly, they exhibit func-
tional specification in that TIGIT may selectively suppress pro-inflammatory
response of Th1 and Th17 cells, while promoting Th2 cell response [129]. Besides
immune checkpoints, a chief contributor to this immunosuppressive effect is the
Tregs, which are specialized T cells that suppress the cytotoxic function of other T
cells [130]. They are classified as thymus-derived natural Tregs (nTregs) and periph-
erally derived inducible Tregs (iTregs). nTregs characterized by surface expression
of the CD4 and CD25 antigens and by the nuclear expression of forkhead box P3
(FOXP3) are positively selected thymocytes with relatively high affinity for self-
antigens presented on MHC class II molecules. On the contrary, iTregs differentiate
from naive CD4 T cells in the periphery in the presence of TGF-f. They exert their
immunosuppressive action by the expression of immunosuppressive cytokines such
as IL10 and TGF-p [114]. Decreasing the activity of Treg cells enhances both innate
and adaptive immune response, which can be utilized to treat cancer [131]. Thus,
under normal conditions, coordinated regulation of immune activation and suppres-
sive pathways play an important role in the maintenance of peripheral tolerance and
regulation of the amplitude and duration of T cell responses [132].

B Lymphocytes

The B cells develop from the HSCs in the liver during fetal life and continue in the
bone marrow in adult life [2]. The four subsets of B cell precursors that develop
from the lymphoid progenitor cells, pre-pro-B cells, early pro-B cells, late pro-B
cells, and pre-B cells are devoid of surface Ig [133]. In the presence of RAG 1 and
2, these cells constantly interact with the bone marrow stromal cells that provide
critical growth factors, chemokines, and cytokines for B cell development. The B
cell precursors undergo sequential rearrangement of the genes encoding for the
heavy chain (H) [134]. The DJ rearrangement occurs in the early pro-B cells fol-
lowed by VDJ rearrangements in the late pro-B cells resulting in the formation of a
large pre-B cell with a complete Ig p heavy chain in the cytoplasm [2]. The p heavy
chain combines with the surrogate light chain (L) and two invariant accessory chains
Iga and Igp to form the pre-BCR, which is transiently expressed on the surface of
pre-B cells, positively selecting these cells for further development. This initiates a
negative feedback loop by which it shuts down RAG expression, halts the H gene
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rearrangement in the pre-B cell, prevents the rearrangement of the second H (allelic
exclusion), and signals the proliferation of pre-B cells. The RAG genes are re-
expressed, which induces rearrangement of the genes encoding the L in positively
selected pre-B cells that leads to formation of an immature B cell with the expres-
sion of a complete IgM BCR on the surface of the cell. This triggers the cessation
of L gene rearrangement. As a vast repertoire of BCRs capable of recognizing a
huge diversity of antigens including self-antigens are developed, the immature B
cells are tested for reactivity to autoantigens before leaving the bone marrow. When
immature B cells express a non-auto-reactive BCR with optimal downstream sig-
naling, RAG expression is downregulated, which allows for positive selection of
these cells to enter the spleen as transitional B cells. Whereas, immature B cells that
express a non-auto-reactive BCR with low basal BCR signaling insufficient to
downregulate RAG expression and immature B cells that are strongly self-reactive
are negatively selected for elimination by apoptosis (clonal deletion). Alternatively,
these cells may be inactivated (anergy) or may undergo receptor editing, a process
by which secondary rearrangement of L leads to formation of new BCRs that are not
self-reactive, which allows for subsequent positive selection of these cells for fur-
ther development [135].

The immature B cells enter the spleen as transitional cells. Very few cells prog-
ress from T1 to T2 stage as most of the T1 cells undergo clonal deletion or anergy
due to strong reactivity to self-antigens that are expressed only in the peripheral
tissue [136]. And, the transition from T1 to T2 cell is dependent on basal tonic BCR
signaling. The T2 cells receive pro-survival signals through B cell-activating factor
(BAFF)-R and differentiate into naive B cell expressing both IgM and IgG surface
receptors. Guided by the strength of BCR signal, naive B cell differentiates into
either follicular (FO) B cells with intermediate BCR signals and expression of bru-
ton tyrosine kinase, or marginal zone (MZ) B cell with weak BCR signal and
expression of NOTCH2 [136, 137]. The MZ B cells located within the splenic white
pulp are resting mature B cells that do not circulate. They have limited antigen
specificity and are activated by non-protein antigens such as common blood-borne
pathogens independent of T cells. On activation, they rapidly develop into short-
lived plasma cells secreting low affinity IgM antibodies and do not produce memory
cells. The FO B cells that circulate between the blood and the spleen are located
adjacent to T cell-rich areas in secondary lymphoid organs and are activated by
foreign proteins in a T cell-dependent manner [138]. The antigens bound to
membrane-bound Ig are internalized by FO B cells and presented on MHC class 11
molecules to the CD4 helper T cells. The activated T cells express CD40L, a
co-stimulatory molecule, and other cytokines required for B cell activation [2]. The
activated B cells undergo clonal expansion to differentiate into plasma cells that
produce large amounts of high affinity secreted antibody. Some of the activated B
cells migrate into the lymphoid follicle to form a germinal center, where they
undergo extensive proliferation, Ig class switching, and somatic hypermutation to
generate long-lived plasma cells or memory B cells. These plasma cells leave the
germinal center and migrate to the bone marrow, where they continue to produce
antibodies even after elimination of the antigens. On reinfection, these circulating
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antibodies provide immediate protection and activate the memory cells located in
the peripheral lymphoid tissue.

Immunoglobulins

Immunoglobulins are Y-shaped heterodimers composed of two identical L chains
and two identical H chains [139]. The two H chains are attached to each other by
multiple disulfide bonds and each L chain is attached to an H chain by a disulfide
bond. Each L and H chain is divided into a variable and constant region. The vari-
able region in each L and H chain has three complementarity determining regions
(CDRs). The three CDRs in one L chain pairs with the three CDRs in the H chain in
each arm of the Y to form a paratope, the antigen binding site. Each paratope is
specific for an epitope of the antigen, which determines the specificity of the Ig. The
constant region of the H chain is identical for all the Igs of the same class, but dif-
ferent between classes. So also, all the Igs in a class have either A or k L chains.
Proteolytic digestion with papain divides the Ig into three functional units, two anti-
gen binding fragments (Fab) and the crystallizable fragment (Fc). Each Fab frag-
ment contains a complete L chain and one variable and one constant domain of H
chain, which includes the antigen binding site. The Fc fragment contains two con-
stant domains of the H chain. This is the effector domain of the Ig which activates
the NK cells, classical complement pathway, and phagocytosis [140].

Based on the amino acid sequences in the constant region of the H chains, human
antibodies are classified as IgM, IgD, IgG, IgE, and IgA [139]. Accordingly, they
have diverse biologic functions. IgM is the earliest antibody expressed on the sur-
face during B cell development and it is the major class of Ig that is secreted on first
exposure to the antigen. IgG is the major antibody in the blood that is produced in
large quantities during secondary immune response and is responsible for clearance
of opsonized pathogens and neutralization of toxins and viruses. IgA is the principal
antibody in body secretions and contributes to nearly 50% of protein content in
colostrum and protects mucosal surfaces from toxins, virus, and bacteria. Membrane-
bound IgD is expressed in small amounts when the immature B cells leave the bone
marrow and they regulate the cell’s activation. IgE is found in trace amounts in the
blood, but it is a very potent Ig expressed during hypersensitivity or allergic reac-
tions and parasitic infestations.

Each B cell in the body produces only one kind of antibody [140]. When a naive
B cell is activated, it proliferates and differentiates into a clone of plasma cells,
which produces large amount of secreted antibodies that have the same antigen
binding site as the BCR that was activated and is specific for a single epitope. Hence
they are called monoclonal antibodies (mAb). Polyclonal antibodies are secreted by
different B cell clones that bind with different epitopes on the same antigen.

Monoclonal antibodies have revolutionized the use of Igs as a therapeutic agent.
However, engineering mAb is not without challenge. The first mAb engineered for
human use was a murine antibody [141]. They were highly immunogenic with lim-
ited biological efficacy and very short half-life. This limitation was overcome by
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genetically engineering human protein formats of mAb. Chimeric mAbs that are
70% human, created by fusing murine variable region with human constant region
[142]. Later, humanized mAbs that are 85-90% human, where only the CDRs are
murine, were developed [143]. Currently, fully human mAbs produced by phage
display are available [144]. The process of humanization has made the mAbs less
immunogenic than murine mAbs. As a result, several mAbs that target growth factor
receptor [such as epidermal growth factor (cetuximab), human epidermal growth
factor receptor 2 (trastuzumab)], TME, and tumor antigens have been approved for
treatment of colorectal, breast, and lung cancer [145]. The humanness of mAbs is
indicated by the nomenclature. For example, -xi- indicates chimeric mAbs (ritux-
imab), -zu- indicates humanized (bevacizumab), and -u- indicates fully human mAb
(ipilimumab).

The Immune System in Action!

Summary of the Immune Responses Against Tumor Cells

In the fight against cancer, greater understanding of the immunoregulatory pro-
cesses of TME is critical for development of immunotherapy. The TME is com-
posed of a variety of cells such as macrophages, DCs, NK cells, mast cells, naive
lymphocytes, B cells, cytotoxic T cells, helper T cells, memory cells, Tregs,
myeloid-derived suppressor cells (MDSCs), and stromal cells [146]. Despite the
dynamic interaction between these elements in the TME and the tumor, the cancer
cells develop cellular processes to subvert the immune attack and become resilient.
Thus a comprehensive understanding of the interactions between the tumor and the
elements in the TME will help to identify novel targets and therapeutic strategies to
combat resistance to therapy.

The human immune system exhibit a dual role in cancer. Though the primary
function of the immune system is to eliminate tumor cells, they also shape immuno-
genicity and promote tumor progression through a dynamic process called cancer
immunoediting [147]. This process includes three distinct phases: elimination,
equilibrium, and escape. During the elimination phase (cancer immunosurveil-
lance), the challenge lies in the ability of the immune system to recognize the subtle
differences between self and transformed self of the malignant cells [148]. The
tumor cells express several danger signals such as NKG2D ligands and surface cal-
reticulin, and produce minor disruptions in the surrounding tissue, resulting in the
release of inflammatory signals such as IFN-y, IFN o/f, TNF, and IL-12, which
recruit NK cells, DCs, and macrophages to the tumor site. This results in apoptosis
and death of tumor cells. The liberated tumor antigens are then presented by the
APCs on MHC molecules to T cells. This initiates tumor-specific adaptive immune
response. The cytotoxic T cells interact with the Fas and TRAIL receptors on tumor
cells, or secrete granzymes and perforins to induce tumor cell apoptosis. Thus,
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innate and adaptive immune cells have the capacity to completely eliminate the
tumor cells and halt the immunoediting process.

During the equilibrium phase, there is continuous interaction between the immune
cells and tumor cells that have escaped elimination phase. The tumor and the immune
cells exist in a state of equilibrium that prevents expansion of the tumor cells.
However, this continuous immune pressure selects or promotes the formation of new
variants of tumor cells with reduced immunogenicity that escapes recognition by
immune system [148]. This is the longest phase in the immunoediting process, when
the tumor cell variants reside in a latent form before escaping eventually [149].

During the escape phase, tumor cells adopt several mechanisms to evade immu-
nosurveillance [150]. Tumor cells downregulate expression of tumor antigens or
MHC class I molecules to reduce immune recognition and antigen presentation to
tumor-specific T cells, preventing activation of T cells. Tumor cells may also upreg-
ulate expression of pro-survival growth factors such as EGFR and HER2. In addi-
tion, the tumor cells frequently develop a host of immunosuppressive defense
mechanisms to escape immune surveillance through a process called immune toler-
ance [7]. For example, tumor cells may express suppressive surface ligands, PD-L1
or PD-L2, that engage with PD-1 receptors on activated T cells resulting in T cell
exhaustion; or release immunosuppressive molecules such as IDO [151]. Under
hypoxic conditions, the TME may release VEGF, which suppresses T cell adhesion
to tumor endothelium and impedes T cell infiltration of the tumor. Similarly, TAMs
in the presence of IL-4, IL-10, and TGF-f may polarize to assume M2 phenotype
and express high levels of IL-10 and low levels of IL-12. These macrophages sup-
press T cell activity and promote angiogenesis and tumor growth [152]. In addition,
MDSCs, which are immature innate immune cells in the TME, utilize various
mechanisms such as expression of IL-10, TGF-$, and Tregs to produce immune
suppression, resulting in tumor progression [153, 154]. As a result, immunologi-
cally sculpted tumor cells with increased resistance emerge, resulting in uncon-
trolled growth of the tumor with overt clinical disease. It is therefore critical to
overcome these barriers to elicit clinical response to therapeutic agents.

Cancer Immunotherapy

Immunotherapy has revolutionized cancer treatment due to its ability to produce
durable responses in patients with certain types of advanced cancer. Though several
immunotherapeutics including IL-2, IFN-a, and Sipuleucel-T vaccine were investi-
gated, only small improvements in efficacy were observed. Several mAbs have also
been used in the treatment of cancer [155] based on their ability to inhibit ligand
binding and downstream signaling (cetuximab), target the TME (bevacizumab), and
target immunosuppressive cytokines (GC-1008, an anti-TGF-f} antibody) [156].
But it is the discovery of immune checkpoint CTLA-4 and a deeper understand-
ing of the immune regulatory pathways that led to a major breakthrough in cancer
immunotherapy [157]. Subsequent to the discovery that activated T cells express
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CTLA-4, which on binding with B7 molecules on the APC blocks co-stimulation of
T cells resulting in immune suppression, a series of experiments were performed to
unleash the immune harnessing power of T cells to combat cancer. This led to the
development of the concept of immune checkpoint blockade and discovery of ipili-
mumab, a CTLA-4 inhibitor, which produced durable responses in about 20% of
patients and considerable improvement in the overall survival (OS) of patients with
metastatic melanoma, resulting in FDA approval of the drug in 2011 [158]. The
dramatic response with ipilimumab laid the foundation for exploration of other T
cell inhibitory pathways. Based on strong preclinical evidence, several clinical trials
were conducted to evaluate the efficacy of PD-1/PD-L1 pathway blockade by mAbs
[159-163]. As a result of durable responses and survival benefits produced in sev-
eral tumor types, FDA granted accelerated approval of several immune checkpoint
inhibitors (ICPis) as listed in Table 1.1 [164]. This offers proof of concept that
checkpoint inhibition provides durable and meaningful response in a subset of
patients with responsive tumors.

Besides CTLA-4 and PD-1/PD-L1 signaling pathways, other immune regulatory
pathways are being investigated as potential therapeutic targets. IDO is one such
immunosuppressive pathway exploited by tumor cells to evade immune surveil-
lance [165]. Several IDO inhibitors are under clinical development including
INCBO024360 [166, 167], indoximod [168], IDO peptide vaccine [169], BMS-
986205 [170], and NLG919 [171]. A robust therapeutic immune response is pro-
duced not only by releasing the “brakes” on T cells, but also by stepping on the
“gas.” T cell co-stimulation through receptors, like OX40 or 4-1BB, provides a
potent “go” signal that actively promotes the optimal “killer” CD8 T cell responses
[172]. Several ongoing clinical trials are investigating immune checkpoint agonist
therapies as single-agent or in combination with other immunotherapies, chemo-
therapy, targeted therapy, or radiotherapy.

Despite the success with ICPis (CTLA-4, PD-1/PD-L1 blockade) in various
tumor types, many patients are primarily resistant or develop resistance to treatment
after an initial period of response [173]. Among several mechanistic approaches
being investigated in the clinic to overcome primary and secondary resistance to the
ICPis, there is growing evidence that combination therapies are far more effective
than monotherapies to combat resistance mechanisms as tumors use multiple path-
ways to evade immune elimination [174]. Further, as these co-inhibitory receptors
have non-redundant signaling pathways, a combined blockade of these
mechanistically different pathways may be synergistic in restoring T cell-mediated
immune response [128]. Recently, FDA approved nivolumab in combination with
ipilimumab for the treatment of patients with BRAF V600 wild-type, unresectable
or metastatic melanoma and advanced renal cell carcinoma [164]. There is intense
research to identify optimal combinations that would increase the response rate and
the duration of response. Targeted therapies are known to produce rapid onset of
tumor regression [175]. However, the response is short-lived. On the contrary,
immunotherapies produce more durable response; but, it takes longer to initiate
tumor regression. Due to their complimentary outcomes, combinations of targeted
and immunotherapy are being investigated in several clinical trials and emerging
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Table 1.1 FDA-approved immune checkpoint inhibitors and indications®

Drug

Immune
checkpoint(s)

FDA-approved tumor type®

Ipilimumab

CTLA-4

Unresectable or metastatic melanoma

Nivolumab

PD-1

Unresectable or metastatic melanoma

Metastatic non-small cell lung cancer

Advanced renal cell carcinoma

Classical Hodgkin lymphoma

Recurrent or metastatic squamous cell carcinoma
of the head and neck

Locally advanced or metastatic urothelial
carcinoma

Mismatch repair deficient and microsatellite
instability high metastatic colorectal cancer

Hepatocellular carcinoma

Pembrolizumab

PD-1

Unresectable or metastatic melanoma

PD-L1-positive non-small cell lung cancer

Recurrent or metastatic squamous cell carcinoma
of the head and neck

Classical Hodgkin lymphoma

Locally advanced or metastatic urothelial
carcinoma

Unresectable or metastatic microsatellite
instability-high or mismatch repair deficient solid
tumors

Recurrent locally advanced or metastatic
PD-L1-positive gastric or gastroesophageal
junction adenocarcinoma

Atezolizumab

PD-L1

Metastatic urothelial carcinoma

Metastatic non-small cell lung cancer

Durvalumab

PD-L1

Locally advanced or metastatic urothelial
carcinoma

Unresectable stage I1I non-small cell lung cancer

Avelumab

PD-L1

Metastatic Merkel cell carcinoma

Locally advanced or metastatic urothelial
carcinoma

Nivolumab in
combination with
ipilimumab

PD-1 and
CTLA-4

Unresectable or metastatic melanoma
Advanced renal cell carcinoma

“List of FDA-approved immune checkpoint inhibitors as of May 15, 2018, adapted from: https://
www.fda.gov/Drugs/InformationOnDrugs/ApprovedDrugs/ucm279174.htm
"Tumor type must meet the criteria listed in the abovementioned website

data suggests that such combinations may potentially be synergistic [176]. Similarly,
radiation-induced immunomodulatory changes provide local control and prolong
survival, but are insufficient to shift the balance of the immunosuppressive TME to


https://www.fda.gov/Drugs/InformationOnDrugs/ApprovedDrugs/ucm279174.htm
https://www.fda.gov/Drugs/InformationOnDrugs/ApprovedDrugs/ucm279174.htm
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achieve tumor rejection [177]. To overcome this limitation, clinical studies evaluat-
ing the combination of radiotherapy and ICPis are currently underway [178, 179].

Emerging data suggest that activation of innate immune system could break the
immunosuppressive dynamics of TME to evoke an effective antitumor immune
response. Importantly, this process leads to initiation of adaptive immune response
by enhancement of the T cell priming process. TLRs, the most important receptors
in innate immunity exhibit dual role in cancer [180]. While some TLRs on cancer
cells favor tumor progression [181, 182] and promote resistance to chemotherapy,
most TLRs on immune cells serve as sensors [180]. Activation of these TLRs by
foreign antigens triggers a cascade of pro-inflammatory reactions that ultimately
initiates an adaptive immune response. Thus TLRs have been identified as potential
targets and several TLR agonists (TLR3, TLR4, TLRS, and TLR7 agonists) are
being investigated for clinical application [183, 184]. Similarly, an endoplasmic-
reticulum-membrane protein STING (Stimulator of Interferon Genes) that is highly
expressed in the APCs mediates potent antitumor activity by induction of innate
immunity and initiation of adaptive immunity [184]. Typically, self DNA is located
in the nucleus or mitochondrion, while microbial/tumor-derived DNA is located in
the cytoplasm. By virtue of their location, the tumor-derived DNA is identified by
several cytosolic DNA sensors triggering activation of STING signaling in the
APCs [185]. The resultant downstream signaling through STING pathway results in
phosphorylation of interferon regulatory factor 3 (IRF3) and nuclear factor-xB and
subsequent induction of pro-inflammatory molecules, IFN f§ and cytokines such as
TNF, IL-1p, and IL-6. In the process, IFNs also promote cross-priming of T cells by
the DCs resulting in initiation of adaptive immune response [186]. As activation of
STING pathway promotes T cell priming and induction of adaptive immune mecha-
nism, several STING agonists as vaccine adjuvants and in combination with other
immunomodulators are being investigated [187—189]. Thus strategies that bridge
the innate and adaptive immune response may have therapeutic utility.

Translational Relevance

Immunotherapeutic agents have revolutionized the treatment paradigm of patients
with advanced cancer. However, significant survival benefit has been observed only
in a subset of patients. Biomarker-driven drug development is therefore critical, as
it may help physicians to preselect patients who are most likely to derive benefit,
and more importantly, allow patients who are less likely to benefit to look for alter-
nate therapies and spare them from avoidable immune-related toxicities and cost of
treatment [190]. Some of the important biomarkers of response are:



1 Overview of Basic Immunology and Translational Relevance for Clinical Investigators 21
PD-L1 Expression

Early phase I trials suggest that cell surface expression of PD-L1 on tumor cells in
pretreatment tissue samples could serve as biomarker of response to treatment with
anti-PD-1/PD-L1 therapies. In a phase I study of MDX-1106, an anti-PD-1 inhibi-
tor, in 39 patients with advanced cancers, tumor biopsies from 9 patients were ana-
lyzed for PD-L1 expression by immunohistochemistry (IHC) [159]. Objective
response was observed in 3 of 4 patients (75%) with PD-L1-positive tumors, while
none of the 5 patients with PD-L1-negative tumors had a response. Similar results
were observed in another phase I study of BMS-936558 (nivolumab), an anti-PD1
therapy, in which pretreatment tumor tissue from 42 patients with advanced cancer
was analyzed for PD-L1 expression by IHC [191]. Nine of 25 patients (36%) with
PD-L1-positive tumors had objective response, while none of the 17 patients with
PD-L1-negative tumors had a response indicating the possibility of an association
between PD-L1 expression on pretreatment samples and objective response.
Recently, FDA approved expression of PD-L1 by IHC using 22C3 pharmDx as a
diagnostic test for selecting NSCLC patients for treatment with pembrolizamab
[192]. However, PD-L1 expression in pretreatment tumor tissue as an absolute bio-
marker to predict response to PD-1/PD-L1 pathway inhibitors has been questioned
for various reasons. In a phase I study conducted to evaluate the safety and efficacy
of MPDL3280A, an anti-PD-L1 inhibitor, objective response rate (ORR) of 46%
was reported in patients with high PD-L1 expression on pretreatment immune cells,
17% in patients with moderate PD-L1 expression, 21% in patients with minimal
PD-L1 expression, and 13% in patients with absent PD-L1-expression in tumor
immune cells [193]. Surprisingly, response to treatment was observed even in
patients with PD-L1-negative disease. In addition, the association between response
to therapy and PD-L1 status was discordant depending on PD-L1 expression on
tumor cells or tumor immune cells. PD-L1 expression on tumor-infiltrating immune
cells was significantly associated with response to MPDL3280A (P = 0.007),
whereas, PD-L1 expression on tumor cells was not significantly associated with
response (P =0.079). In addition, in a phase III study, survival benefits were seen in
NSCLC patients treated with atezolizumab compared to docetaxel regardless of
PD-L1 expression in the tumor or immune cells [194]. There is also marked hetero-
geneity in PD-L1 expression between samples from the primary and metastatic sites
in the same individual [195]. Further, the predictive potential of PD-L1 expression
is challenged due to technical issues such as lack of standardized PD-L1 diagnostic
assay, use of different PD-L1 antibody clones by multiple immune assays, different
staining procedures for IHC staining, different cut-off values and scoring patterns
[196]. As a result, there is lack of defined criteria to determine PD-L1-status of the
patient. The above findings suggest that though PD-L1 expression in tumor tissue
may indicate an increased likelihood of response to treatment with PD-1/PD-L1
inhibitors, it may not be a definitive biomarker to exclude PD-L1-negative patients
from therapy [193, 197].



22 B. Stephen and J. Hajjar
Tumor Infiltrating Lymphocytes (TILs)

There is a broad literature of evidence that infiltration of tumor tissue by T cells,
specifically CD8+ T cell density at the invasive tumor edge, is associated with
improved survival in patients with melanoma, breast, ovarian, lung, esophageal,
gastric, renal cell, colorectal and bladder carcinoma among other solid tumors
[198-200]. On the contrary, infiltration of the tumor tissue by Tregs is associated
with poor survival in ovarian, breast cancer, hepatocellular carcinoma [201-203].
Interestingly, strong intratumoral infiltration by CD8+ T cells and Th1 cells did not
favor immune elimination of tumors in patients with mismatch repair-deficient
colorectal cancer [204]. Despite a hostile TME, the tumors survived due to strong
co-expression of several immune checkpoints such as PD-1, PD-L1, CTLA-4, Lag-
3, and IDO in the invasive margin, stroma, and TILs. This finding suggests that the
tumors may be responsive to checkpoint blockade. As a result, MMR status may be
predictive of response to checkpoint inhibition.

Further, the type, density, and location of immune cells within the tumor (col-
lectively known as immune contexture) have prognostic value. Multiple immune
markers including total T lymphocytes (CD3), T cell effectors (CD8), their associ-
ated cytotoxic molecule (GZMB), and memory T cells (CD45RO) in the center of
tumor (CT) and the invasive margin (IM) were quantified using [HC in tumors from
415 colorectal cancer patients [205]. The immune cell densities in each tumor
region were higher in patients without recurrence than in patients with recurrence
and were predictive of disease free survival (DFS) and OS. These results were inde-
pendent of the staging of the tumor indicating the role of adaptive immune response
in preventing tumor recurrence. In addition, presence of markers for Th1 polariza-
tion, cytotoxic and memory cells were predictive of low recurrence rate.

Baseline expression of TILs may not always suggest response to immune check-
point blockade. TILs may not always predict response to ICPis. For example, CD8+
T cells at the IM were positively associated to response with pembrolizumab in
patients with metastatic melanoma [206], but not in patients with unresectable stage
III/TV melanoma treated with ipilimumab [207]. However, on treatment increase in
the levels of tumor infiltrating T cells at the CT and IM were predictive of response
to treatment with ICPi in several studies [206-208]. The antitumor activity was
largely dependent on pre-existing adaptive immune mechanism as evidenced by the
presence of higher numbers of CD8-, PD-1-, and PD-L1-expressing cells in the
baseline samples [206].

Immunoscore

Immunoscore is a methodology by which in situ immune infiltrate is quantified.
This supersedes the TNM classification of tumors used for estimation of the degree
of progression of the tumor to make informed treatment decisions [205]. Marked



1 Overview of Basic Immunology and Translational Relevance for Clinical Investigators 23

variations in clinical outcomes among patients with the same stage of disease were
observed with TNM classification, partly due to failure to include the immune cells
in the TME in TNM classification of tumors. As the interaction between the tumor
cells and the immune cells play an important role in immune escape and progression
of the tumor, immune contexture discussed above is a better prognostic indicator
than TNM classification [209]. Therefore, a new scoring system was derived from
immune contexture called the immunoscore, which is a ratio of the densities of two
lymphocyte populations, CD3/CD45R0O, CD3/CD8 or CD8/CD45RO, in the CT
and IM. Due to difficulty in staining methods, a combination of two markers (CD3+
and CD8+) in CT and IM has been used by the worldwide immunoscore consortium
in the development and validation of immunoscore as prognostic markers in differ-
ent patient populations. The score ranges from immunoscore 0 (I0), when the densi-
ties of both the lymphocyte populations are low in both the regions to immunoscore
4 (I4), when the densities of both the lymphocyte populations are high in both the
regions. This score is the strongest prognostic indicator of DFS and OS in patients
with local and metastatic disease [210]. Recently, the consensus immunoscore was
validated in a study conducted by an international consortium of centers in 13 coun-
tries [211]. In the analysis that included tissue samples from 2681 colorectal cancer
patients, patients with a high immunoscore had the lowest risk of recurrence in
5 years, prolonged DFS and OS, a finding that has been confirmed in both the inter-
nal and external validation set. This scoring system will help to stratify patients
based on the risk of recurrence. However, the universal application of immunoscore
across tumor types has to be determined.

T Cell Receptor Diversity

As T cells play an important role in recognition and eradication of cancer cells, a
diverse TCR repertoire will allow for detection of wide range of foreign antigens.
On activation, TCRs undergo clonal expansion. Thus characterization and estima-
tion of TCR repertoire diversity by next generation sequencing of CDR3 may pro-
vide insight into antitumor activity of ICPis. In a melanoma patient with metastatic
lesion to the brain that progressed on ipilimumab, a durable complete clinical
response was achieved with sequential whole brain radiation therapy and pembroli-
zumab [212]. A high-throughput CDR3 sequencing of the intratumoral T cells in the
brain metastasis obtained before treatment and the circulating peripheral T cells
obtained sequentially during treatment showed that the dominant CD8+ T cell clone
in the brain metastasis (pretreatment) had clonally expanded on treatment with
pembrolizumab and was detected as the most frequently occurring clone in the
blood. This indicates presence of pre-existing but inadequate adaptive immune
response that was bolstered by treatment with pembrolizumab. Similar on-treatment
clonal expansion of a CD8+ T cell clone present in the metastatic site prior to treat-
ment was seen in a NSCLC patient who experienced pathological complete response
with nivolumab [213]. In 10 patients with metastatic melanoma treated with
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nivolumab [214], oligoclonal expansion of certain TCR-f clonotypes was observed
in post-treatment tumor tissues of responders. Similar results were also observed in
25 patients with metastatic melanoma treated with pembrolizumab [206]. TCR
sequencing of pre- and post-treatment samples showed the number of clones that
had expanded was ten times more in the responders than in non-responders. Further,
clinical response was associated with a more restricted TCR beta chain usage in
pre-dosing samples. Thus, a diverse TCR repertoire at baseline and on-treatment
tumor antigen-specific clonal expansion may be predictive of response to treatment
with ICPis.

Mutation Load and Molecular Alterations

Tumors with high mutational load such as melanoma, NSCLC, head and neck squa-
mous cell carcinoma (HNSCC) are more likely to respond to treatment with ICPis
as neoepitomes generated by somatic mutations function as neoantigens and elicit a
brisk immune response [215]. In several clinical trials, higher clinical benefit rate
and longer progression-free survival have been reported in patients with high muta-
tion burden treated with ICPis [215-217]. It is for the same reason that improved
treatment outcomes with ICPis have been reported in patients with solid tumors,
colorectal cancer patients in particular, with defects in the mismatch repair (MMR)
mechanism [218, 219]. However, Snyder and colleagues described that while high
mutational load correlated to sustained response to CTLA-4 blockade, not all mela-
noma patients with high mutational load responded to therapy [216]. But, the pres-
ence of tetrapeptide neoepitope signature in these patients with high mutation load
correlated strongly with long-term clinical benefit and OS. On the contrary, tumors
with low mutational loads (e.g., pancreatic and prostate cancer) were not responsive
to ICPi. Also, molecular alterations in the PI3K pathway may promote tumor
immune evasion through constitutive expression of PD-L1 [220]. Assessment of
PD-L1 expression in such conditions may predict response with PD-1/PD-L1 inhib-
itors. Similarly, increased expression of VEGF promotes angiogenesis and is associ-
ated with poor prognosis [199].

Immune Gene Signature

Differential expression of genes may help to identify phenotypes responsive to treat-
ment with ICPis. For example, loss-of-function BRCA2 mutations with specific muta-
tional signatures were identified in responding melanoma tumors sampled from
patients on treatment with anti-PD-1 agents [217]. Likewise, in melanoma patients
treated with pembrolizumab, an IFN-y 10-gene and an expanded immune 28-gene
signatures in pretreatment samples were significantly associated with ORR and PFS
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[221]. On further evaluation, more refined immune signatures were found to produce
similar results in patients with HNSCC and gastric cancer [222]. High pretreatment
levels of IFN-y mRNA and PD-L1 protein expression were associated with increased
ORR and longer OS in NSCLC patients treated with durvalumab [223]. A similar
association between high expression of T-effector-associated, IFN-y-associated and
PD-L1 genes in tumor tissue and improved OS was seen in NSCLC patients treated
with atezolizumab [224]. The T-effector-associated and IFN-y-associated gene
expression was associated with PD-L1 expression on immune cells and not on tumor
cells suggesting the role of pre-existing adaptive immune response. On the contrary, a
group of 26 innate anti-PD-1 resistance (IPRES) signatures characterized by higher
expression of mesenchymal transition, angiogenesis, hypoxia, and wound healing
genes were identified in pretreatment melanoma tumors resistant to anti-PD-1 therapy
[217]. The IPRES signature was also found in non-responsive pretreatment tumor
samples from patients with other solid tumors such as adenocarcinoma of the lung,
colon, and pancreas and clear cell carcinoma of kidney. Thus immune-related gene
expression signatures may be associated with treatment outcomes.

Cancer Immunogram

The cancer immunogram model was developed to overcome the limitation that no
single biomarker can truly reflect the dynamic interaction between the immune cells
and tumor. Based on the assumption that T cells are the ultimate effectors of antitu-
mor activity, seven parameters were included in the model to understand the interac-
tion between the tumor and the immune cells in the TME of the patient [225]. The
seven parameters and their potential biomarkers in parenthesis are: (1) tumor foreign-
ness (mutation load), (2) general immune status (lymphocyte count), (3) immune cell
infiltration (intratumoral T cells), (4) absence of checkpoints (PD-L1), (5) absence of
soluble inhibitors (IL-6 and C-reactive protein [CRP]), (6) absence of inhibitory
tumor metabolism (lactate dehydrogenase [LDH], glucose utilization), (7) and tumor
sensitivity to immune effectors (MHC expression, IFN-y sensitivity). The data points
for each of the seven parameters are plotted in a radar plot and the line joining the
individual data points provides a personalized framework reflecting the interaction in
the TME. The gaps in the radar plot indicate potential therapeutic strategies that may
evoke an effective immune response in the patient.

A modified immunogram has been developed based on the seven steps in the
cancer immunity cycle for use in NSCLC patients [226]. The eight axes of the immu-
nogram score (IGS) are: IGS,, existence of T cell immunity in the tumor; IGS,,
tumor antigenicity (existence of neoantigens and cancer germline antigens); IGS;,
priming and activation (presence of activated DCs); IGS,, trafficking and T cell infil-
tration; IGSs, recognition of tumor antigens; IGS,, absence of inhibitory cells (Tregs
and MDSCs); IGS,, absence of checkpoint expression (PD-1, PD-LI, etc.); and
IGS;, absence of inhibitory molecules (IDO 1, arginase 1, etc.). High scores for
IGS_;s indicate a favorable environment for development of T cell immunity. On the
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contrary, high scores for IGSe 5 indicate immune suppression. Based on the radar
plot, three groups of patients have been identified. Patients with high IGS, 5 and low
IGS; g represent T cell-rich phenotype where antitumor activity is dampened by an
immunosuppressive TME, patients with low IGS;, IGS;_s represent T cell-poor phe-
notype with defects in the T cell priming process, and patients in whom IGS,, IGS¢ g
are maintained represent an intermediate phenotype. Thus, the immunogram helps to
identify areas of therapeutic focus to elicit an effective antitumor response. Cancer
immunograms are promising for personalized approach to immunotherapy.

Serum Biomarkers

Several routinely available peripheral blood parameters have been evaluated as a
biomarker of response to treatment with ICPis [208, 227-234]. Most common
among them are absolute lymphocyte count (ALC), absolute eosinophil count
(AEC), LDH, and CRP. In a compassionate use trial with ipilimumab in patients
with advanced refractory melanoma, ALC >1000/pL after two treatments with ipili-
mumab was significantly associated with clinical benefit and OS [230, 231]. Though
ALC at baseline and after one dose of ipilimumab showed only a trend for improved
treatment outcomes, they may be prognostic because a threshold ALC of 1000 cells/
pL may be required for adequate activation of the immune system for patients to
derive meaningful antitumor response with therapy. Similar results were seen in
several clinical trials in patients with melanoma treated with ipilimumab [230-234],
where an increase in ALC levels from baseline was associated with improved OS
and disease control compared to patients with stable or decreasing levels. Likewise
increase in AEC levels after two courses of ipilimumab was associated with OS
[230] and was an independent predictor of response in patients with melanoma
[235]. On the other hand, elevated level of LDH at baseline was an independent
predictor of poor survival [230, 236]. Despite the association between these periph-
eral blood parameters and treatment outcomes, there is no validated biomarker
available for use in the clinic.

Circulating Biomarkers

Serial assessment of circulating tumor cells (CTCs) and circulating tumor DNA
(ctDNA), which is a measure of tumor burden, may predict response to treatment
with checkpoint inhibitors. The association between ctDNA and treatment out-
comes was evaluated in three groups of patients treated with PD-1 inhibitors as
single agents or in combination with ipilimumab [237]. Group A included patients
with undetectable ctDNA at baseline and during treatment, Group B had patients
with detectable ctDNA at baseline but undetectable early during therapy, and Group
Cincluded patients with detectable ctDNA at baseline and during therapy. Compared
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to baseline ctDNA, persistent on treatment levels of ctDNA was associated with
decreased ORR and poor survival. On the other hand, increase in circulating levels
of immune cells, Ki-67+ T cells, was associated with clinical benefit in NSCLC
patients on treatment with PD-1 inhibitors [238]. If these findings are validated in
large prospective cohorts, in the context of intratumoral heterogeneity, minimally
invasive and easily accessible liquid biopsies may serve as a more comprehensive
alternate technique for biomarker assessment.

Microbiome Assessment

Emerging data indicate that gut microbiome may be associated with response to
treatment with PD-1 inhibitors. Alpha diversity of gut microbiomes in fecal samples
was significantly higher in patients with metastatic melanoma responding (CR/PR/
SD >6 months) to treatment with PD-1 inhibitors [239]. And, patients with higher
alpha diversity had longer PFS compared to patients with low or intermediate diver-
sity. Further, the gut microbiome was enriched for Clostridiales in responders and
Bacteroidales in non-responders. And patients with abundance of Faecalibacterium
genus in Clostridiales order had significantly longer PFS compared to patients with
abundance of Bacteroidales. Thus favorable gut microbiome may enhance antitu-
mor response in patients treated with checkpoint inhibitors.

Due to the dynamic nature of immune response, development of immune oncol-
ogy biomarkers is challenging. To this end, immune monitoring assays have been
developed to perform genomic, proteomic, and functional studies on paired tumor
and blood samples obtained before and after treatment with immunotherapeutic
agents [197]. It is expected that correlation of changes in these biomarkers to treat-
ment outcomes would provide mechanistic insight into pathways of response or
resistance to immunotherapeutic agents that could guide the development of
biomarker-driven, synergistic, immunotherapy-based treatment combinations. In
addition, biomarkers may vary depending on the mechanism of action of the immu-
notherapeutic agent [159, 191]. Therefore, identification of a single immunologic
biomarker may not be predictive of response [197]. This indicates a need to identify
multi-factorial biomarker panels that would help to determine the immunogenic
nature of the tumor and predict response or resistance to treatment. For example,
presence of intratumoral CD8+ T cells, expression of PD-L1 on tumor cells, and
increased mutational load have been associated with greater likelihood of response
to PD-1/PD-L1 checkpoint inhibition [240].

Conclusion

Seminal studies have described the different components of the innate and adaptive
immune system. Though they are two distinct arms of the human immune system,
they are intricately organized in time and space and are critically dependent upon
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one another. While the blockade of immune checkpoints by mAbs to unleash the
antitumor immune response by T cells has now emerged as a powerful therapeutic
tool in the treatment of advanced cancer, components of the innate immune system
contribute to the activation and development of adaptive immunity. Improved under-
standing of the interaction between the tumor cells and the immune cells in the
complex TME through rigorous immune profiling will guide the future develop-
ment of new immunotherapeutic strategies as well as the identification of potential
biomarkers of clinical response.
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Chapter 2
Immunotherapy for Melanoma

Isabella C. Glitza Oliva and Rana Alqusairi

Abstract While melanoma is less common than some other skin cancers, it is
responsible for nearly 10,000 deaths in the USA each year alone. For many decades,
very limited treatment options were available for patients with metastatic melanoma.
However, recent breakthroughs have brought new hopes for patients and providers.
While targeted therapy with BRAF and MEK inhibitors represents an important
cornerstone in the treatment of metastatic melanoma, this chapter carefully reviews
the past and current therapy options available, with a significant focus on
immunotherapy-based approaches. In addition, we provide an overview of the
results of recent advances in the adjuvant setting for patients with resected stage I11
and stage IV melanoma, as well as in patients with melanoma brain metastases.
Finally, we provide a quick overview over the current research efforts in the field of
immuno-oncology and melanoma.

Keywords Melanoma - Immunotherapy - Ipilimumab - Pembrolizumab -

Nivolumab - CTLA-4 - PD-1 - PD-L1 - Adjuvant therapy - Brain metastasis

Introduction

Melanoma is malignant proliferation of melanocytes, which are primarily found in the
skin, but can also be identified in the uvea, gastrointestinal mucosa, genitourinary
mucosa, as well as meninges/CNS [1]. While it only comprises about 1% of all skin
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cancer cases, it is accountable for the majority of all deaths from skin cancer.! 2
Furthermore, the annual incidence has been increasing worldwide.* * While some of
the rise may be caused by increased skin cancer awareness and earlier detection, sun-
related behaviors such as indoor tanning have been contributing to the incidence [2].
Based on data from the American Cancer Society, 91,270 new cases of melanoma will
be diagnosed in 2018 in the United States alone, with 9320 people expected to die of
the disease.’ Melanoma can affect anyone; but risk factors like fair skin, exposure to
ultraviolet radiation (sun exposure, tanning beds), history of blistering sunburns in
early age, dysplastic or atypical nevi, 50 or more of small nevi, and familial dysplastic
nevus syndrome increase the likelihood of melanoma.® 7 It is important to note that
although melanoma can be associated with preexisting nevi, about 70% of cases can
develop de novo (i.e., not from a preexisting pigmented lesion)® [2]. Prognosis is
related to many components; and late stage, depth (thicker than 4 mm), advanced age,
male sex, and location (chest and back) are associated with poorer prognosis [3]. The
survival rate depends primarily on the stage, with 98% 5-year survival for stages I and
11, 62% for stage 11, and it decreases to 18% for stage V. 1

Treatment for early stage melanoma is surgery and is highly curable. Based on
thickness of the primary melanoma and presence of ulceration, initial surgery might
include sentinel node biopsy for staging. For patients with advanced and nonresectable
disease, systemic therapy most often represents the mainstay of therapy. However,
since 2011 we have seen a significant change in the treatment landscape for metastatic
melanoma, changing the outcomes in a substantial number of patients.

'“Melanoma: Statistics | Cancer.Net.” https://www.cancer.net/cancer-types/melanoma/statistics.
Accessed 6 Feb. 2018.

2“Cancer Facts & Figures 2017—American Cancer Society.” https://www.cancer.org/content/
dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2017/cancer-
facts-and-figures-2017.pdf. Accessed 6 Feb. 2018.

3“Melanoma: Statistics | Cancer.Net.” https://www.cancer.net/cancer-types/melanoma/statistics.
Accessed 6 Feb. 2018.

4¢Skin Cancer Screening (PDQ®)—NCBI—NIH.” 30 Nov. 2017, https://www.ncbi.nlm.nih.gov/
books/NBK65861/. Accessed 6 Feb. 2018.

3“Key Statistics for Melanoma Skin Cancer—American Cancer Society.” 4 Jan. 2018, https:/
www.cancer.org/cancer/melanoma-skin-cancer/about/key-statistics.html. Accessed 6 Feb. 2018.

¢“Cancer Facts & Figures 2017—American Cancer Society.” https://www.cancer.org/content/
dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2017/cancer-
facts-and-figures-2017.pdf. Accessed 6 Feb. 2018.

7“Meta-analysis of risk factors for cutaneous melanoma: I. Common and ...” http://www.ejcancer.
com/article/S0959-8049(04)00832-9/fulltext. Accessed 6 Feb. 2018.

8¢Skin Cancer Screening (PDQ®)—NCBI—NIH.” 30 Nov. 2017, https://www.ncbi.nlm.nih.gov/
books/NBK65861/. Accessed 6 Feb. 2018.

9“Melanoma: Statistics | Cancer.Net.” https://www.cancer.net/cancer-types/melanoma/statistics.
Accessed 6 Feb. 2018.

0¢“Cancer Facts & Figures 2017—American Cancer Society.” https://www.cancer.org/content/

dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2017/cancer-
facts-and-figures-2017.pdf. Accessed 6 Feb. 2018.


https://www.cancer.net/cancer-types/melanoma/statistics
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2017/cancer-facts-and-figures-2017.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2017/cancer-facts-and-figures-2017.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2017/cancer-facts-and-figures-2017.pdf
https://www.cancer.net/cancer-types/melanoma/statistics
https://www.ncbi.nlm.nih.gov/books/NBK65861/
https://www.ncbi.nlm.nih.gov/books/NBK65861/
https://www.cancer.org/cancer/melanoma-skin-cancer/about/key-statistics.html
https://www.cancer.org/cancer/melanoma-skin-cancer/about/key-statistics.html
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2017/cancer-facts-and-figures-2017.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2017/cancer-facts-and-figures-2017.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2017/cancer-facts-and-figures-2017.pdf
http://www.ejcancer.com/article/S0959-8049(04)00832-9/fulltext
http://www.ejcancer.com/article/S0959-8049(04)00832-9/fulltext
https://www.ncbi.nlm.nih.gov/books/NBK65861/
https://www.ncbi.nlm.nih.gov/books/NBK65861/
https://www.cancer.net/cancer-types/melanoma/statistics
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2017/cancer-facts-and-figures-2017.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2017/cancer-facts-and-figures-2017.pdf
https://www.cancer.org/content/dam/cancer-org/research/cancer-facts-and-statistics/annual-cancer-facts-and-figures/2017/cancer-facts-and-figures-2017.pdf

2 Immunotherapy for Melanoma 45

It should be mentioned that we also have seen tremendous results with the use of
targeted therapy in melanoma, but the focus of this chapter is to summarize the past,
present, and future of immunotherapy approaches used in the management of meta-
static melanoma.

History of Melanoma Treatment Options Up to 2011

High Dose Interleukin-2

Interleukin-2 (IL-2) is a T cell growth factor, which stimulates T cell proliferation
and cytotoxic activity [4]. It was the first immunotherapy to receive regulatory
approval in 1998 for the treatment of metastatic melanoma, based on durable objective
responses observed in these patients.

In a pooled analysis of 270 melanoma patients treated with high dose IL-2
(HD IL-2) between 1985 and 1993, the overall objective response rate (ORR)
was 16% [with complete response (CR) 6%, and partial response 10%].
Importantly, in patients with an ongoing response at 30-months mark no progression
was noted [5].

A retrospective chart review of 45 renal cell and 245 melanoma patients treated
with HD IL-2 showed median overall survival (OS) of 16.8 months [6]. For patients
who experienced a favorable response to treatment, median OS had not been
reached, and for patients with stable disease (SD), the median OS was 38.2 months,
compared to patients with progressive disease (PD) with a median survival of
7.9 months. In patients who achieved PR or CR, the 3-year OS was 78%.

The significant toxicities observed with HD IL-2 require intensive monitoring
and limit its use to specialized centers [7]. The majority of the major side effects,
hypotension, renal impairment, shortness of breath, pulmonary and generalized
edema, as well as neuropsychiatric alterations are thought to be caused by capillary
leak syndrome and lymphoid infiltration. However, toxicities typically resolve after
discontinuation of treatment.

Chemotherapy

Since 1975 until 2011, dacarbazine (DTIC) was the only available therapy for most
melanoma patients, despite limited efficacy. While ORR of up to 20% has been
reported, CRs are rare (~3—4%), and duration of response is fairly short (median
5-6 months), with only 1-2% of patients experiencing long-term survival [8, 9].
Side effects are typically very manageable and include myelosuppression, mild
nausea and vomiting, minimal alopecia, and fatigue, but most patients reported that
they are able to maintain acceptable quality of life [10, 11].
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The oral analog of DTIC, temozolomide (TMZ), has the ability to penetrate blood
brain barrier (BBB) and demonstrated modest antitumor activity [11-13]. A ran-
domized clinical phase III trial including 305 treatment naive metastatic melanoma
patients compared DTIC to TMZ and showed similar median OS between the two
groups, with 7.7 months for TMZ-treated patients and 6.4 months for those treated
with DTIC [Hazard ratio (HR), 1.18; 95% Confidence Interval (CI), 0.92—1.52] [14].
Median progression-free survival (PFS) time was short for both patients treated with
TMZ (1.9 month) or DTIC (1.5 month), however statistically significant (p = 0.012;
HR, 1.37; 95% CI, 1.07-1.75). Importantly, both TMZ and DTIC had similar safety
profiles, with mild to moderate nausea and vomiting and noncumulative, transient
myelosuppression being some of the most commonly observed toxicities.

Phase II trials of the combination of carboplatin and paclitaxel have shown to
also provide modest clinical benefit for patients with metastatic melanoma. In an
initial phase II trial, 17 patients were enrolled who had not received prior platinum
or taxane agents [15]. The dose for paclitaxel was 175 mg/m?, with carboplatin
[Area under the curve (AUC) 7.5]. Only 15 were evaluable, as two were taken off
study for anaphylactic reactions. Partial responses were observed in 20%, and SD in
47% of patients. Grade III or grade IV hematologic toxicities were common
(n=11), but all treatment-related toxicities were reversible and no treatment-related
deaths were observed.

This regimen also showed some efficacy as second-line therapy for patients.
Prior therapies included TMZ or DTIC [16]. This retrospective study evaluated 31
metastatic melanoma patients, who received treatment with weekly paclitaxel
(100 mg/m?) and carboplatin (AUC 2). Partial responses were observed in 26%
(n = 8) patients and 19% (n = 6) had stable disease. Median duration of response
was 5.7 months (range, 2.5—7.3 months). No unexpected toxicities were observed.

Nab-paclitaxel (Abraxane) is an albumin-bound preparation of paclitaxel. Its
single agent efficacy was evaluated in a phase II trial enrolling either untreated
(n = 37) or previously treated patients (n = 37) [17]. Abraxane was administered
either at 100 mg/m? weekly for 3 of 4 weeks (in previously treated patients) or at
150 mg/m? (in chemotherapy-naive patients). The response rate was higher for the
previously untreated patients (21.6% vs. 2.7%); however, median progression-free
survival (PFS) was 4.5 months and 3.5 months, and the median OS was 9.6 months
and 12.1 months, respectively. Grade III or IV toxicities included neuropathy,
alopecia, neutropenia, and fatigue.

The efficacy of combined nab-paclitaxel (100 mg/m?) and carboplatin (AUC 2)
was tested in a parallel phase II trial, which enrolled either previously treated (n = 34,
with over ~90% of patients previously treated with DTIC or TMZ) or treatment
naive patients (n = 39) [18]. Responses were observed in 25.6% of patients (1 CR, 9
PR) in the treatment naive cohort (90% CI, 16.7-42.3%) and in 8.8% (3 PR) of
patients who had received prior chemotherapy (90% CI, 2.5-21.3%). Median PFS
was similar for both groups (4.5 months treatment naive, 4.1 months pretreated), as
was median OS (11.1 months vs. 10.9 months, respectively). Toxicities included
thrombocytopenia, neurosensory problems, fatigue, nausea, and vomiting.
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The triple chemotherapy combination of cisplatin, vinblastine, and dacarbazine
(CVD) showed significant antitumor activity in a phase II study [19]. Vinblastine
(1.6 mg/m*day for 5 days), DTIC (800 mg/m? day 1), and cisplatin (20 mg/m*/day
for 4 days) were administered to patients with metastatic melanoma. Of the 50
evaluable patients, 4% patients (n = 2) achieved a CR and 36% (n = 18) patients a PR.
The median duration of response was 9 months; for patients who experienced a
response the median OS was 12 months. Significant toxicities were observed, with
dose limiting toxicities consisting of peripheral neuropathy.

The addition of interleukin-2 and interferon to the CVD regimen has been labeled
biochemotherapy (BCT). BCT was compared directly to CVD in a phase III trial,
enrolling patients that were either treatment naive or had received adjuvant inter-
feron [20]. A total of 395 patients was assessed (CVD, n = 195; BCT, n = 200).
Response rates were only numerically higher for BCT (19.5% vs. 13.8%, p =0.140),
but median PFS was significantly longer for BCT than for CVD (4.8 months vs.
2.9 months; p = 0.015). It should be mentioned that the improved PFS did not trans-
late into longer OS (9.0 months vs. 8.7 months) or the significantly higher percent-
age of patients alive at 1 year (41% vs. 36.9%). In addition, grade 3 and 4 toxicities
were more commonly observed with BCT (95% vs. 73%; p = 0.001).

While chemotherapy is nowadays rarely used in front line, multiple trials are
ongoing to explore the efficacy of chemotherapy agents in combination with immu-
notherapy (e.g., NCT02617849, NCT01827111, NCT01676649).

Finally, melphalan has been used for decades as part of isolated limb perfusion
(ISP) for patients with localized in-transit metastases [21]. While its use has signifi-
cantly diminished in the era of new effective targeted and immunotherapy, it should
be pointed out that melphalan-based ILP (M-ILP) led to complete responses (CRs)
in 40-50% and overall responses (OR) of 75-80% of patients [22]. The efficacy of
this regimen is even more increased when tumor necrosis factor (TNF) is added to
melphalan (TM-ILP) [21].

Adoptive Cell Therapy (ACT)

Adoptive cell therapy represents a patient-tailored therapeutic approach for patients,
using the autologous derived T cells. While this approach has been used for decades,
its use has been limited by the need for specialized laboratories as well as the need
for hospital units able to manage the toxicities from HD IL-2, which is most com-
monly administered in conjunction with the T cell product [23].

Some of the initial trials using autologous derived TIL for metastatic melanoma
patients were reported in 1994 [24]. The ORR was 34% for all patients, and side
effects stemmed mainly from the HD-IL. Another clinical trial reported a response
rate of 51% (9% CR) in 35 patients with metastatic melanoma. Prior lines of therapy
with either HD IL-2 and/or chemotherapy were allowed. All patients were pre-treated
with fludarabine and cyclophosphamide for lymphodepletion prior to T cell infusion.
Mean duration of response was 11.5 = 2.2 months [25]. Since then, different



48 I. C. Glitza Oliva and R. Alqusairi

approaches have been developed and tested to improve efficacy and toxicity
profile of adoptive cell therapy, and multiple clinical trials are currently ongoing
(e.g., NCT02652455, NCT01955460) [26, 27].

Immune Checkpoint Inhibitors

The development of checkpoint inhibitors (CPIs) has revolutionized the treatment
in metastatic melanoma, and these agents are now successfully used in various other
cancer types. However, research to understand the mechanisms of T cell signal
transduction was initiated decades ago [28]. The cytotoxic T-lymphocyte-associated
protein 4 (CTLA-4) was discovered in 1987, and competes with CD28 to bind to
CD80 (B7-1) and CD86 (B7-2) [29]. By binding, CTLA-4 downregulates pathways
of T cell activation by competitively binding to B7 proteins (required for stimula-
tion of T cells). Recently, it also has been shown that anti-CTLA-4 induces the
expansion of an ICOS* Thl-like CD4 effector population, which means it engages
a different cellular pathway than the programmed cell death protein 1 (PD-1) anti-
body, which leads to the expansion of specific tumor-infiltrating exhausted-like
CD8 T cell subsets [30]. Similarly to CTLA-4, PD-1 negatively regulates the anti-
tumor response.

To date, one CTLA-4 antibody (ipilimumab) and two anti-PD-1 antibodies have
received regulatory approval for the treatment of melanoma, as well as in other
cancer types.

Ipilimumab

Ipilimumab is a fully human, monoclonal IgG1 antibody that inhibits CTLA-4.
Ipilimumab was initially approved in 2011 by the FDA for the treatment of unre-
sectable metastatic melanoma.

In a randomized, double-blind, phase III study, 676 patients were with either
ipilimumab plus gpl100 peptide vaccine, gpl00 alone, or ipilimumab alone in a
3:1:1 ratio [31]. The OS was significantly longer (10.0 months) in the combination
arm than for patients treated with gp100 alone (6.4 months, <0.001), and no differ-
ence in the OS was noted between the two ipilimumab groups (HR with ipilimumab
plus gp100, 1.04; p = 0.76). Ipilimumab as single agent resulted in a RR of 10.9%,
with a disease control rate of 28.5%. Patients treated with either ipilimumab or ipili-
mumab plus gp100 experienced immune-related events in about 60% (compared to
32% with gp100). Grade III or IV toxicities were also higher in the ipilimumab
groups (10-15% vs. 3%).

In another phase III trial, 502 untreated metastatic melanoma patients were ran-
domly assigned to either ipilimumab (10 mg/kg) plus DTIC (850 mg/m?) versus
DTIC plus placebo (n = 252). The response rate (CR + PR) was 15.2% in patients
who received ipilimumab/DTIC combination versus 10.3% in DTIC/placebo group
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(»p = 0.09). Addition of ipilimumab led to a significantly longer median OS, as
survival was 11.2 and 9.1 months for the DTIC group (HR for death with ipilim-
umab/DTIC 0.72; p < 0.001) [32]. The combination therapy resulted in more grade
IIT and IV toxicities (56.3% vs. 27.5%), with the most common grade 4 toxicity
being elevation in liver enzymes.

Furthermore, ipilimumab is currently being tested in various combination,
including chemotherapy, radiotherapy, vaccines, and cytokines (NCT02644967,
NCT02259231, NCT02307149, NCT02203604, NCT02073123, NCT01940809,
NCT03297463), as well as in combination with another CPI (nivolumab, see below).

A retrospective study tried to identify if there is a role for HD IL-2 in patients
after they received prior CPI therapy. The authors identified 52 metastatic mela-
noma patients that received prior ipilimumab and HD and 272 patients that did not
receive any prior CPI at time of HD IL-2 [33]. The median OS was similar for both
the prior ipilimumab versus no prior CPI (19.3 months vs. 19.4 months), but HD
IL-2 led to a higher response rate in ipilimumab-exposed patients (21% vs. 12%).
Toxicities were somewhat similar between the two groups, but CTLA-4-induced
colitis remained a concern.

PD-1 Inhibitors

PD-1, programmed cell death protein 1, is a negative regulator of T cell activity and
is expressed by T cells with excessive exposure to antigens. Its primary ligand,
PD-L1, is frequently expressed throughout cancerous cells and TILs [34]. The other
ligand, PD-L2, is expressed mainly by antigen-presenting cells (APCs). Both
ligands are members of B7 protein family. An association between overexpression
of PD-1 and PD-L1 on tumor cells and TILs and disease outcomes has been observed
in some tumor types [35].

Nivolumab

Nivolumab is a fully human immunoglobulin IgG4 monoclonal antibody directed
against PD-1 and was granted regulatory approval in 2014 for the treatment of meta-
static melanoma.

In Checkmate-066, a phase III randomized double-blind study, 418 previously
untreated patients with metastatic melanoma without a BRAF mutation were ran-
domly assigned to receive either nivolumab (3 mg/kg) and DTIC-matched placebo, or
DTIC (1000 mg/m?) with nivolumab-matched placebo [36]. The overall response rate
was 40% (95% CI, 33.3—47.0) in anti-PD-1-treated patients, with over 7% achieving
a complete response versus 13.9% overall response (95% CI, 9.5-19.4) and 1% com-
plete response in the DTIC group. Very encouraging was also the 1-year OS for the
nivolumab group was 72.9% as compared to 42.1% in the DTIC group. Nivolumab
also compared favorable to dacarbazine in regard to grade 3 and 4 adverse events.
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Ipilimumab and Nivolumab in Combination

Based on the outcomes of melanoma patients treated with either CTLA-4 or PD-1
CPI monotherapy and a better understanding of activation of T cells, the combina-
tion of ipilimumab and nivolumab was tested. Checkmate-069 was a double-blind
phase II study, randomly assigned (in a 2:1 ratio) 142 previously untreated patients
with metastatic melanoma to receive ipilimumab 3 mg/kg combined with either
nivolumab 1 mg/kg or placebo, once every 3 weeks for four doses, followed by
nivolumab 3 mg/kg or placebo every 2 weeks [37]. The overall RR for the combina-
tion therapy was 56%, with 22% of patients achieving a CR. Similar to prior reports,
the RR for patients with ipilimumab was only 11% (p < 0.0001, compared to
nivolumab) and no patient had a complete response. At median follow-up of
24.5 months (IQR 9.1-25.7), median PFS had not been reached for the ipilimumab/
nivolumab group and was 3.0 months (95% CI 2.7-5.1) in the CTLA-4 only group
(HR 0.36, 95% CI 0.22-0.56; p < 0.0001). In the combination group, 49% of
patients discontinued study drug due to toxicities, compared to 22% in the ipilim-
umab group, and grade 3 or 4 adverse events were reported in 54% of the patients
who received the ipilimumab and nivolumab versus 24% of the patients who
received ipilimumab monotherapy, respectively.

In a large, randomized, double-blind, phase 3 study (Checkmate-067), a total of
945 previously untreated patients were assigned 1:1:1 ratio to receive nivolumab
alone, nivolumab plus ipilimumab, or ipilimumab alone. Nivolumab was adminis-
tered at 3mg/kg every 2 weeks (plus ipilimumab-matched placebo), or 1 mg/kg of
nivolumab every 3 weeks plus 3 mg/kg of ipilimumab every 3 weeks for 4 doses (plus
nivolumab-matched placebo), followed by 3 mg/kg of nivolumab every 2 weeks for
cycle 3 and beyond, or 3 mg/kg of ipilimumab every 3 weeks for 4 doses (plus
nivolumab-matched placebo) [38]. Overall response rates ranged from 19% (2.2%
CR) in the ipilimumab group to 43.7% (8.9% CR) in the nivolumab group to 57.6%
(11.5%) in the nivolumab and ipilimumab combination group. PES was significantly
longer in the combination group (11.5 months) compared to the ipilimumab group
(2.9 months; HR for death or disease progression, 0.42; 99.5% CI, 0.31-0.57;
p <0.001) and the nivolumab group (6.9 months; HR 0.74; 95% CI, 0.60-0.92). As
expected, more treatment-related grade 3 and 4 adverse events were observed in the
combination group (55.0%) compared to either single agent group [nivolumab group
(16.3%); ipilimumab group (27.3%)].

Pembrolizumab

Pembrolizumab is the second fully humanized IgG4 antibody directed against PD-1
receptor that has regulatory approval. It is FDA-approved for multiple different
tumor types. In KEYNOTE-002, a multicenter phase II study, 540 previously treated
patients were randomly assigned (in a ratio 1:1:1) to receive pembrolizumab 2 mg/
kg (n = 180), pembrolizumab 10 mg/kg (n = 181) given IV every 3 weeks, or
investigator-choice chemotherapy (paclitaxel plus carboplatin, paclitaxel,
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carboplatin, dacarbazine, or oral temozolomide; n = 179) [39]. Higher response
rates were observed in both pembrolizumab groups (2 mg/kg group: 21%; 10 mg/kg
group: 25%) versus 4% response rate in the group treated with chemotherapy. Grade
IIT and IV adverse events were more frequent (26%) in the chemotherapy group
those given pembrolizumab (2 mg/kg group: 11%; 10 mg/kg group: 14%). As
expected, the most common grade III or IV treatment-related AEs observed in
patients given chemotherapy were anemia, fatigue, neutropenia, and leukopenia, but
grade III or IV were extremely rare in the pembrolizumab group.

Pembrolizumab has shown improved objective results compared to ipilimumab.
In KEYNOTE-006, a phase III study, 834 metastatic melanoma patients were ran-
domized (1:1:1 ratio) to treatment with either pembrolizumab (10 mg/kg every
2 weeks or every 3 weeks) or four doses of ipilimumab (3 mg/kg every 3 weeks)
[40]. The majority of the patients was treatment naive. Both pembrolizumab arms
yielded higher response rate (33.7% for every 2 weeks, 32.9% for every 3 weeks)
compared to ipilimumab (11.9%). 6-month PFS was nearly 47% for pembrolizumab
versus 26.5% for ipilimumab. In addition to improving overall survival, 12-month
OS was 74.1% for pembrolizumab as compared to 58.2% for ipilimumab. No unex-
pected toxicities were reported, and commonly observed adverse events include
fatigue, diarrhea, rash, pruritus, and immune-related endocrine disorders. Endocrine
events related to thyroid were more frequent in the pembrolizumab groups, whereas
colitis and hypophysitis were more frequent in the ipilimumab group. Grade 3-5
adverse events occurred in 13.3%, 10.1%, and 19.9% of patients treated with pem-
brolizumab every 2 weeks, every 3 weeks, and ipilimumab, respectively. In general,
pembrolizumab has a favorable toxicity profile with fewer high-grade AEs than
ipilimumab.

KEYNOTE-029, phase 1b trial, reported the outcomes of 153 melanoma patients
who had not received previous CPI therapy [41]. Prior lines of therapy with either
targeted therapy or chemotherapy were allowed, but 87% of patients were treatment
naive. Patients were treated with the combination of IV regular dose pembrolizumab
(2 mg/kg), but with dose reduced ipilimumab (1 mg/kg) followed by pembroli-
zumab (2 mg/kg) maintenance therapy. Objective response reached 61% (95% CI
53-69), with 15% complete responses, and estimated 1-year PFS was 69% (95% CI
60-75), and estimated 1-year overall survival was 89% (95% CI 83-93). Grade 3
and 4 toxicities occurred in 45% of patients, with the most common being skin reac-
tions (8%), colitis (7%), and hepatitis (6%). However, while significantly, the fre-
quency of grade 3 and 4 toxicity for the low dose ipilimumab combination with
regular dose pembrolizumab was favorable when comparing the toxicity data from
low dose nivolumab with regular dose ipilimumab (Checkmate 069).

PD-L1

Antibodies directed at PD-L1 and therefore blocking PD-L1 from binding its recep-
tors PD-1 and B7.1 have also been tested in metastatic melanoma patients.
Atezolizumab (or MPDL3280A) is human IgG1 monoclonal antibody and was



52 I. C. Glitza Oliva and R. Alqusairi

tested at various dose levels in a Phase I trial in 45 patients with metastatic mela-
noma. Nearly 2/3 of all patients had prior systemic therapy. (http://ascopubs.org/
doi/abs/10.1200/jc0.2013.31.15_suppl.9010). The results showed an overall
response rate of 26%, with a 24-week progression-free survival of 35%. Grade 3
and 4 toxicities were observed in 33% of patients, and included hyperglycemia
(7%), and elevated ALT/AST (7 and 4%). In addition, MPDL3280A has also been
tested in combination with targeted therapy (http://ascopubs.org/doi/abs/10.1200/
jc0.2013.31.15_suppl.9010). While none of the currently 3 approved PD-L1 agents
(atezolizumab, avelumab, and durvalumab) has been approved for the treatment of
metastatic melanoma to date, multiple combination trials with PD-L1 inhibitors are
ongoing (NCT02535078, NCT02639026, NCT03273153, NCT03178851).

Vaccination and Intratumoral Approaches

Multiple intratumoral and vaccine approaches have been tested in the treatment for
advanced melanoma. The vaccines aim to elicit immune response against antigens
expressed by melanoma tumor cells, such as tumor-associated antigens (TAAs) or
mutation-derived antigens (neoantigens). Various TAAs have been identified such
as melanoma antigen A1 (MAGE-A1), gp100, or melanoma antigen recognized by
T cells (MART-1/Melan-A) [42]. However, as single agents the results have not
been impressive, and combinatorial approaches might be more promising. For
example, gp100, a synthetic polypeptide found to carry immunogenic epitopes that
can be recognized by T cell lymphocytes to induce antitumor activity was tested in
combination with HD dose IL-2 [43]. In this phase III trial, a total of 185 metastatic
melanoma patients (prior chemotherapy, interferon and low dose IL-2 were allowed)
were randomized to receive either HD IL-2 alone or HD IL-2 with GP100. The
response rate was 10% among patients who received HD IL-2 alone and 20% among
patients receiving the combination (p = 0.05). The median overall survival was
11.1 months among patients receiving HD IL-2 alone and 17.8 months among
patients receiving combination therapy (p = 0.06). The toxicities were similar in
both treatment groups; however, more arrhythmias, lab test abnormalities, and more
neurologic events were reported among patients in the vaccine/HD IL-2 group than
among patients in HD IL-2 only group.

PV-10 (Rose Bengal)

Rose Bengal (RB) is a water-soluble injectable iodinated fluorescein derivative.
After intralesional injection, PV-10 accumulates in tumor lysosomes resulting in
rapid lysis of tumor cells, also, it is able to produce cytotoxic reactive oxygen spe-
cies when exposed to ionizing radiation. PV-10 may also stimulate an antitumor
immune response against distant lesions [44]. In a phase II study, 80 patients with
refractory stage III and IV melanoma were treated with intralesional PV-10, which
resulted in a best overall response rate of 51% (CR in 26%), and 8% of patients still
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had no evidence of recurrence after 52 weeks [45]. Importantly, noninjected lesions
also showed regression. Toxicity profile was favorable, with no treatment related
grade 4. The most recently published prospective phase II trial reported a ORR of
87% (42% CR) in the 45 treated patients [46]. Complete responses were associated
with having less than 15 metastases at time of PV-10 injection. PV-10 is currently
not FDA approved for the treatment of metastatic melanoma, and clinical trials are
also investigating its efficacy in combination with CPIs (NCT02557321).

T-VEC

Talimogene Laherparepvec (T-VEC), a genetically modified herpes simplex virus
(HSV) type 1, is currently the only intralesional oncolytic virotherapy with regula-
tory approval in melanoma. It exerts its effect on regional and systemic antitumor
immunity by selective intratumoral replication and expression of GM-CSF (granu-
locyte macrophage colony-stimulating factor) within the infected melanoma cells
[47]. The approval was based on a randomized phase III trial in 436 patients with
unresectable stage III or IV melanoma [48]. Patients were randomly assigned at a
two-to-one ratio to intralesional T-VEC (up to 4 ml total treatment volume per ses-
sion) or subcutaneous GM-CSF (125 mg/m? daily for 14 days in a 28 day cycle).
The overall response rates for T-VEC were higher (26.4%; 95% CI, 21.4-31.5% vs.
5.7%; 95% CI, 1.9-9.5%) and more durable response was observed with T-VEC
compared with GM-CSF (16.3% vs. 2.1%) (p < 0.001). Median OS was numeri-
cally longer with T-VEC than with GM-CSF (23.3 months vs. 18.9 months), but
failed to reach statistical significance (p = 0.051). T-VEC injections were well toler-
ated, but reported adverse events included fatigue, chills, pyrexia, nausea, flu-like
illness, reaction at injection-site, and vomiting. Incidence of grade 3 and 4 adverse
effects was considerably low with 11% (vs. 5% for GM-CSF).

T-VEC also has shown efficacy in combination with CPIs. In a phase Ib trial of
T-VEC in combination with ipilimumab in 19 previously untreated melanoma
patients (prior adjuvant therapy >6 months from last therapy was allowed) [49].
T-VEC was administered intratumorally (up to 4 mL total volume) in week 1 and 4
and then every 2 weeks. Beginning in week 6 ipilimumab (3 mg/kg) was adminis-
tered every 3 weeks for up to four doses. The objective response rate was 50%;
durable responses were seen in 44% of patients lasting >6 months. With a median
follow-up time of 20 months (1.0-25.4 months), progression-free survival was 50%
and overall survival 67% at 18 months. No unexpected toxicities were observed.

T-VEC was also evaluated in combination with pembrolizumab with proven
clinical benefit. In MASTERKEY-265, a phase Ib study, 21 advanced melanoma
patients with no prior systemic treatment were received T-VEC (up to 4 mL total
volume) intralesionally (cutaneous/subcutaneous/nodal) in day 1, day 22 then every
2 weeks, and pembrolizumab (200 mg) on day 36 and then every 2 weeks [50].
Confirmed RR was 62% with a CR rate of 33%, and responses were seen in 43% of
noninjected nonvisceral and 33% of noninjected lesions. At time of the report,
median PFS and OS had not been reached. No unexpected adverse events were
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noted, but the authors described the occurrence of some overlapping pembrolizumab-
related toxicities. Grade 3 and 4 toxicities occurred in 36% of patients and included
rash (n = 2), elevation in liver enzymes (n = 2), hyperglycemia (n = 2), and squa-
mous cell carcinoma (n = 2).

Multiple clinical trials are currently ongoing and investigating the efficacy of
T-VEC in combination with CPI, targeted therapy as well as radiation
(NCT02263508, NCT03088176, NCT02819843, NCT02965716).

T-VEC is contraindicated in pregnant women and severely immunocompromised
patients, as it is consisted of live virus and may cause disseminated herpetic
infection (https://www.fda.gov/downloads/BiologicsBlood Vaccines/CellularGene
TherapyProducts/ApprovedProducts/UCM469575.pdf). Patients treated with
T-VEC have been found to shed live virus; hence, strict precautionary guidelines
have been established, particularly with infants, pregnant women, and immunocom-
promised patients.

Melanoma Brain Metastases and Immunotherapy

Despite the advances with immunotherapy and targeted therapy, a significant number
of patients will develop brain metastasis (MBM) during their course of treatment [51].

However, a recent phase II study in patients with melanoma (n = 18) or non-
small cell lung cancer (n = 34) has reported a response rate of 22% for single agent
pembrolizumab in MBM, with responses being durable [52]. No unexpected extra-
cranial toxicities were reported, but three patients in the melanoma cohort experi-
enced transient neurological adverse events.

Importantly, two recent studies have shown that in patients with untreated MBM,
the combination of ipilimumab and nivolumab can yield intracranial response rates
similar to extracranial response rates as observed in Checkmate-067. In
Checkmate-204, 75 MBM patients were treated with the ipilimumab (3 mg/kg) in
combination with nivolumab (1 mg/kg combination with ipilimumab), followed by
nivolumab (3 mg/kg). At over 9 months of follow-up, 21% of patients had reached
a CR in the brain, and the median PFS was not reached. In addition to 33% that had
a PR, 5% of patients benefited by having SD. Importantly, the median time to
response was only 2.8 months (range 1-11 months), and duration of response had
not been reached at time of report. Similarly to Checkmate-067, 52% of patients
experienced grade 3 or 4 toxicities, and 25% had to discontinue study drug.
Importantly, treatment-related nervous system adverse events were rare, and grade
3 and 4 toxicities only occurred in 8% [53].

The second phase III trial led by the Australian group (ABC trial) randomized
patients with MBM to receive either combination therapy with ipilimumab and
nivolumab (same dosing regimen as Checkmate-204) or to receive single agent
nivolumab. Compared to Checkmate-204, patients had a higher number of brain
metastases, but in treatment naive patients the observed RR for patients receiving
the combination was similar with 50% (15% CR, 35% PR), and SD was noted in
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10%. Of the 26 patients treated in this cohort, 46% experienced grade 3 and 4 toxici-
ties, leading to 27% discontinuation rate.

As these results are very promising, multiple clinical trials are currently ongoing,
with a specific focus of the efficacy of immunotherapy or combined therapy approaches
for MBM patients, and in patients who require corticosteroids for their MBM
(NCTO03175432, NCT02460068, NCT02621515, NCT02681549, NCT02716948).

Adjuvant Therapies

The goal of systemic adjuvant therapy is to decrease the risk for high-risk melano-
mas to recur after surgery. Traditionally, this approach has focused mainly on
patients with stage III disease, which is defined as the presence of lymph node and/
or in-transit metastasis. An increasing number of involved lymph nodes, but also an
increase in primary tumor depth, mitotic rate as well as the presence of ulceration in
the primary tumor are all associated with worse outcomes [54].

Adjuvant Therapy with Interferon

Interferon alpha-2 (INF)-a has been studied in patients with stage II or III melanoma
in different dose levels, and multiple review articles summarize these results [55].

The ECOG E1684 trial which enrolled 287 patients with stage II/IIl melanoma has
the longest follow-up, and patients were either treated with high-dose interferon (HD
INF), or observed [56]. Median RFS of 1.72 (HD INF) versus 0.98 years (observation,
p =0.0023), and median OS of 3.82 versus 2.78 years (observation, p = 0.0237) were
significantly improved for the HD INF arm. The 5-year survival rate was also higher
in the HD INF arm (46% versus 37% with observation). However, at a median follow-
up of 12.1 years, the OS benefit was no longer observed, and the authors proposed
competing causes of death in an elderly cohort impacting the OS analysis.

The ECOG E1690 trial tested two different dose levels of INF and did not show
an improvement of OS with either regimen versus observation, but patient crossover
analysis might have altered survival analysis [57].However, 5-year RES rates for
HD INF were 44%, 40% for low dose IFN, and 35% for observation (p = 0.3).
Pooled analysis of both E1684 and E1690 showed indeed a RFS, but no OS survival
benefit from HD INF. Other pooled analysis showed that increased benefit was
observed in patients with ulcerated primary melanomas [58].

Pegylated interferon has slightly more favorable side effect profile compared to
HD INF, and has the advantage of longer half-life, with less injections per week.
However, while showing improvement in RFS similar to HD INF, there was no
improvement in OS. Furthermore, the positive impact on RFS appeared to decrease
over time [59]. Patients with ulcerated primary and micro-metastatic nodal disease
derived the biggest clinical benefit.
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Adjuvant Biochemotherapy

In an effort to increase the efficacy of adjuvant therapy, a shorter course of bioche-
motherapy (up to three cycles) was compared to standard HD INF monotherapy. In
this SWOG S0008 phase III study, 402 patients who had undergone completion
lymph node resection for stage III melanoma were randomly assigned to either
biochemotherapy (CVD as previously described, IL-2 at 9 MU/m? administered as
a96-h continuous I'V infusion on days 1 through 4, and IFN at 5 MU/m? administered
on days 1 through 5; treatment was repeated every 21 days for a total of three
cycles), or to HD INF (20 MU/m? IV per day for 5 days for 4 weeks, followed by
10 MU/m? subcutaneously three times per week for 48 weeks) monotherapy [60].
In the HD-Interferon group, 43% of patients were able to complete therapy, where
in the biochemotherapy group 80% of patients were able to receive all three planned
treatment cycles (p < 0.001). With a median follow-up of 7.2 years, the median PFS
was 4.0 years versus 1.9 years for biochemotherapy and HD INF, respectively
(p = 0.029). The 5-year RFS was 48% versus 39%, respectively; however, despite
numerical longer OS in the biochemotherapy group (9.9 years) versus the HD INF
group (6.7 years) this was not statistically significant (HR, 0.98; 95% CI, 0.74-1.31;
two-sided p = 0.55). As expected, both treatment groups experienced different
toxicities, patients treated with INF have higher rates of LFTs abnormalities, and
patients in biochemotherapy group experienced hypotension, hematologic, metabolic,
and gastrointestinal toxicities more frequently. No unexpected new toxicities for
either treatment arm was reported.

Checkpoint Inhibitors in the Adjuvant Setting

The improvement of overall survival and durable responses that were observed with
ipilimumab in unresectable advanced melanoma patients led to study its efficacy in
the adjuvant therapy. EORTC 18071 was a phase III double-blind randomized study
comparing high-dose ipilimumab (10 mg/kg, every 3 weeks for four doses, then
every 3 months for up to 3 years) to placebo in patients with fully resected stage I11
melanoma who had not received any other prior systemic therapy. At a median fol-
low-up of 2.74 years (IQR 2.28-3.22), improvement of the median RFS was noted
in the ipilimumab group (26.1 months) versus the placebo group (17.1 months, p =
0.0013) [61]. An improvement of the RFS was also observed at 3 years for ipilim-
umab (46.5%; 95% CI 41.5-51.3) versus the placebo (34.8%; 95% CI 30.1-39.5) in
the placebo group. As expected, toxicities in the treatment group were much more
common and included hepatic and endocrine toxicities. It should be noted that
five (1%) participants developed significant drug-related adverse events in the
ipilimumab group and died.

In an update of this trial and with an overall median follow-up of 5.3 years, the
5 years was 65.4% (95% CI, 60.8—-69.6) in the ipilimumab group, as compared with
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54.4% (95% CI, 49.7-58.9) in the placebo group [62]. Overall survival was also
significantly improved for patients treated with ipilimumab compared to placebo
(HR for death from any cause, 0.72; 95.1% CI, 0.58-0.88; p = 0.001), and this
benefit was observed in all subgroups.

In a randomized double-blind phase 3 trial (Checkmate-238), 906 patients with
complete resection of stage IIIB, IIIC, or IV melanoma were randomized to either
ipilimumab (10 mg/kg) or nivolumab (3 mg/kg), with the primary end point of
recurrence-free survival (RFS) [63]. The 12-month RFS was remarkably higher in
nivolumab group (70.5%) versus (60.8%) in the ipilimumab group (P < 0.001).
Median RFS was not reached in either arm of the trial at time of analysis. Similar to
previous reports, nivolumab had a favorable toxicity profile, as only 14.4% of
patients experiencing grade 3 and 4 toxicities, compared to 45.9% patients in the
ipilimumab group. Based on Checkmate-238, nivolumab received regulatory
approval in December of 2017 as an adjuvant therapy treatment option for meta-
static melanoma patients.

The results of a recently presented phase III trial have shown that pembroli-
zumab might represent a promising choice in the adjuvant setting (Need reference
for SITC 2018, Eggermont). All of the 1019 patients were stage III post resection
and received treatment with pembrolizumab (200 mg Q3W) or placebo for up to 1
year (13 doses total) or until disease recurrence. At a median follow-up of 15 months,
a significant reduction in risk of death or relapse (43%, HR = 0.57, 95% CI: 0.43—
0.74; p less than 0.0001) was observed in the pembrolizumab group compared to
placebo. Adverse events were similar to nivolumab in the adjuvant setting. As the
first time ever in the adjuvant setting, this trial allows patients within the placebo
cohort to “cross-over” to receive pembrolizumab post-relapse, and will deepen our
understanding of efficacy in the post-relapse pembrolizumab efficacy.

The Future of Melanoma Treatment

As our understanding of the tumor microenvironment and T cell homeostasis
deepen, numerous new targets have been identified and being currently tested in
clinical trials. We will highlight some of these developments in the section below.

Indoleamine Dioxygenase Inhibitors

Indoleamine dioxygenase (IDO) inhibitors have recently emerged as new and excit-
ing class of anticancer drugs. IDO is one of the enzymes involved in the catalyzing
tryptophan into kynurenine and that regulates the first and rate limiting step. T cells
need tryptophan for function, and research has shown that tumors can increase IDO
levels, thereby suppressing the function of cytotoxic T cells, and activation of T
regulatory cells [64].
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Epacadostat is a selective inhibitor of the IDOI enzyme, and while it has not
shown great efficacy as single agent, it has been studied in combination with CPIs
[65]. It is interesting that epacadostat has essentially no independent antitumor
activity; however, it demonstrated great efficacy when added to other checkpoint
inhibitors such as anti-PD-1.

A phase I/II study (ECHO-202/KEYNOTE-037) recently reported the phase 1
and 2 efficacy and safety data for melanoma patients treated with epacadostat ((25,
50, 100, or 300 mg by mouth twice daily, PO BID) and pembrolizumab 2 mg/kg or
200 mg) combination during phase 1, with 100 mg BID epacadostat and 200 mg
pembrolizumab every 3 weeks selected for phase 2 (https://academic.oup.com/
annonc/article/28/suppl_5/mdx377.001/4109288). Prior CPI was not allowed. The
ORR was 56% (11% CR) among 54 efficacy-evaluable patients, and disease control
rate (CR + PR + SD) was 78%. Median PES was 12.4 months, and progression-free
survival rates were encouraging (6 months: 70%, 12 months: 54%, and 18 months:
50%). No significant added toxicities were noted, and grade 3 and 4 toxicities were
observed in 17.2% of patients. These results support the ongoing phase III trial of
epacadostat plus pembrolizumab in patients with advanced melanoma
(NCTO02752074). Furthermore, epacadostat is also being evaluated in combination
with nivolumab (NCT02327078).

BMS-986205 is another selective IDO1 inhibitor that is being evaluated in com-
bination with nivolumab and ipilimumab (NCT02658890).

Lymphocyte-Activation Gene 3 (LAG-3)

LAG-3 is an immune checkpoint receptor (CD223) found on the surface of acti-
vated CD4 and CD8 T cells, NK cells, B cells, and plasmacytoid dendritic cells
[66]. LAG-3’s main ligand is MHC class II, and it has various biologic effects on T
cell function, including the negative regulation of T cell proliferation, activation,
and homeostasis, and LAG-3 becomes upregulated during T cell exhaustion.
Recently, its role in the maturation and activation of dendritic cells has also been
described [67]. The development of LAG-3 blockade has now moved into clinical
testing. In a phase I/Ila clinical trial, 43 melanoma patients who progressed on prior
PD-1/PD-L1 exposure were treated with relatlimab (previously known as BMS-
986016) in combination with nivolumab (http://ascopubs.org/doi/abs/10.1200/
JCO.2017.35.15_suppl.9520). Disease control rate was 45%, and overall response
rate was 16% in the 31 efficacy-evaluable patients. Benefit was even observed in
patients refractory to prior PD-1. Importantly, relatlimab did not appear to add
toxicity, as grade 3 or 4 toxicities were only observed in 9% of the treated patients.
Multiple clinical trials are currently evaluating the efficacy of anti-LAG-3 in com-
bination with other immunotherapies and in other tumor types (NCT02676869,
NCT01968109, NCT03250832, NCT03219268).
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T Cell Immunoglobulin-3 (Tim-3)

TIM-3 is a co-inhibitory receptor which is expressed on specific subtypes of IFN-y-
producing CD4+ and CD8+ as well as dendritic cells, NK, and monocytes [68].
It was shown that a subset of T cells in patients with advanced melanoma upregulates
Tim-3 expression, and that cells positive for this marker appear to be dysfunctional
[69]. It was also shown that concurrent blockade with anti-PD-1 acted synergistic in
reversing tumor-induced T cell exhaustion and dysfunction.

Currently, a few Tim-3 antagonists are in early-phase clinical development,
either as single agent or in combination with anti-PD-1 or PD-L1 (NCT03099109,
NCT03489343, NCT02817633, NCT02608268). While most of these trials focus
on safety, the results are eagerly awaited.

0X40

0X40 (or CD134) is a member of tumor necrosis factor (TNF) receptor superfamily
(TNFRSF), and in vitro studies have shown that stimulation of its ligand can lead to
proliferation, improved effector function, and prolonged survival of T cells, and
treatment with OX40 agonists can increase antitumor immunity [70].

In an initial phase one trial using an OX40 agonistic murine monoclonal anti-
body, regression of metastatic lesions was noted in 12 out of 30 patients, with 7
patients with metastatic melanoma. Grade 3 and 4 lymphopenia was noted in 7
patients, and other grade 1 and 2 toxicities included fatigue, nausea, vomiting, rash,
and flu-like symptoms. Multiple clinical trials are currently ongoing, including in
combination with atezolizumab (NCT02410512), durvalumab (NCT02705482), or
tremelimumab (anti-CTLA-4; NCT02705482). In preclinical models, MEDI6383, a
human OX40 ligand fusion protein, can initiate an intracellular signaling path-
way to enhance T cell survival and activity, and proliferation, and is being evalu-
ated in combination with durvalumab (NCT02221960) [71].

4-1BB

4-1BB (CD137) is another member of TNFRSF, is an inducible costimulatory
receptor expressed on T cells and other immune cells, and can restore effector func-
tion [72]. 4-1BB and 4-1BBL interaction results in cytokine secretion and increased
survival of CD8+ T cells. Urelumab (BMS-663513) is a fully humanized 4-1BB
agonist mAD that has been tested in a phase I dose-escalation study. Only 3 out of
54 melanoma patients had a response to the monotherapy (http://ascopubs.org/doi/
abs/10.1200/jc0.2008.26.15_suppl.3007). However, because of the synergistic
activity of urelumab with nivolumab in preclinical data, this combination is cur-
rently being evaluated in a phase I dose-escalation clinical trials. In addition,
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PF-05082566, another 4-1BB agonist mAb, has also been evaluated in combination
of pembrolizumab in patients with solid tumors (NCT02253992, NCT02179918).
Another interesting combination is being studied, PF-04518600 (OX40 agonist)
and PF-05082566 (4-1BB agonist), in select advanced or metastatic carcinomas
(NCT02315066).

PF-05082566 (4-1BB agonist) is also being studied in combination with ave-
lumab in advanced melanoma patients (NCT02554812).

Toll-Like Receptors (TLRs)

Toll-like receptors are members of immune recognition receptor family and were
initially discovered through their role within the innate as well as adaptive immune
response [73]. Furthermore, it was discovered that many tumor types express func-
tional TLRs, leading to tumor proliferation, formation of metastases, and resistance
to apoptosis. Numerous studies are now underway to see if a TLR-based therapeutic
approach can increase the efficacy of anticancer immunotherapies (NCT02644967,
NCT03052205, NCT00960752, NCT03445533).

Conclusion

The numerous breakthrough discoveries that have been in the treatment for mela-
noma over last decade have translated into successful therapeutic approaches for
other tumor types. While there is reason for optimism, much still remains unknown,
and the results of ongoing trials are eagerly awaited and hopefully will guide the
treating physician to be able to choose the most optimal therapy for each individual
patient.
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Abstract The management of Non-Small Cell Lung Cancer (NSCLC) has changed
dramatically in the last 10 years with an increase in the understanding of the biology and
with the development of new and multiple treatments. Chemotherapy being the first
systemic treatment used in the setting of advanced disease, proving benefit for patients
over palliative care. With the identification of oncogenic drivers, innovative targeted
therapies were developed and tested, leading to important changes in the management
of certain patients and giving to some of them the possibility to be treated in first line
with oral inhibitors. Inmunotherapy was then explored as a potential option, with prom-
ising results, and data of impact in important endpoints in lung cancer treatments. This
chapter explores the different CTLA-4 inhibitors that have been investigated in NSCLC:
ipilimumab and tremelimumab, as well as the different immune checkpoint inhibitors:
anti PD-1 (nivolumab and pembrolizumab) and PD-L1 (atezolizumab, durvalumab,
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avelumab, BMS-936559) medications. It also analyzes the different studies that have
been developed for NSCLC with these medications, the evidence obtained, and the pos-
sible role in the management of patients. Immunotherapy has definitely changed the
paradigm on NSCLC treatment, and the future is promising for the benefit of patients.

Keywords NSCLC - Immunotherapy - PD-L1 and PD1 - Precision oncology -
Pembrolizumab - Nivolumab - Atezolizumab - Immunotoxicity

Introduction

Non-small cell lung cancer (NSCLC) represents approximately 85% of all lung cancer
cases. Most NSCLC patients are diagnosed with advanced stage disease and lung
cancer is the leading cause of cancer-related death worldwide. Tobacco consumption is
the most important risk factor associated with this disease and can account for regional
differences in its epidemiology [1]. Environmental pollution and some mineral
exposures are also associated with NSCLC; for example, some northern cities in Chile
have a very high incidence of lung cancer and mortality due to lung cancer, which is
thought to be related to arsenic concentrations in drinking water [2].

Until some years ago, metastatic NSCLC has been an incurable malignancy and
only palliative treatments have been offered to patients with the purpose of improving
quality of life and prolonging survival. In the late 1980s, a Canadian prospective
randomized trial demonstrated that cisplatin-based chemotherapy combinations had
a modest benefit in overall survival when compared with best supportive care in
metastatic NSCLC patients; however, these treatments were associated with high
toxicity [3]. Twenty years later, a meta-analysis showed a 9% benefit in 1-year over-
all survival in advanced NSCLC patients that received chemotherapy plus best sup-
portive care compared with best supportive care alone [4]. The importance of
histology in the treatment of advanced NSCLC patients has been highlighted by a
randomized trial in which differences in overall survival were noted depending on the
histologic subtype and type of cisplatin-based chemotherapy combination used [5].

After failure of first line of cytotoxic chemotherapy for metastatic NSCLC, docetaxel
may be used as second-line treatment for patients with good performance status, with
an overall survival benefit of 3 months when compared with best supportive care [6]. In
patients with adenocarcinoma histology who were not treated with pemetrexed in the
first-line setting, pemetrexed can be used as second-line therapy with similar overall
survival outcomes when compared with docetaxel but with a significantly lower toxic-
ity profile [7]. Patients whose disease progressed through second-line chemotherapy
without significant worsening of their performance status can be considered for subse-
quent lines of treatment, but with unclear results and less literature to support it [8].

Adding an antiangiogenic drug to cytotoxic chemotherapy has become a strategy to
improve survival in metastatic non-squamous NSCLC. Bevacizumab received approval
by the FDA for this subset of patients based on the results of several clinical trials [9].
Nintedanib, an oral antiangiogenic drug that simultaneously inhibits VEGFR, FGFR,
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PDGFR, and also RET [10], has received approval in Europe in combination with
docetaxel for second-line metastatic non-squamous NSCLC patients. Among advanced
lung adenocarcinoma patients, treatment with the combination of docetaxel plus
nintedanib led to significantly improved median overall survival of 12.6 months,
compared to 10.3 months with docetaxel plus placebo [1, 11].

Until the early 2000s, pathologic differentiation between NSCLC and small cell
lung cancer was the main determining factor to guide oncologic treatment decisions.
Among patients with NSCLC, it later became important to also distinguish between
squamous and non-squamous histologies, with non-squamous comprised primarily
of adenocarcinoma and large cell carcinoma subtypes. This classification allowed
for appropriate chemotherapy regimens to be recommended for metastatic NSCLC
patients based on histologic subtype. The subsequent discovery of new specific
genetic and molecular alterations with potential targeted therapies found mainly in
the non-squamous population led to further changes in treatment algorithms for
advanced NSCLC. Mutations of the epidermal growth factor receptor (EGFR) and
the echinoderm microtubule-associated protein-like 4-anaplastic lymphoma kinase
(EMLA4-ALK) fusion gene [12] are the most clinically relevant given their epide-
miologic frequency and the availability of targeted therapies. Other less frequent
mutations in NSCLC include ROS-1, BRAF, HER2, MEK, MET, and RET.

Cancers are characterized by different genetic and epigenetic alterations. High
rates of somatic mutations in lung cancer generate a variety of tumor-specific anti-
gens and may contribute to increased immunogenicity [13]. Unfortunately, often
oncogenic processes are studied independently of the antitumoral immune response
(IR), which is a paradox, since one of the fundamental roles of the immune system
(IS) is to distinguish self from foreign elements. Specifically, one factor which con-
tributes to cancer development is the failure of various immunological mechanisms
intended to eliminate altered antigens [14, 15]. With the aim of preventing the
development of neoplasia, the immune system has different ways of recognizing
cells that have escaped from the intrinsic suppressor mechanisms, identifying and
destroying clones of transformed cells before they grow and form tumors, as well as
recognizing and eliminating tumors already formed [16].

It is important to remember that the innate immune system is composed of den-
dritic cells, macrophages, natural killer (NK) cells, granulocytes (basophils, eosino-
phils, and neutrophils), complement proteins, chemokines and cytokines, among
others. The innate immune system produces a rapid, nonspecific response to an
antigen. In contrast, the adaptive IR, constituted by B lymphocytes, CD4 and CDS§
T lymphocytes and antibodies, is a specific response toward a particular antigen
which occurs more slowly, with the ability to leave immunological memory. The
antitumor IR has been divided into seven stages [14—17], which make up the cancer-
immunity cycle: (a) Release of cancer cells antigens (tumor cell death); (b) Cancer
antigens presentation (fundamental role of dendritic antigen-presenting cells and
professionals—APC); (c) APC and T cells priming and activation; (d) Trafficking of
cytotoxic T cells to tumor; (e) T lymphocyte infiltration into the tumor (cytotoxic T
lymphocytes, endothelial cells); (f) Recognition of tumor cells by T lymphocytes;
and finally (g) Death of the tumor cells.
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During the presentation phase, the APC presents the antigen to either T or B cells,
which have a specific recognition receptor within their membrane (T cell receptor
(TCR) or B cell receptor (BCR), respectively). However, this single signal is not suf-
ficient to achieve lymphocyte activation and simultaneous presence of costimulatory
molecules is required (interaction between CD80/CD28, CD40/CD40-ligand, CD86/
CTLA-4, ICOS/ICOS ligand, among others). In addition, we must consider that every
normal IR has mechanisms intended to prevent its perpetuation and the consequent
damage associated with an exaggerated response. In this process, certain mechanisms
are important: the participation of regulatory T cells (Tregs), the expression of inhibi-
tory receptors (called checkpoints), the activation of apoptosis, and cell depletion [18].

Parallel to these events, tumors develop mechanisms to evade or to inhibit the IR,
which include downregulation of antigen presentation (downregulation of the major
histocompatibility complex—MHC), upregulation of inhibitors of apoptosis (Bcl-XL,
FLIP), and expression of inhibitory cell surface molecules (programmed cell death
ligand 1—PD-L1, FasL). In addition, tumor cells secrete factors that inhibit effector
immune cell functions (TGF-p, IL-10, VEGF, LXR-L, IDO, gangliosides, or soluble
MICA) or recruit regulatory cells to generate an immunosuppressive microenviron-
ment (IL-4, IL-13, GM-CSF, IL-1, VEGF, or PGE2). Once recruited, regulatory cells
attenuate antitumor immunity through the liberation of immunosuppressive cytokines
and by altering the nutrient content of the microenvironment. Specifically, secretion of
IL-4 and IL-13 leads to recruitment and polarization of M2 macrophages, which
express TGF-, IL-10, and PDGF that inhibit T cells. The release of colony-stimulat-
ing factors IL-1B, VEGF, or PGE2 by tumor cells results in the accumulation of
myeloid-derived suppressor cells (MDSCs) that can block T cell function by express-
ing TGF-B, ARG1, and iNOS. Tregs can also inhibit effector T cells through multiple
mechanisms, including expression of CTLA-4 [16].

Based on these principles, immunotherapy was explored as a potential treatment
option for malignancy. In NSCLC, initial vaccine trials failed to demonstrate benefit
[2]. More recently, several immunotherapy agents have been developed which have
proven beneficial in patients with NSCLC. These medications now have an estab-
lished role in the management of NSCLC. Initial immunotherapy studies which
evaluated agents that block the CTLA-4 pathway failed to show benefit in overall
survival in NSCLC patients. However, anti-PD-1 and anti-PD-L1 treatment have
shown impressive positive results for NSCLC patients when used as monotherapy,
or in combination with other immunotherapy drugs or chemotherapy.

Pathways and Immunotherapy Drugs in NSCLC Treatment

CTLA-4 Pathway

The IS has counterregulatory mechanisms that limit potentially harmful amplifica-
tion of the IR. Specifically, following antigen exposure, there is an upregulation of
different molecules on the surface of the T cells, aimed at ending the IR. These
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molecules are known as checkpoints, i.e., CTLA-4, LAG-3, PD-1/2, TIM-3. In some
tumors, including lung cancer, the expression of these molecules is altered [19, 20].
CTLA-4 is constitutively expressed in Tregs, but only upregulated in conventional
T cells after activation. It functions to inhibit the activation of these cells.

Once T cells are activated by the interaction between the MHC of the APC and
the TCR, associated with costimulatory molecules (for example, CD28 binding to
CD80/86), the CTLA-4 expression occurs at the level of the cell membrane. CD28
and CTLA-4 share identical ligands, CD80 and CD86. However, CTLA-4 has a
higher overall affinity for both ligands. This interaction ends the IR. The critical role
of CTLA-4 in maintaining self-tolerance is demonstrated by a rapidly lethal sys-
temic immune-hyperactivation phenotype in knockout mice [21].

CTLA-4 was the first immune checkpoint targeted for cancer therapy in clinical
practice. The anti-CTLA-4 antibodies interpose and prevent the interaction between
CTLA-4 and its receptor, thereby inhibiting the completion of the IR and allowing
the maintenance of the antitumoral IR. This is associated with the increase of the
effector T cells and a dramatic reduction of the intratumoral Tregs [22, 23].

CTLA-4 Inhibitors
Ipilimumab

Currently, the most established CTLA-4 inhibitor is ipilimumab. This drug is a fully
humanized IgG1 anti-cytotoxic T-lymphocyte antigen CTLA-4 monoclonal antibody
that has the potential to block the binding of CTLA-4 to its ligand. By blocking the
regulatory mechanisms of the T cell regulator CTLA-4, ipilimumab allows the
immune system to attack the tumor cells [24].

First developed at the University of California, ipilimumab currently is under
license of Bristol-Myers Squibb [25]. Ipilimumab was the first checkpoint inhibitor
ever approved for cancer treatment. Hodi et al. published positive overall survival
results in unresectable and metastatic melanoma patients when comparing ipilim-
umab with or without the combination of glycoprotein 100 peptide vaccine (gp100)
against gp100 alone [26]. Despite the great favorable outcomes in unresectable or
metastatic melanoma, NSCLC patients that have undergone treatment with ipilim-
umab monotherapy have not achieved the same positive results.

The assumption that tumor necrosis due to cytotoxic chemotherapy releases tumor
antigens and may enhance the response to immunotherapy has been the basis of the
rationale to combine carboplatin plus paclitaxel doublet chemotherapy with ipilimumab
[27]. The interactions between ipilimumab and cytotoxic chemotherapy were tested by
Weber in treatment-naive melanoma patients in a phase I trial. Ipilimumab was given at
adose of 10 mg/kg intravenous every 3 weeks for a maximum of four doses; carboplatin
was given at AUC of 6 and paclitaxel at 175 mg/m? every 3 weeks. Patients without
limiting toxicity were allowed to receive maintenance ipilimumab starting at week 24
every 12 weeks until limiting toxicity or disease progression. No relevant pharmacody-
namics or pharmacokinetics findings were found between both arms [28].
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A phase 2 clinical trial that combined ipilimumab plus carboplatin/paclitaxel
doublet chemotherapy was developed for chemotherapy-naive stage IIIB/IV
NSCLC patients whose disease was not amenable for curative treatment. The trial
was a three-arm study (1:1:1) including 204 patients. The control arm was the dou-
blet of carboplatin and paclitaxel for up to six cycles. Experimental arms included
ipilimumab at a dose of 10 mg/kg given concurrently with the carboplatin/paclitaxel
for four cycles followed by two doses of placebo; or two doses of placebo plus car-
boplatin/paclitaxel followed by ipilimumab plus the combination of carboplatin/
paclitaxel for four cycles. Patients without limiting toxicity and/or without disease
progression were allowed to receive ipilimumab/placebo treatment beyond the reg-
ular end of the treatment every 12 weeks as a maintenance therapy. Immune-related
response criteria and modified WHO criteria were used to assess response. Immune-
related progression-free survival (irPFS) was the primary endpoint of this trial; sec-
ondary endpoints were progression-free survival, overall survival, best overall
response rate, immune-related best overall response rate and safety.

The primary endpoint, irPFS using immune-related RECIST criteria was met for
the phased ipilimumab plus chemotherapy doublet (HR 0.72, p = 0.05) but not for the
concurrent ipilimumab plus chemotherapy combination (HR 0.83, p = 0.13). Median
irPFS was 4.6 months for the carboplatin plus paclitaxel combination, 5.5 months
when adding concurrent ipilimumab, and up to 5.7 months when adding phased ipili-
mumab regimen. PES using modified WHO criteria was also statistically significant
in favor of the phased ipilimumab arm when compared with the control arm but not
for the concurrent ipilimumab arm. Median overall survival was 8.3 months for the
control arm and 12.2 months for the phased group (HR 0.87, p = 0.23); no overall
survival advantage was reached in the concurrent ipilimumab group (9.7 months; HR
0.99, p = 0.48). The subgroup analysis showed a trend of benefit in irPFS and in
overall survival in patients treated in the phased arm that had squamous histology
when compared with non-squamous histology. Regarding toxicity, grade 3 and grade
4 adverse events were similar in the three arms: 37% in the control arm, 41% in the
concurrent arm, and 39% in the phased arm. Hematological adverse events were
similar in the ipilimumab-containing groups when compared with the carboplatin/
paclitaxel group. Non-hematological, any grade (>15%) adverse events were most
frequent in the control arm and included fatigue, alopecia, peripheral sensory neu-
ropathy, nausea, and vomiting. Rash, diarrhea, and pruritus were higher in the ipili-
mumab groups than in the control arm. Immune-related grade 3—4 toxicities such as
colitis, elevated transaminases and hypophysitis were higher in the ipilimumab-con-
taining arms (20% for concurrent and 15% for phased ipilimumab groups) when
compared with the control arm (6%). Two deaths related to treatment were reported,
one of them was in the control group and the other in the concurrent group [29].

A phase III study was recently published evaluating the efficacy and safety of
first-line ipilimumab or placebo plus paclitaxel and carboplatin in advanced squa-
mous NSCLC. Patients with stage IV or recurrent chemotherapy-naive squamous
NSCLC were assigned (1:1) to receive paclitaxel and carboplatin plus ipilimumab
10 mg/kg or placebo every 3 weeks on an induction schedule comprised of six
chemotherapy cycles, with ipilimumab or placebo from cycles 3 to 6 followed by
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ipilimumab or placebo maintenance every 12 weeks for patients with stable disease
or response. The primary endpoint was overall survival (OS). Nine hundred and
fifty-six patients were included, with 749 received at least one dose therapy
(chemotherapy plus ipilimumab, n = 388; chemotherapy plus placebo, n = 361).
Median OS was 13.4 months for chemotherapy plus ipilimumab and 12.4 months
for chemotherapy plus placebo (hazard ratio, 0.91; 95% CI, 0.77-1.07; p = 0.25) [3].
Another phase 1 clinical trial that combines either erlotinib or crizotinib, depending
if patients have EGFR or ALK mutated status, plus ipilimumab is also currently
ongoing (NCT01998126) [30]. Results from both trials will be very important to
confirm the potential benefit of combining ipilimumab with cytotoxic chemotherapy
in squamous NSCLC, or combining ipilimumab with target therapies in NSCLC
patients that have an EGFR common mutation or an ALK translocation.

Ipilimumab in combination with other immunotherapy drugs will be discussed
later in this chapter.

Tremelimumab

Tremelimumab is an anti-CTLA-4 IgG2 fully humanized monoclonal antibody
[31]. Despite the similar mechanism of action than ipilimumab, tremelimumab as
monotherapy has not shown benefit in NSCLC patients. In a phase 2 clinical trial for
locally advanced or metastatic NSCLC patients with good performance status that
had received four or more cycles of a platinum-based chemotherapy and had
responded were randomized to tremelimumab or to best supportive care. The
primary endpoint of the trial, progression-free survival, was not met, with an
objective response rate of only 4% in the treated group. Grade 3—4 adverse events
were reported in 20% of patients (including 9% of immune-related toxicities) versus
none in the best supportive care arm [32].

Currently, a phase 1 clinical trial that studies tremelimumab plus gefitinib com-
bination is ongoing for pretreated patients with stage IIIB and IV EGFR-mutated
NSCLC (NCT02040064) [33].

Tremelimumab in combination with other immunotherapy drugs will be dis-
cussed ahead in this chapter.

PD-1/PD-L1 Pathway

The PD-1 receptor (Programmed Cell Death-1) is expressed in T/B cells, NK, and
MDSCs after their activation. Its main function is to limit the activity of T cells in
peripheral tissues, where the effector phase takes place (in contrast to the anti-
CTLA-4 antibodies that fulfill their role in the initial activation of T cells). Excessive
induction of PD-1 in the setting of a chronic antigenic exposure can induce anergy
or exhaustion [19-35]. Inflammatory signals in tissues, mainly IFN-y, induce the
expression of two ligands of this molecule, PD-L1 and PD-L2 (Programmed Cell
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Death Ligand 1 and 2, respectively), which downregulates the activity of T cells,
limiting collateral tissue damage and maintaining the self-tolerance.

Numerous tumor types express high PD-L1 levels, including NSCLC, suggest-
ing that PD-1/PD-L1 pathway activation is a common mechanism used by tumors
to avoid immune surveillance and growth [36, 37].

Specifically, the effects of PD-1/PD-L1 interaction include inhibition of T cell
proliferation, survival and effector functions (cytokine release and cytotoxicity), and
promotion of differentiation of CD4+ T cells into Tregs. PD-1 is expressed on a
large proportion of tumor-infiltrating lymphocytes (TILs) which appear to be
“exhausted,” functionally inhibited, due to chronic antigen stimulation. This
exhausted state was partially reversible by PD-1 pathway blockade in murine models
of chronic viral infections [19].

Blockade of PD-1 signaling can restore CD8+ T cell functions and cytotoxic
capabilities from the exhausted phenotype and enhance antitumor immunity, as
demonstrated in preclinical studies [38, 39].

Anti-PD-1 Drugs
Nivolumab

Nivolumab (Opdivo®, Bristol Mayer Squibb) is a genetically engineered, fully human
immunoglobulin G4 (IgG4) monoclonal antibody specific for human PD-1 [40].

The IgG4 isotype was engineered to obviate antibody-dependent cellular cyto-
toxicity (ADCC). An intact ADCC has the potential to deplete activated T cells and
tumor-infiltrating lymphocytes and diminish activity as PD-1 is expressed on T
effector cells and other immune cells. Nivolumab binds PD-1 with high affinity and
blocks its interactions with both PD-L1 and PD-L2 [41].

In the CA 209-003 study, a phase 1 clinical trial that included patients with
NSCLC, melanoma, castration-resistant prostatic cancer, renal cancer, and colorec-
tal cancer, patients were enrolled to receive nivolumab at a dose of 0.1-10 mg/kg
every 2 weeks to a maximum of 12 doses or until a complete response was achieved,
limiting toxicity, progressive disease, or withdrawal of the consent for this trial. The
primary objectives were to evaluate safety and tolerability. The trial was designed as
a dose escalation and cohort expansion that included 122 NSCLC patients (47 squa-
mous, 73 non-squamous, 2 unknown) from a total of 296 patients that were enrolled
in the trial. Eighty-five percent of the NSCLC patients had received at least two
prior lines of treatment including a 34% of patients receiving a tyrosine kinase
inhibitor. The maximum tolerated dose for nivolumab was not reached. In the
NSCLC expansion cohort, regardless of the histologic subtype, patients were ran-
domized to nivolumab at doses of 1, 3, or 10 mg/kg. There were 11 deaths (4%)
related to serious adverse events, none of which were secondary to nivolumab
according to the investigators’ reports. Fourteen NSCLC patients that underwent
treatment had an objective response, 6% at dose of 1 mg/kg, 32% at dose of 3 mg/kg,
and 18% at dose of 10 mg/kg. The global response rate for squamous and non-
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squamous non-small cell lung cancer was 33% and 12%, respectively. Eight patients
that achieved an objective response had responses that lasted 24 or more weeks.
Seven percent of the patients that had stable disease as the best response had not
have disease progression for at least 24 weeks. When considering all the patients
that participate in the trial regardless of the primary tumor, 42 samples were ana-
lyzed for PD-L1 status; no objective responses were found in 17 patients with
PD-L1 negative tumors, while objective responses were seen in 36% of patients
with PD-L1 positive tumors [42].

A second publication of the same phase I trial focused only on the NSCLC cohort
with updated results in overall survival, durability of response, and long-term safety
published in 2015. The total number of NSCLC patients enrolled was 129. Patients
received one of the three doses described above every 2 weeks, in 8-week cycles, for
up to 96 weeks. The median of age was 65 years, 42% had a squamous and 57% had
a non-squamous histology, 98% had an ECOG performance status of 0—1, and 54%
of all the patients had received at least three lines of prior treatment before the first
dose of nivolumab. The median overall survival was 9.9 months and the
progression-free survival was 2.3 months for all the patients. For all patients included,
1-year survival was 42%, 2-year survival 24%, and 3-year survival 18%, respectively.
The chosen doses for further development was nivolumab 3 mg/kg every 2 weeks and
the 1-, 2-, and 3-year survival reported for this dose was 56%, 42%, and 27%, respec-
tively with a median overall survival of 14.9 months. The overall response rate was
17% with no statistical difference between histologic subtypes, with a median dura-
tion of response of 17 months and a median progression-free survival of 20.6 months.
Among all patients, 71% presented an adverse event of any grade (most frequent:
fatigue 24%, decreased appetite 12%, and diarrhea 10%) but only 14% had a grade 3
or 4 toxicity (most frequent: fatigue 3%). Defined as adverse event that needed a
more frequent monitoring or use of immune suppression treatment or hormonal
replace treatment due nivolumab toxicity, 41% of patients presented a “select adverse
event” but only 4.7% were grade 3 or 4. Two grade 3—4 and one grade 5 pneumonitis
were reported as related with nivolumab. There were three deaths (2%) related with
treatment, all of them were associated with pneumonitis [43].

A phase 2 trial, CheckMate 063, was a single arm trial of nivolumab at 3 mg/kg
dose given every 2 weeks in squamous NSCLC patients that had received at least
two previous lines of treatment for metastatic or unresectable disease. A total of 117
patients participated in this study. The primary endpoint of this study was to evaluate
the objective response rate assessed by an independent radiologic review committee.
The objective response rate was 14.5% including one patient that achieved a
complete response. The reported median time to response was 3.3 months. Median
duration of response was not reached. Twenty-six percent of the patients achieved a
stable disease as the best radiological response with a median duration of 6 months.
The median PFS was 1.9 months, 6-month PFS was 25.9%, and 1-year PFS was
20%. The median OS was 8.2 months with 1-year OS of 40.8%. From patients that
provided tumor samples to evaluate PD-1 expression, cutoff points of less or higher
than 5%, patients with a higher expression achieved 24% of partial response, 24%
of stable disease, and 44% of progressive disease as best response; patients with a
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lower PD-1 expression had a 14% of partial response, 20% of stable disease, and
49% of progressive disease as best response to nivolumab treatment. Grade 3—4
adverse events were reported in 17% of patients, the most common were fatigue
(4%, diarrhea (3%), pneumonitis (3%), and rash, pruritus, myalgia and anemia (1%
each). Twelve percent of treatment-related adverse events led to discontinuation.
Two deaths were attributed to nivolumab by investigators, one due to pneumonia
and the other to an ischemic stroke; however, both patients had multiple comorbidities
and progression of their disease [44]. In a longer follow-up of at least 11 months,
median duration of response was still not reached, and no new deaths due to
nivolumab were reported [45].

The phase 3 clinical trial CheckMate 017 was a study evaluating stage IIIB or IV
squamous NSCLC patients whose disease had progressed through first-line
platinum-based doublet chemotherapy. This trial compared nivolumab 3 mg/kg IV
every 2 weeks with docetaxel 75 mg/m? IV every 3 weeks, with both treatments
given until disease progression or unacceptable toxicity. The primary endpoint was
OS. Two hundred and sixty patients with an ECOG performance status of 0—1 were
randomized. Median age was 62 years in the nivolumab arm and 64 years in the
docetaxel arm, and most of the patients included in the study were male. The median
overall survival was 9.2 months for nivolumab and 6 months for docetaxel group;
1-year survival for nivolumab and docetaxel were 42% and 24%, respectively. The
PFS was 2.8 months for docetaxel and 3.5 months for nivolumab. The objective
response rate was 20% for nivolumab and 9% for docetaxel. The median duration of
response was 8.4 months for docetaxel and not reached for nivolumab. PD-L1
expression was evaluated using an immunohistochemical assay, Dako North
America, from rabbit monoclonal antihuman (Clone 28-8, Epitomics). Any staining
at any level was considered as positive. Three levels of positivity for PD-L1 expres-
sion were prespecified: 1, 5, and 10%. The authors concluded that PD-L1 expres-
sion was neither prognostic nor predictive of benefit for nivolumab. Despite that
conclusion, when analyzing the graphics of the original publication it seems to be a
trend to benefit in patients treated with nivolumab that had PD-L1 expression greater
of 10% when compared with patients with lower levels; the same analysis may be
done for patients with PD-L1 expression greater than 5% when compared with
patients with lower expression of PD-L1. All grades and grade 3—4 toxicities were
much higher for docetaxel arm when compared with nivolumab: 87% versus 59%
for all grades, and 56% versus 8% for grade 3—4 adverse events, respectively.
Fatigue, decreased appetite and diarrhea were the most common grade 3—4 adverse
event reported for nivolumab. Immune-mediated adverse events by organ category
were presented in gastrointestinal, pulmonary, and renal in one case each [46].

Due to the benefit in overall survival, the Independent Data Monitoring
Committee recommended to stop the trial in January 2015. In March 2015, the FDA
approved nivolumab as a second-line treatment for squamous NSCLC patients that
have failed first-line platinum-based doublet chemotherapy.

CheckMate 057, with a similar design as CheckMate 017, was a phase 3 clinical
trial that compared nivolumab and docetaxel but in non-squamous NSCLC that had
progressed during or after platinum-based doublet chemotherapy. Secondary endpoints
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included objective response rate, PFS, and efficacy according to PD-L1 expression.
Five hundred and eighty-two patients were randomized to receive nivolumab or
docetaxel in a 1:1 randomization model. Median overall survival, 12-month overall
survival, and 18-month overall survival was 12.2 months, 51%, and 39% for
nivolumab-treated patients and 9.4 months, 39%, and 23% for docetaxel,
respectively. The response rate was 19 and 12% for nivolumab and docetaxel.
Despite median progression-free survival was higher for docetaxel (4.2 vs.
2.3 months), 1-year progression-free survival was 8% for docetaxel and 19% for
nivolumab. Grade 3—4 adverse events were much higher for docetaxel (54%) when
compared with nivolumab (10%). Fatigue, diarrhea, and nausea were the most com-
mon adverse events reported related with nivolumab. In contrast to the squamous
NSCLC patients treated in CheckMate 017, PD-L1 expression using the same
immunohistochemical assay mentioned before was predictive of outcome for all the
endpoints. Subgroup analysis showed also benefit in current or former smokers and
in KRAS-mutated patients if being treated with nivolumab, nevertheless, patients
that had EGFR mutations, older than 75 years and or never smokers had no clear
benefit of the treatment with the monoclonal antibody when compared with
docetaxel [47]. Based on the results of this trial, the FDA approved nivolumab for
non-squamous NSCLC pretreated patients in October 2015.

An update in 2-year survival for CheckMate 017 and CheckMate 057 was
recently presented. Two-year overall survival in CheckMate 017 was 23% for
nivolumab versus 8% for docetaxel in squamous NSCLC patients. Two-year overall
survival for non-squamous NSCLC patients from CheckMate 057 was 29% for
nivolumab and 16% for docetaxel, respectively [48].

In the first-line setting, nivolumab was assessed in the CheckMate 026 trial. This
phase 3 trial randomized untreated stage I'V or recurrent NSCLC patients in a 1:1
ratio to receive nivolumab at a dose of 3 mg/kg every 2 weeks or a platinum-based
chemotherapy every 3 weeks for up to six cycles. Crossover from the chemotherapy
arm to the nivolumab arm was permitted. Primary endpoint was the independent
central review PFS among patients with a PD-L1 expression of more than 5%. Four
hundred and twenty-three patients with a PD-L1 expression level of 5% or more
were included. The median progression-free survival was 4.2 months in the
nivolumab arm versus 5.9 months with chemotherapy (HR = 1.15; 95% CI, 0.91-
1.45; P =0.25), and the median OS was 14.4 months versus 13.2 months (HR = 1.02;
95% CI, 0.80-1.30). A total of 128 of 212 patients (60%) in the chemotherapy
group received nivolumab as subsequent therapy. Grade 3—4 treatment-related
adverse events occurred in 18% of the patients who received nivolumab and in 51%
of those who received chemotherapy. Therefore, nivolumab did not result in a better
PFS or OS when compared to chemotherapy in this population [4].

Combination strategies were also investigated in the first-line setting. CheckMate
012 is a phase 1 trial multi-arm that assessed nivolumab as first-line treatment in
combination with ipilimumab for NSCLC patients. Patients were randomly assigned
(1:1:1) to receive nivolumab 1 mg/kg every 2 weeks plus ipilimumab 1 mg/kg every
6 weeks, nivolumab 3 mg/kg every 2 weeks plus ipilimumab 1 mg/kg every 12 weeks,
or nivolumab 3 mg/kg every 2 weeks plus ipilimumab 1 mg/kg every 6 weeks until
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disease progression, unacceptable toxicities, or withdrawal of consent [49]. Results
of the last two arms were presented where objective responses were achieved in 18
(47% [95% CI 31-64]) patients in the ipilimumab every-12-weeks cohort and 15
(38% [95% CI23-55]) patients in the ipilimumab every-6-weeks cohort. The median
duration of response was not reached in either cohort, with median follow-up times
of 12.8 months (IQR 9.3—-15.5) in the ipilimumab every-12-weeks cohort and
11.8 months (6.7-15.9) in the ipilimumab every-6-weeks cohort. In patients with
PD-L1 of 1% or greater, confirmed objective responses were achieved in 12 (57%)
of 21 patients in the ipilimumab every-12-weeks cohort and 13 (57%) of 23 patients
in the ipilimumab every-6-weeks cohort. Grade 3—4 treatment-related adverse events
occurred in 14 (37%) patients in the ipilimumab every-12-weeks cohort and 13
(33%) patients in the every-6-weeks cohort; the most commonly reported grade 3 or
4 treatment-related adverse events were increased lipase (three [8%] and no patients),
pneumonitis (two [5%] and one [3%] patients), adrenal insufficiency (one [3%] and
two [5%] patients), and colitis (one [3%] and two [5%] patients) [5].

The CheckMate 227 was an open-label, phase 3 trial, evaluating the combination
of nivolumab plus ipilimumab versus chemotherapy among patients with a high
tumor mutational burden that was defined as >10 mutations per megabase. Patients
with previously untreated stage IV or recurrent NSCLC were analyzed for tumor
mutational burden using FoundationOne CDx assay. Additionally, patients with a
PD-L1 expression of at least 1% were randomly assigned in a 1:1:1 ratio to receive
nivolumab plus ipilimumab, nivolumab monotherapy, or chemotherapy. Those with
PD-L1 expression of less than 1% were randomly assigned in a 1:1:1 ratio to receive
nivolumab plus ipilimumab, nivolumab plus chemotherapy, or chemotherapy. PFS
among patients with a high tumor mutational burden was significantly longer with
nivolumab plus ipilimumab than with chemotherapy. The 1-year PFS rate was 42.6%
with nivolumab plus ipilimumab versus 13.2% with chemotherapy, and the median
PFS was 7.2 months (95% CI, 5.5-13.2) versus 5.5 months (95% CI, 4.4-5.8). The
HR obtained was 0.58; 97.5% CI, 0.41-0.81; p < 0.001 and the objective response
rate was 45.3% with nivolumab plus ipilimumab and 26.9% with chemotherapy [6].
The high tumor mutation has become a possible marker to evaluate efficacy of
immunotherapy, dissecting the population that will respond better to treatment.

Pembrolizumab

Pembrolizumab (MK-3475, Keytruda®, Merck Sharp & Dohme) is a highly selec-
tive IgG4 kappa isotype monoclonal antibody against PD-1. This highly selective
antibody binds PD-1 and blocks the PD-1, PD-L1/PD-L2 axis, thus overcoming this
major immune checkpoint inhibitor [50]. It was first approved in 2014 for unresect-
able and metastatic melanoma.

Advanced non-small cell lung cancer patients were assigned to multiple expan-
sion cohorts as part of the phase 1 Keynote 001 clinical trial. Patients with an ECOG
performance status of 0—1, adequate organ function, no history of pneumonitis or
autoimmune diseases, and no active use of systemic immunosuppressive therapy
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were considered to participate in this trial. The primary objectives of this trial were
to evaluate the safety, toxicity profile, and activity of pembrolizumab in NSCLC
patients. After an amendment, a coprimary endpoint was added to assess the effi-
cacy in patients with NSCLC that expressed high levels of PD-L1. PD-L1 expres-
sion was assessed by immunohistochemical 22C3 antibody pharm DX test. Patients
were randomized to either pembrolizumab 2 mg/kg every 3 weeks, pembrolizumab
10 mg/kg every 3 weeks, or pembrolizumab 10 mg/kg every 2 weeks, intravenously
in a 30 min perfusion.

Of the 495 randomized patients that received at least one dose of pembrolizumab,
any-grade adverse events were presented in 70% of the patients, grade 3 or higher
adverse events were reported in 9.5% of patients. The most common any-grade
adverse events were fatigue, pruritus, and decreased appetite. Most frequent treatment-
related adverse events reported were infusion reactions 2%, hypothyroidism 6.9%
and pneumonitis 3.6% including 1.8% grade 3 and 1 death for this reason. Regardless
of the dose, schedule, and histology, similar response rate were found among the
three arms. The overall response rate was 19.4% (18% for previous treated and 24.8%
for untreated patients) and overall stable disease was 21.8%. Response rate was also
higher in current or former smokers (22.5%) as compared with never smoker patients
(10.3%). Median duration of response was 12.5 months (10.4 months for previous
treated and 23.3 months for untreated patients). Overall median progression-free
survival and median overall survival was 3.7 months (3 months for previous treated
and 6 months for untreated patients) and 12 months (9.3 months for previous treated
and 16.2 months for previous untreated patients), respectively. Tumor samples
assessment showed that PD-L1 expression 1-49% was present in 37, 6% of patients
and higher of 50% was present in 23.2% of patients. The objective response rate
(45.2%) was higher in patients that overexpressed PD-L1 (50% or higher) when
compared with patients that had PD-L1 expression of 1-49% or less than 1%. Median
progression-free survival for the group with high PD-L1 expression was 6.3 months
and median overall survival was not reached [51].

Recent update from Keynote 001 regarding overall survival in patients with
PD-L1 expression of 1-49% showed a median overall survival of 11.3 months in
previous treated and 22.1 months in untreated patients. Median overall survival for
PD-L1 expression of 50% or higher was 15.4 months for previous treated and still
not reached for untreated patients [52].

Based on these results, in October 2015, FDA approved pembrolizumab for met-
astatic NSCLC patients that failed to a first line of cytotoxic chemotherapy and
presented with a positive PD-L1 expression.

Conducted in 24 countries, Keynote 010 was an open-label phase 2-3 trial that
compared, in NSCLC patients that had failed to at least one prior line of platinum-
based doublet chemotherapy, pembrolizumab with docetaxel. All patients had to
have at least 1% of PD-L1 expression in their tumors evaluated by immunohisto-
chemical assay (22C3 antibody pharm DX test) and measurable disease according
to RECIST 1.1. Patients were randomized to receive pembrolizumab 2 mg/kg every
3 weeks, pembrolizumab 10 mg/kg every 3 weeks, or docetaxel 75 mg/m? every
3 weeks. Primary endpoints were overall survival and progression-free survival in
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the total population and in the group of patients that have a high expression of
PD-L1 (50% or higher). Nine hundred and ninety-one NSCLC patients (22% squa-
mous) received at least one dose of pembrolizumab or docetaxel. Twenty-eight
percent of patients had a PD-L1 expression of at least 50%. In the total population
group, overall survival was higher in both groups of pembrolizumab treated patients
when compared with docetaxel with a HR 0.71 for pembrolizumab 2 mg/kg dose
(p = 0.0008) and a HR 0.61 for pembrolizumab 10 mg/kg dose (p = 0.0001).
Median overall survival and 1-year survival was 10.4 months and 43.2%,
12.7 months and 52.3%, 8.5 months and 34.6% for pembrolizumab 2 mg, pembro-
lizumab 10 mg, and docetaxel arms, respectively. No differences in overall survival
were between both arms containing pembrolizumab. In subgroups analysis, there
was a clear benefit for the adenocarcinoma patients; however, there was not a clear
benefit in overall survival for squamous NSCLC patients.

Benefit in overall survival was higher in patients treated with pembrolizumab
with high expression of PD-L1 (at least 50%). When compared with docetaxel the
HR of pembrolizumab 2 mg was 0.54 (p = 0.0002) and HR 0.5 (p = 0.0001) for
10 mg/kg dose. Median overall survival in patients with high expression of PD-L1
was for pembrolizumab 2 mg/kg, for pembrolizumab 10 mg, and for docetaxel
14.9 months, 17.3 months, and 8.2 months, respectively. Progression-free survival
was not statistically superior for the pembrolizumab arms when compared with
docetaxel in the total population; however, it was significantly higher in patients with
high expression of PD-L1 (HR 0.59) for both groups of pembrolizumab. Median
progression-free survival was 5 months for pembrolizumab 2 mg/kg, 5.2 months for
pembrolizumab 5.3 mg/kg, and 4.1 months for docetaxel. Objective response rate
was significantly higher either for both pembrolizumab arms than for docetaxel. That
was seen in the total study population and in patients with PD L1 expression of 50%
or higher as well. For pembrolizumab 2 mg, pembrolizumab 10 mg, and docetaxel,
response rates for the total population and for higher PD-L1 population were 18 and
30%, 18 and 29%, 9 and 8%, respectively. There were no complete responses in none
of the three treated groups. Toxicity was significantly lower in both pembrolizumab
arms when compared with docetaxel. Grade 3-5 adverse events and toxicity that led
to treatment discontinuation was reported as follows: 13 and 4% for pembrolizumab
2 mg, 16 and 5% for pembrolizumab 10 mg, 35 and 10% for docetaxel arm. Immune-
related toxicity was similar for pembrolizumab 2 mg (20%) and for pembrolizumab
10 mg (19%). Most common immune-related adverse events reported were hypothy-
roidism, hyperthyroidism, and pneumonitis. Grade 3-5 adverse events reported in
more than 1% in both pembrolizumab arms were pneumonitis and skin reactions.
Two treatment-related deaths were reported for pembrolizumab 2 mg (one pneumo-
nitis and one pneumonia) and three deaths for pembrolizumab 10 mg (one myocar-
dial infarction, one pneumonia, and one pneumonitis) [53].

Recent updated reports of Keynote 010 showed a statistically greater outcome in
overall survival, progression-free survival, and response rate for patients that pres-
ent PD-L1 expression of 75% or higher when compared with subgroups with lower
expression (PD-L1 expression 50-74%, 25-49%, and 1-24%). No differences in
these outcomes were reported for docetaxel-treated group regardless of the level of
PD-L1 expression [54].
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Benefit in overall survival in pembrolizumab-treated patients was not driven
solely by the PD-L1 expression of 50% or higher. A recent report confirmed that
patients from Keynote 010, that were treated with pembrolizumab, had benefit in
overall survival when compared with docetaxel (HR 0.79 with 9.4 months in median
overall survival for pembrolizumab 2 mg/kg dose, HR 0.71 with median overall
survival of 10.8 months for pembrolizumab 10 mg/kg dose, versus median overall
survival of 8.6 months for docetaxel arm) [55].

About the importance to provide a new tissue sample or not, to evaluate the
PD-L1 expression versus using archived samples to assess this expression by
immunohistochemistry, no differences in overall survival were seen between
patients with archived or new samples and not significantly difference in PD-L1
expression of 50% or higher was found regardless if the biopsy provided was
archived or from a fresh tissue sample [56].

Keynote 024 is a phase 3 trial that included 305 patients not previously treated for
an advanced NSCLC with PD-L1 expression on at least 50% of tumor cells and no
sensitizing mutation of the EGFR gene or ALK translocation to receive either pem-
brolizumab (at a fixed dose of 200 mg every 3 weeks) or the investigator’s choice of
platinum-based chemotherapy. Crossover from the chemotherapy group to the pem-
brolizumab group was permitted. The primary endpoint, PFS, was assessed by means
of blinded, independent, central radiologic review. Secondary endpoints were overall
survival, objective response rate, and safety. Median PFS was 10.3 months (95% CI,
6.7 to not reached) in the pembrolizumab group versus 6.0 months (95% CI, 4.2-6.2)
in the chemotherapy group with a HR = 0.50; 95% CI, 0.37-0.68; p < 0.001. The
estimated rate of overall survival at 6 months was 80.2% in the pembrolizumab
group versus 72.4% in the chemotherapy group (HR = 0.60; 95% CI, 0.41-0.89;
p = 0.005). The response rate was higher in the pembrolizumab group than in the
chemotherapy group (44.8% vs. 27.8%), and the median duration of response was
longer (not reached [range, 1.9+ to 14.5+ months] vs. 6.3 months [range, 2.1+ to
12.6+]). Regarding toxicity, treatment-related adverse events of any grade were less
frequent in the pembrolizumab arm, occurring in 73.4% versus 90.0% of patients,
were grade 3, 4, or 5 treatment-related adverse events, and were present in 26.6%
versus 53.3% [7]. An updated analysis after 25 months of follow-up was later pre-
sented showing a OS with pembrolizumab of 30.2 months versus 14.2 months with
chemotherapy, representing a 37% reduction in the risk of death (hazard ratio, 0.63;
95% CI, 0.47-0.86; p = 0.002). The 24-month OS rate was 51.5% versus 34.5%
favoring the pembrolizumab arm. At 12 months, the OS rate was 70.3% in the pem-
brolizumab arm compared with 54.8% in the chemotherapy group. The ORR was
45.5% (95% CI, 37.4-53.7) with pembrolizumab compared with 29.8% (95% ClI,
22.6-37.8) in the chemotherapy group. Median duration of response was not reached
in the pembrolizumab group (range, 1.8+ to 20.6+ months) compared with 7.1 months
(range, 2.1+ to 18.14+ months) in the chemotherapy group [8].

Keynote 042 is a phase 3 clinical trial for the first-line metastatic or unresect-
able NSCLC (squamous and non-squamous histology), in patients that are not
amenable for curative treatment and had a PD-L1 expression of at least 1%. Patients
were assigned to receive pembrolizumab as a monotherapy versus chemotherapy
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(carboplatin plus paclitaxel or carboplatin plus pemetrexed). PD-L1 levels were
assessed by tumor proportion score (TPS). The primary endpoint was OS with TPS
of >50%, >20%, and >1%. The study has met its endpoint and the result will be
presented in a near future [57, 58].

Combination trials have also been evaluated with pembrolizumab. Keynote 189
is a double-blind, phase 3 trial, that assigned 616 metastatic non-squamous NSCLC
patients without sensitizing EGFR or ALK mutations who had received no previous
treatment for metastatic disease in a 2:1 ratio to receive pemetrexed and a
platinum-based drug in combination with either 200 mg of pembrolizumab or pla-
cebo every 3 weeks for four cycles, followed by pembrolizumab or placebo for up
to a total of 35 cycles plus pemetrexed maintenance therapy. Crossover to pembro-
lizumab monotherapy was permitted among the patients in the placebo-combination
group who had verified disease progression. The primary endpoints were overall
survival and progression-free survival, as assessed by blinded, independent central
radiologic review. Overall survival at 12 months was 69.2% (95% CI, 64.1-73.8) in
the pembrolizumab-combination group versus 49.4% (95% ClI, 42.1-56.2) in the
placebo-combination group (HR = 0.49; 95% CI, 0.38-0.64; p < 0.001) after a
median follow-up of 10.5 months. The benefit of the pembrolizumab combination
was observed in all subgroups that were analyzed, including those with a PD-L1
tumor proportion score of less than 1% (12-month OS rate, 61.7% vs. 52.2%;
HR = 0.59; 95% CI, 0.38-0.92), a score of 1-49% (12-month OS rate, 71.5% vs.
50.9%; HR = 0.55; 95% CI, 0.34-0.90), and a score of 50% or greater (12-month
OS rate, 73.0% vs. 48.1%; HR = 0.42; 95% CI, 0.26-0.68). Median PFS was
8.8 months (95% CI, 7.6-9.2) in the pembrolizumab-combination group and
4.9 months (95% CI, 4.7-5.5) in the placebo-combination group (HR = 0.52; 95%
CI, 0.43-0.64; p < 0.001). Adverse events of grade 3 or higher occurred in 67.2% of
the patients in the pembrolizumab-combination group and in 65.8% of those in the
placebo-combination group. The frequency of deaths attributed to pneumonitis in
this trial was consistent with the frequency previously observed with pembroli-
zumab monotherapy in advanced NSCLC [9].

Anti-PD-L1 Inhibitors

An interesting strategy, similar to PD-1 blockade, is the chance to block PD-L1
using monoclonal antibodies that bind this ligand. The PD-L1 antibodies do not
prevent PD-1 from interacting with PD-L2 and CD80, which seems to play a role in
controlling inflammation and protect normal lung tissue from excessive damage
when immune system is activated [59].

This different mechanism of action of the anti-PD-L1 inhibitors, when compared
with PD-1 inhibitors, can lead to a more reduced immune-related toxicity and also,
by blocking the interaction between PD-L1 and CD80, can help to suppress another
negative control on T cells that can theoretically maximize the monoclonal
antibody’s activity [60]. This has not been proven clinically.

There have been several drugs under research.



3 Immunotherapy in Lung Cancer: A New Age in Cancer Treatment 81

Durvalumab (MEDI4736)

Durvalumab is a high affinity human IgG1 that selectively blocks PD-L1 binding to
PD-1 and CD80 without binding to PD-L2, decreasing the risk of immune-related
toxicity due to PD-L2 inhibition.

In a phase 1 dose escalation, cohort expansion, clinical trial, safety and efficacy of
durvalumab was assessed in NSCLC pretreated and treatment-naive patients. Forty-
three percent of patients presented grade 1-2 adverse events; however, no grade 3-5
pneumonitis was reported and no differences in toxicity between pretreated or treat-
ment-naive patients were seen. Preliminary results of 13 first patients that underwent
treatment in the different cohorts showed 3 partial responses and 2 other patients that
achieved tumor shrinkage without resulting in partial response using immune
RECIST criteria. Expansion cohort was opened to recruit at least 300 patients [61].

Recently an update from the phase 1-2 clinical trial was reported in which 198
NSCLC patients (116 non-squamous and 82 squamous histology) were treated
using durvalumab in a dose of 10 mg/kg intravenously every 2 weeks, until disease
progression, unacceptable toxicity or after 1-year of treatment, whatever first, with
the chance to retreat patients if they failed after 12 months of treatment. The objec-
tive response rate was 14% but it was higher in the PD-L1 positive patients (23%).
By histology, response rate was higher in squamous than in non-squamous histol-
ogy (21% and 10%, respectively). Duration of response range was from 0.1 to
35 weeks. Any grade toxicity was reported in 48% of patients, most common
reported adverse events were fatigue (14%), decreased appetite (9%), and nauseas
(8%). Six percent of patients had a grade 3—4 toxicity and only 2% of patients were
discontinued treatment due to toxicity. From the total of patients treated, there was
only two pneumonitis reported [62].

A recent report based on a treatment-naive population showed an objective
response rate of 25% (26% in squamous and 25% in non-squamous NSCLC) and a
disease control rate of 12 or more weeks of 56%. Grade 3 or higher toxicity was
reported in 9% of patients with 7% of treatment discontinuation due to toxicity with
two cases of diarrhea that led to stop treatment [63].

As monotherapy, durvalumab has shown the most promising results in locally
advanced stage III patients after receiving chemoradiotherapy. This phase 3 study
randomly assigned patients in a 2:1 ratio to receive durvalumab at a dose of 10 mg
per kilogram or placebo every 2 weeks for up to a year. These treatments were given
between 1 and 42 days after a definitive treatment of chemoradiotherapy. Two pri-
mary endpoints were explored: PES and OS. The study included 709 patients that
received treatment, 473 receiving durvalumab, and 236 receiving placebo. The
results were published in which median PFS was 16.8 months (95% CI, 13.0-18.1)
with durvalumab versus 5.6 months (95% CI, 4.6-7.8) with placebo (HR = 0.52;
95% (I, 0.42-0.65; p < 0.001); the 12-month PFS rate was 55.9% versus 35.3%,
and the 18-month PES rate was 44.2% versus 27.0%. The median duration of
response was longer for the durvalumab arm (72.8% vs. 46.8% of the patients had
an ongoing response at 18 months). The median time to distant metastasis or death
was longer with durvalumab 23.2 months than with placebo (14.6 months;
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p < 0.001). Adverse events were also important to evaluate given the nature of the
study, in which a treatment was given after a definitive management where there
was no prior recommendation of treatment continuation. Grade 3 or 4 adverse
events occurred in 29.9% of the patients who received durvalumab and 26.1% of
those who received placebo; the most common adverse event of grade 3 or 4 was
pneumonia (4.4% and 3.8%, respectively). Also, a total of 15.4% of patients in the
durvalumab group and 9.8% of those in the placebo group discontinued the study
drug because of adverse events [10]. The positivity of this trial has been possibly the
most important advance in locally advanced disease in the last decade.

Combining an anti-PD-L1 with an anti-CTLA-4 antibody is a promising alterna-
tive in NSCLC patients that is under evaluation. A multicenter non-randomized,
open-label phase 1b study assessed the safety and antitumor activity of durvalumab
plus tremelimumab in 102 locally advanced or metastatic NSCLC patients.
Durvalumab was given in doses of 3 mg/kg, 10 mg/kg, 15 mg/kg or 20 mg/kg every
4 weeks or in a dose of 10 mg/kg every 2 weeks; tremelimumab was given in doses
of 1, 3, or 10 mg/kg every 4 weeks for six doses, then after every 12 weeks for three
doses. The maximum tolerated dose was exceeded in the cohort that received dur-
valumab 20 mg/kg every 4 weeks plus tremelimumab 3 mg/kg every 4 weeks with
two of six patients with dose-limiting toxicity (one patient with grade 3 elevated
transaminases and one patient with grade 4 increased lipase). Toxicity led to discon-
tinuation of treatment in 26% of the patients. The most common any-grade adverse
events reported were diarrhea (32%), fatigue (24%), and pruritus (21%). Most com-
mon grade 3 or grated reported toxicities were diarrhea (11%), colitis (9%), and
increased lipase (8%). Three of 22 deaths during the study period were reported as
attributed to treatment. Based on safety data, the dose chosen for the expansion
phase dose was durvalumab 20 mg/kg plus tremelimumab 1 mg/kg. Of the 63
patients that were assessed for tumor response, 17% achieved an objective response
(including 5% in PD-L1 negative patients) and disease control rate was achieved in
29% of patients. Based on this the authors of this trial concluded that PD-L1 status
might not predict the response to durvalumab plus tremelimumab combination [64].

Licensed by Astra Zeneca, durvalumab is currently under study in different clinical
trials for NSCLC patients, including the TATTON trial where durvalumab is evalu-
ated with osimertinib, either as monotherapy or in combination with tremelimumab.

Atezolizumab (MPDL3280A)

Another anti-PD-L1 agent is atezolizumab, a human IgG1 monoclonal antibody
that contains a mutated Fc domain designed to avoid Fc-receptor binding and there-
fore any PD-L1-targeted ADCC [65].

In a phase I expansion study, squamous and non-squamous pretreated NSCLC
patients were treated with atezolizumab at doses between 1 and 20 mg/kg. Reported
grade 3—4 adverse events included pericardial effusion (6%), dehydration (4%),
dyspnea (4%), and fatigue (4%). No treatment-related deaths occurred. The reported
objective response rate by RECIST 1.1 was 24%. Twenty-four-week progression-
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free survival was 48%. Four over four patients that had PD-L1 positive status
achieved objective response (100%), nevertheless PD-L1 negative patients (4/26)
achieved an overall response rate of 15% with progression disease of 58% [66].

The expanded trial which included 85 NSCLC patients with both squamous and
non-squamous histology, within a study that included other cancer types such as
melanoma and renal cell carcinoma, was performed. NSCLC patients were treated
with atezolizumab every 3 weeks, achieving an objective response rate of 21%.
Current and former smoker had a higher response rate than never smokers (42% vs.
10%, respectively). Patients with higher expressions of PD-L1 levels achieved bet-
ter responses compared to whom did not. For all the patients treated in this trial,
including NSCLC and other tumor types, any grade toxicities were reported in 70%
of the patients. The most common adverse events reported were fatigue (24%),
decreased appetite (11%), nauseas (11%), pyrexia (11%), diarrhea (10%), and rash
(10%); grade 3—4 toxicities were reported in 39% of patients and included dyspnea
(4%), anemia (3.6%), fatigue (3.2%), and hyperglycemia (2.5%) [67].

Clinical outcomes in distinct cancer types with high levels of PD-L2 expression
have also showed a superior benefit with atezolizumab treatment [68].

The combination of atezolizumab plus chemotherapy in the first line of treatment
in NSCLC patients has been tested in a phase 1b trial. Patients received atezoli-
zumab 15 mg/kg intravenously every 3 weeks plus 4-6 doses of platinum-based
chemotherapy followed of atezolizumab as maintenance therapy. Up to 13% of
patients presented grade 3—4 toxicity, most of them hematological and related with
chemotherapy. One death due to candidemia after a prolonged neutropenia was
reported. Overall response rate was different into groups of chemotherapy treatment
but it ranged between 60 and 75%, responses were considered as not related to
PD-L1 status [69].

The phase 2 clinical trial BIRCH was an open-label multicenter study that
assessed the safety and efficacy of atezolizumab in NSCLC patients that express
PD-L1. This trial included 667 treatment-naive and pretreated patients. PD-L1 sta-
tus was assessed by an immunohistochemical assay developed by Roche Diagnostics
that measures tumor cells (TCs) and tumor-infiltrating immune cells (ICs), there-
fore its results are interpreted by a score that included both components and were
reported as TC 0 (TCO < 1%), 1 (TC1 > 1% and <5%), 2 (TC2 > 5% and <50%) or
3 (TC3 > 50%) and IC 0 (ICO < 1%), 1 (IC1 > 1% and <5%), 2 (IC2 > 5% and
<10%) or 3 (IC3 > 10%). Eligible patients for this trial were patients with a TC 2/3
or IC 2/3. Patients included received atezolizumab at 1200 mg intravenously every
3 weeks. The primary endpoint was objective response rate. Patients that scored TC
3/1C 3 had higher responses rates than patients that presented TC 2/3 or IC 2/3 in the
first line (26% vs. 19%), second line (24% vs. 17%), and third line or further of
treatment (27% vs. 17%) [70].

The POPLAR trial was a phase 2 study that compared atezolizumab versus
docetaxel in locally advanced or metastatic NSCLC that had progressed after a first
line of treatment, regardless of the PD-L1 status assessed by the same immunohis-
tochemical assay that was mentioned above. Two hundred and eighty-seven patients
were enrolled in the trial receiving atezolizumab at a fixed dose of 1200 mg every
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3 weeks. POPLAR’s primary endpoint was overall survival. Atezolizumab achieved
higher survival than docetaxel in all the subgroups of patients that were PD-L1 posi-
tive: median overall survival for any expression 15.5 months versus 9.2 months (HR
0.59 p = 0.005), medium (TC2/3 or IC2/3) and high (TC3 or IC3) expression 15.1
months versus 7.4 months (HR 0.54 p = 0.014), high expression 15.5 months versus
11.1 months (HR 0.49 p = 0.068). For PD-L1 negative patients (TC 0 and IC 0),
there was no difference in median overall survival for atezolizumab and docetaxel
(9.7 months for both groups) [71].

A recent update of POPLAR trial showed an increase in the separation of curves
with improved overall survival in favor of atezolizumab when compared with
docetaxel (ITT population median overall survival 12.6 months versus 9.7 months
(p =0.011); TC3 or IC3 median overall survival not reached versus 11.1 months
(p = 0.033). Regarding histology, there was no significant difference between his-
tologies, with both histologic subtypes (squamous vs. non-squamous) favoring
atezolizumab over docetaxel in overall survival [72].

The OAK trial was a phase 3, open-label, second or higher line international trial.
Patients included had a stage IIIB or IV squamous or non-squamous NSCLC who
had received one or two previous chemotherapy regimens and no previous anti-
CTLA-4, anti-PD-L1, or anti-PD-L1 therapy. Patients were randomly assigned in a
1:1 to either atezolizumab 1200 mg or docetaxel 75 mg/m? every 3 weeks. Coprimary
endpoints were OS in the intention-to-treat (ITT) and PD-L1-expression population
TC1/2/3 or IC1/2/3 (21% PD-L1 on tumor cells or tumor-infiltrating immune cells).
One thousand two hundred and twenty-five patients were recruited where 425
patients were randomly assigned to receive atezolizumab and 425 patients were
assigned to receive docetaxel. OS was significantly longer in patients who had
received atezolizumab in both the ITT and PD-L1-expression populations. In the
ITT population, OS was improved with atezolizumab compared with docetaxel
where the median OS was 13.8 months (95% CI 11.8-15.7) versus 9.6 months (8.6—
11.2); HR = 0.73 (95% CI 0.62-0.87); p = 0.0003. OS in the TC1/2/3 or 1C1/2/3
population was improved with atezolizumab (n = 241) compared to docetaxel
(n = 222); median OS was 15.7 months (95% CI 12.6-18.0) with atezolizumab
versus 10.3 months (8.8-12.0) with docetaxel; HR = 0.74 (95% CI 0.58-0.93);
p =0.0102. Patients in the PD-L1 with TCO and ICO also had a positive result with
improved survival favoring atezolizumab with a median OS of 12.6 months versus
8.9 months; HR = 0.75 (95% CI 0.59-0.96). OS improvement difference was simi-
lar in the squamous and non-squamous populations. Regarding side effects, fewer
patients had treatment-related grade 3 or 4 adverse events with atezolizumab (15%
of patients) versus docetaxel (43% of patients). One treatment-related death from a
respiratory tract infection was reported in the docetaxel group [11].

Atezolizumab has also been recently evaluated in combination with bevacizumab
and chemotherapy among patients with previously untreated metastatic non-
squamous NSCLC regardless of PD-L1 expression. The IMpower 150 trial is an
international, open-label, phase III study which randomized 1202 patients ina 1:1:1
ratio into three treatment arms: atezolizumab plus carboplatin plus paclitaxel (ACP),
atezolizumab plus bevacizumab plus carboplatin plus paclitaxel (ABCP), or bevaci-
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zumab plus carboplatin plus paclitaxel (BCP), each administered for 4-6 cycles.
After induction chemotherapy, patients continued to receive atezolizumab, bevaci-
zumab, or both until disease progression or intolerable toxicity. Primary endpoints
were progression-free survival in the intention-to-treat population with wild type
(WT) genotype (no EGFR or ALK genomic alterations) and among patients in the
WT population with high expression of an effector T cell gene signature (Teff-high
WT population), as well as overall survival in the WT population. The Teff gene
signature was defined as the expression of PD-L1, CXCL9 and IFN-y messenger
RNA. In the WT population, median progression-free survival was significantly
longer in the ABCP arm than in the BCP arm (8.3 vs. 6.8 months, HR 0.62, 95% CI
0.52-0.74, p < 0.001). In the Teff-high WT population, median progression-free
survival was significantly longer in the ABCP group compared to the BCP group
(11.3 vs. 6.8 months, HR 0.51, 95% CI 0.38-0.68, p < 0.001). In subgroup analysis,
prolonged progression-free survival was also noted irrespective of PD-L1 status,
including those with no PD-L1 expression, low PD-L1 expression, and low Teff
gene signature expression. Notably, in an analysis of patients with EGFR mutations
or ALK translocations (n = 108), median progression-free survival was also longer
in the ABCP arm compared to the BCP arm (9.7 vs. 6.1 months, HR 0.59, 95% CI
0.37-0.94). Among the wild type population, OS was found to be significantly lon-
ger in the ABCP arm compared to the BCP arm (19.2 months vs. 14.7 months, HR
0.78, 95% CI 0.64-0.96, p = 0.02). Grade 3 or 4 treatment-related adverse events
occurred in 55.7% of patients in the ABCP arm and 47.7% of the BCP group. The
safety profile of the ABCP arm was felt to be consistent with the known safety risks
of each of the individual drugs [73]. The data from this study suggest that the addi-
tion of cytotoxic chemotherapy to immune checkpoint inhibitors may enhance the
effects of PD-1/PD-L1 inhibition.

Avelumab

Avelumab (MSB0010718C) is a fully human anti-PD-L1 IgG1 monoclonal anti-
body and has a native Fc receptor for ADCC [74].

A phase I, open-label, parallel-group expansion study of avelumab was con-
ducted to assess the tolerability and safety of avelumab in metastatic or local
advanced solid tumors that included NSCLC patients but also gastric, ovarian, mel-
anoma, and breast cancer patients. Avelumab was given a 10 mg/kg dose every
2 weeks. Four hundred and eighty patients were treated in this trial and 68% of them
present an adverse event any grade, most frequent toxicities reported were fatigue
(20%), nausea (13%), infusion-related reaction (9%), diarrhea (7%), chills (7%),
decreased appetite (6%), pyrexia (5%), influenza-like illness (5%), and arthralgia
(5%). Thirty-four patients were discontinued of treatment due to adverse events
including eight patients that presented infusion reactions. Drug-related toxicity
grade 3 or higher was reported in 12% of patients and the most common toxicities
reported were anemia (5), fatigue (5), increased GGT (4), infusion reactions (4),
increased lipase (4), and decreased lymphocytes (3). Immune-related toxicities
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were reported in 11.7% of patients and the most common were hypothyroidism
(4.0%) and pneumonitis (1.5%) [75].

Inside this study, stage III B or IV NSCLC patients previously treated with a
platinum-based doublet were considered to receive avelumab 10 mg/kg every
2 weeks until complete response, disease progression, or unacceptable toxicity.
One hundred and eighty-four NSCLC patients were included (62% adenocarci-
noma, 29% squamous carcinoma). Seventy-five percent of patients presented at
least one any-grade adverse event. Most common toxicities reported were fatigue,
nausea, infusion-related reactions, chills, decreased appetite, and diarrhea. Drug-
related toxicity grade 3—4 was present in 12% of patients including four cases of
infusion reactions. Three drug-related deaths were reported (radiation pneumoni-
tis, acute respiratory failure, and disease progression). Response rate and stable
disease were observed in 12 and 38% of patients (14.4% of response rate in PD-L1
positive and 10% in PD-L1 negative patients). Overall progression-free survival
was 11.6 weeks (11.7 weeks in PD-L1 positive and 5.9 weeks in PD-L1 negative
patients) [76].

In a phase 1b trial, avelumab was tested as first line of treatment in 145 local
advanced or metastatic NSCLC patients (63% adenocarcinoma, 27 squamous)
without EGFR or ALK mutations, regardless of the PD-L1 status.

Patients received avelumab 10 mg/kg intravenously every 2 weeks until progres-
sion or unacceptable toxicity. All grade toxicities were reported in 56% of patients.
Most common adverse events were infusion reactions (16%) and fatigue (14%).
Grade 3—4 toxicities were reported in 9% of the patients. No deaths related to treat-
ment were observed. Overall response rate assessed by RECIST 1.1 was reported in
18.7% of patients (1 complete response and 13 partial responses), stable disease was
reported in 45% of patients. All reported responses were achieved in PD-L1 positive
patients without any response in PD-L1 negative patients. Median progression-free
survival was 11.6 weeks for all the treated population [77].

Currently, a phase 3 clinical trial comparing avelumab with docetaxel as second
line of treatment for PD-L1 positive NSCLC patients is ongoing [78].

BMS-936559

BMS-936559 is a fully human IgG4 antibody that inhibits binding of PD-L1 to
PD-1 and CD80, binding PD-L1 but also CTLA-4 and CD28 with high affinity [59].

This drug was tested in a phase 1 dose escalation and cohort expansion trial
including melanoma, NSCLC, renal cell carcinoma patients and others (ovarian,
pancreatic, colorectal cancer). There was 8.6% of grade 3—4 toxicity without deaths
due to treatment. Some adverse events of special interest reported were hypothy-
roidism, hepatitis, sarcoidosis, endophthalmitis, and myasthenia gravis. Objective
responses were observed in heavily pretreated patients including responses lasting
longer than 1 year [79]. Despite this drug is not currently being studied in cancer
patients, there are clinical trials ongoing for sepsis treatment.



3 Immunotherapy in Lung Cancer: A New Age in Cancer Treatment 87

Immunotherapy and NSCLC: Milestones, Concerns, Fears,
and Challenges

Non-small cell lung cancer is unfortunately the most common malignancy world-
wide. Official records by Globocan showed that in 2012 there was an incidence,
including both sexes, of 1,824,701 new cases around the world and 1,589,925 deaths
in the same year for this disease. In other words, for every 100 persons that have
been diagnosed with lung cancer there will be 87 persons that will die due to lung
cancer in a 12 month time period. For both sexes together and in men, non-small
cell lung cancer is the leading cause of mortality by cancer and the second cause of
mortality by cancer in women [80]. In the United States, there is a trend to decrease
in incidence and mortality due to NSCLC since 2012. Anti-tobacco laws and regula-
tions are playing probably a major role in this trend to “improve” of the curves;
however, there was reported in the United States an 5-year survival for lung cancer
of only 17.7% for the period 2006-2012, with 224,390 new cases estimated for
2016 and 158,080 deaths in the same year representing 26.5% of mortality for can-
cer in this country [81].

Since 1980s and until the first half of the 2000s decade, very few steps that had
a real impact in the prognosis of unresectable or metastatic NSCLC patients were
given: some new chemotherapy regimens (always in first-line platinum-based dou-
blets); attempts to add antiangiogenics to chemotherapy regimens; development of
second-line cytotoxic chemotherapies. However, those steps did not achieve a great
impact in overall survival and obviously lesser impact in 5-year survival rates. By
the second half of the 2000s targeted therapies, in the beginning directed against
EGFR mutations and years later against ALK translocations, have taken a place in
the treatment of this malignancy, achieving a high impact in overall survival in this
population of patients, that represents approximately one-fourth to one-fifth of the
entire population of non-small cell lung cancer worldwide, with disparities by
regions probably due to genetics and tobacco consumption.

We have been witnesses of the most revolutionary milestone of the systemic
cancer treatment: the emergence of immunotherapy. Unexpected first results in mel-
anoma patients were published in 2010, changing the paradigm of how to treat this
malignancy. Pooled analysis showed that one-fourth of the patients that had been
treated with ipilimumab are alive for more than 3 years, with a clear plateau in the
survival curve. It is too early yet to talk about “the cure of cancer,” nonetheless it
seems that immunotherapy in general is given an approach to this scenario. We are
currently under a storm of information that many times exceeds the capability of
analysis and comprehension. New drugs are emerging and clinical trials that are
looking for testing them are under development.

First reports and approval in NSCLC of immunotherapy drugs are relatively new,
time will be needed to assess a longer term benefit; however, with the current infor-
mation we already can say that there must be a change in the paradigm of how to
treat NSCLC patients that are not amenable for curative options.
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Lung cancer cells have multiple immunosuppressive mechanisms that are critical
to escape of the immune system and survive. Anti-CTLA-4 such as ipilimumab,
drug that changed the paradigm in melanoma treatment, when tested in clinical tri-
als did not show the expected benefit in non-small cell lung cancer patients.
Nevertheless, other checkpoint inhibitors such as anti-PD-1 and anti-PD-L1 are
emerging. These drugs do not attack directly the tumor cell as cytotoxic chemo-
therapy does, they work by suppression of the main mechanisms involved in
immune-tolerance and tumor evasion from immune response.

In NSCLC anti-PD-1 and anti-PD-L1 monoclonal antibodies have shown signifi-
cant activity, significant outcomes in survival, long lasting responses, and good safety
profile when compared with cytotoxic chemotherapy, including naive and pretreated
patients with squamous and non-squamous histology (Tables 3.1 and 3.2). Moreover
patients not expressing PD-L1 in their tumors, when treated with anti-PD-1 drugs,
achieve similar responses to patients treated with chemotherapy, but patients with
high levels of PD-L1 expression have much better results when compared with stan-
dard treatment.

Identification of predictive biomarkers to select patients most likely responding
to immunotherapies is currently being investigated. Because of the critical role of
PD-1/PD-L1 pathway activation in downregulating T cell activity, several investiga-
tions have focused on tumor microenvironment components [23-88]. PD-L1 is
upregulated in selected solid tumors, including squamous and non-squamous non-
small cell lung cancers, and it can be detected by immunohistochemistry on tumor
cells (TCs) and immune cells (ICs).

Both anti-PD-1 pembrolizumab and anti-PD-L1 atezolizumab show a greater
impact in outcomes in PD-L1 positive patients. Nivolumab, however, got approval
without needing PD-L1 positive demonstration, even though there is a trend of ben-
efit in PD-L1 positive patients, mainly in adenocarcinoma histology. One big prob-
lem is how to translate the results of the different trials in order to define what

Table 3.1 Pivotal second-line phase Il immunotherapy trials in advanced NSCLC

Histology, PD-L1 Median
expression Number | PFS Median OS
Trial requirement Drugs of patients | (months) (months)
CheckMate 017 | Squamous Nivolumab 135 3.5 9.2
Docetaxel 137 2.8 6.0
CheckMate 057 | Non-squamous Nivolumab 292 2.3 12.2
Docetaxel 290 4.2 9.4
KEYNOTE-010 | NSCLC, >1% Pembrolizumab | 344 39 10.4
2 mg/kg
Pembrolizumab | 346 4.0 12.7
10 mg/kg
Docetaxel 343 4.0 8.5
OAK NSCLC Atezolizumab 425 2.8 13.8
Docetaxel 425 4.0 9.6

NSCLC non-small cell lung cancer, PFS progression-free survival, OS overall survival
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should be considered as PD-L1 positive, which ought to be the cutoff point and then
how to define the best treatment for every patient [89]. This is a confusing situation.
We cannot affirm if an anti-PD-1 is more effective than the other just for the pub-
lished results of the different trials. All the anti PD-1s approved and the anti-PD-1s
and anti-PD-L1s under research and development use different assays to measure
the levels of PD-L1 expression [90]. Probably in a short time, some of the immuno-
therapy drugs under development will be approved and the decision of treatment
will become harder. PD-L1 seems to be a predictive biomarker; however, when
there are several immunohistochemical assays for just one biomarker, it is difficult
to decide which one to use, and it is also important to understand that currently
every assay is linked to a specific drug. In most of the clinical trials, PD-L1 expres-
sion has been assessed in tumor cells; however, atezolizumab’s trials have also
incorporated the determination of PD-L1 in immune cells. It is not possible to pro-
vide different samples of tissue in order to define the treatment that fits the best for
just one single patient. It is extremely necessary that the regulatory agencies can
take part of this issue in order that the pharmaceutical industry can define one
universal assay to evaluate PD-L1 expression and can define similar cutoff points to
be able to compare the different drugs for the same indication.

Beside PD-L1 expression other biomarkers are under investigation. Tumor het-
erogeneity and mutational density in lung cancer, and also the tumor microenviron-
mentplay aroleinthe variability of responses and outcomes inimmunotherapy-treated
patients regardless of the PD-L1 status. Probably PD-L1 expression is the first
approach to define a biomarker that can predict response; however, it is insufficient
to understand several mechanisms of resistance to drugs and also to understand why
PD-L1 negative patients can achieve response to treatment.

Combining anti-PD-1s or anti-PD-L1s with anti-CTLA-4 drugs seems to be an
interesting strategy to improve the outcomes in NSCLC. Clinical trials are already
ongoing and preliminary reports are auspicious. Other strategies under development,
related with immunotherapy in NSCLC, include combination of immunotherapy
plus chemotherapy, antiangiogenics and specific-mutation targeted therapy (such as
anti-EGFR or anti-ALK mutations). Immunotherapy is also under research in
patients with local advanced disease as adjuvant treatment after chemo-radiation.

It is well known that the toxicity profile of immunotherapy is different from that
of chemotherapy. Immunotherapy has a lower incidence of adverse events but it can
be severe in some opportunities, hard to predict and with unusual forms of presenta-
tion. This scenario needs that oncologists have to be trained in immune-related
adverse events recognition and their specific treatments [91].

Many of the NSCLC patients treated with immunotherapy worldwide have been
able to access to these drugs because they have been enrolled in a clinical trial, or
they have been supported in a compassionate use of a specific drug. However, the
commercial value of these treatments is an issue that have ethical concerns.
Indubitably, pharmaceutical companies make a big investment in drug’s develop-
ment, nevertheless, the current costs of the drugs will limit the possibility of the
patients to be treated, and or will affect the economy of several countries in case of
they were command to provide them by law. Even more, current combination of
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immunotherapy treatments, if they are approved in future for NSCLC, could cost up
to one million dollars per patient per year. This economical and ethical issue will
force to select very well whom will be the patients that will have a real positive
impact with immunotherapy treatment, and to look for biomarkers that can ensure
in a correct manner a good and prolonged response to treatment.

In a short period of time, not only in NSCLC but also in several malignancies,

immunotherapy became a mainstay of cancer treatment and it will likely help in the
future to provide a powerful hand in cancer cure.
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Chapter 4

Update on Immunotherapy in AML
and MDS: Monoclonal Antibodies
and Checkpoint Inhibitors Paving
the Road for Clinical Practice

Check for
updates
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Abstract In the past few years, our improved understanding of the pathogenesis of
acute myeloid leukemia (AML) and myelodysplastic syndrome (MDS) has led to
remarkable advances in the development of novel therapeutic approaches for these
diseases. This chapter summarizes the available clinical data with immune-based
therapeutic modalities in AML and MDS, focusing on monoclonal antibodies,
T cell engager antibodies, chimeric antigen receptor (CAR)-T cells, and check-
point blockade via blockade of PD-1/PD-L1 or CTLA4. Numerous clinical trials
are currently ongoing in patients with AML and MDS, both in the frontline and
relapsed refractory setting. Given the natural diversity of AML blasts, it became
apparent that the best responses would be achieved with rationally designed com-
bination strategies of immune therapy, molecular therapy, and chemotherapy. A
number of such combinations are enrolling patients with AML in various clinical
settings. Biomarkers to select the optimal combination regimen for individual
patients are critical.
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Introduction

Acute myeloid leukemia (AML) is a genetically heterogeneous disease, character-
ized by clonal proliferation of myeloid precursors. Despite our improved under-
standing of the biology underlying AML, the therapeutic approach to AML had not
substantially changed over the last 40 years. Standard frontline therapy comprises
3 + 7 like induction chemotherapy, introduced in the 1970s [1], followed by consoli-
dation cycles or allogeneic stem cell transplantation (alloSCT), based on the
patient’s risk of relapse. Unfortunately, prognosis remains relatively poor with long-
term overall survival (OS) achieved in approximately 40% of young adults, and
only 10-15% of elderly patients (>65 years) with AML [2]. Most patients are either
primary refractory to induction therapy or subsequently relapse following a brief
remission likely due to persistence of chemo-resistant leukemia stem cells or low
volume minimal residual disease.

Targeting specific tumor-related antigens with antibody-based therapies and
engaging the patient’s own immune system to attack cancer cells have recently
become areas of significant clinical research in many hematologic malignancies,
including AML and myelodysplastic syndrome (MDS).

In this chapter, we focus on mechanism-based overview of novel “immunothera-
peutic” agents in AML currently being evaluated in clinical trials, particularly
monoclonal antibodies, and T- cell engaging therapies. Currently ongoing clinical
trials are summarized in Tables 4.1 and 4.2, and the chapter focuses on the most
recent clinical advances in the development of immune-based therapies in patients
with AML and MDS.

Monoclonal Antibodies

Monoclonal antibodies (MoAb) based therapies have become an integral part of
cancer treatment, and leukemia is well suited to this approach because of the
accessibility to malignant cells in blood and bone marrow. Ideal targets represent
surface antigens expressed primarily on leukemic blasts while sparing hematopoietic
stem cells. In AML, putative targets for antibody targeted therapy include antigens
such as CD33, CD123, CD32, CD25, CD44, CD96, CLL-1, and TIM-3 [3].

Most clinical studies in AML have focused on CD33 and CD123 with various
MoAb currently in clinical development. As unconjugated MoAb showed limited
activities, most recent approaches have focused on MoAb conjugated with a toxic
payload, also called “antibody drug conjugates” (ADC). Furthermore, novel
approach in MoAb development includes constructs that bring cytotoxic T cells (by
binding to CD3) in proximity with leukemia cells (by binding to a specific leukemia
antigen) resulting in T cell activation and leukemia cell destruction, such as
bispecific T- cell engagers (BiTEs), bispecific/trispecific killer cell engagers
designed to target CD16 on NK cells (BiKE/TriKE), or dual affinity retargeting
(DART) molecules.
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Anti-CD33 Antibodies

CD33 is a myeloid differentiation antigen primarily expressed at very early stages
on myeloid progenitors, as well as >90% on AML blasts [4].

Gemtuzumab Ozogamicin (GO; Mylotarg)

The development of the best-known MoAb in AML therapy, gemtuzumab ozogami-
cin (GO), a humanized anti-CD33 MoAb conjugated with a DNA-damaging toxin
calicheamicin, has been a mixture of successes and disappointments. The FDA first
granted GO an accelerated approval in 2000 for older patients with AML in first
relapse on the bases of a 30% overall response rate (complete remission [CR]+
complete remission with incomplete counts recovery [CRi]) in a large phase II clini-
cal trials [5, 6]. Ten years later, GO was voluntarily withdrawn from the US market,
when the phase III SWOG S0106 trial showed no survival benefit, increased early
mortality, and increased rate of sinusoidal obstruction syndrome or veno-occlusive
disease (VOD) in the patients who received GO [7]. The GO dose used in this study
was a non-fractionated, higher dose of 6 mg/m?. Subsequently, four large random-
ized trials showed improved overall survival (OS) without increased early mortality
or VOD with the addition of fractionated doses of GO to standard induction chemo-
therapy, particularly in patients with favorable or intermediate cytogenetics [8—10].

More recently, the efficacy of GO was confirmed in a multicenter, phase 3, ran-
domized (1:1) study of 237 older patients with newly diagnosed AML, comparing
single agent GO to best supportive care (BSC). GO demonstrated an improved
median OS over BSC (4.9 vs. 3.6 months, p = 0.005, HR 0.69, CI 0.53-0.90), with
1-year OS rates of 24.3% with GO and 9.7% with BSC. More importantly, the OS
benefit with GO was consistent across most subgroups with the best activity in
patients with high CD33 expression, in those with favorable/intermediate
cytogenetics, and in women. Overall response (CR/CRi) occurred in 30 of 111
(27%) GO recipients [11]. After another phase 2 study demonstrated the ability of
GO to induce CR in 26% of patients with relapsed AML after only one course [12],
the efficacy of GO has become undeniable.

Finally, in September of 2017, FDA re-approved GO for the treatment of adults
with newly diagnosed CD33+ AML and relapsed refractory CD33+ AML in patients
older than 2 years in combination with chemotherapy or as a monotherapy. Currently,
multiple clinical trials are ongoing to gain additional knowledge regarding the
efficacy, toxicity, and best clinical use of GO in patients with AML in the frontline
or relapsed setting (Table 4.1).
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SGN33A (Vadastuximab Talirine)

After preclinical studies of SGN33A showed encouraging cytotoxic potency against
AML cell lines (>30 more potent than GO) [13, 14], the agent entered numerous
phase I and II clinical trials in treatment naive, relapsed/refractory, or elderly
patients with CD33+ AML, as a single agent or in combination with cytotoxic
chemotherapy or hypomethylating agents (HMA; azacitidine [AZA] or decitabine
[DAC]).

Initial phase I-II studies were promising and showed rapid and deep remissions,
and a tolerable safety profile. As a monotherapy, SGN33A produced overall response
rate (CR/CRi) of 28% with a 47% blast clearance, at the recommended dose of
40 pg/kg, in patients with relapsed/refractory AML or older treatment naive AML
(n = 131). Myelosuppression (>G3 neutropenia 15%; anemia 25%; and
thrombocytopenia in 31%) was the most common adverse event (AE). The 8-week
mortality rate was 8% [15].

SGN33A was shown to be more effective when combined with induction chemo-
therapy (7 + 3) or HMA, producing overall response rate (CR/CRi) of 78% [16] and
73% [17] in newly diagnosed patients with AML, respectively. The early mortality
rates in the phase II studies were similar to what would be expected with standard
chemotherapy or HMA alone. These encouraging results led to a global, double-
blinded, placebo-controlled phase 3 successor trial (CASCADE) investigating
SGN33A with and without HMA in frontline AML patients not fit for induction
chemotherapy.

However, further development of SGN33A has been disappointing. Initially,
FDA placed some of the SGN33A trials (especially those that administered peri-
transplant SGN33A) on intermittent clinical hold between 12/2016 and 3/2017 due
to occurrence of hepatotoxicity/VOD when the agent was administered close to the
time of SCT. Finally, the development of SGN33A was suspended in all clinical
trials in June 2017 after an independent panel observed a higher rate of deaths,
including fatal infections, on the SGN33A arm of phase 3 CASCADE trial [18].
The data from the CASCADE trial are currently being analyzed, but it is unlikely
that SGN33A will move forward in the AML space.

IMGN779 (ImmunoGen)

Another anti-CD33 antibody with promising preliminary clinical activity is
IMGN779, a humanized antibody conjugated to DGN462, a novel DNA-alkylating
agent consisting of an indolino-benzodiazepine dimer (IGN payloads) [19].

In preclinical studies, IMGN779 showed potent activity against AML cells,
including those harboring mutations in FMS-like tyrosine kinase 3 (FLT3) [20].
Furthermore, recent reports suggest that cytarabine might potentiate the activity of
IMGNT779 by increasing the surface CD33 levels on AML cells, leading to improved
DNA damage response, cell cycle arrest, and apoptosis. This observation favors
evaluation of combination of these two agents in clinical trials [21].
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Preliminary results of phase I dose finding study of IMNG779 in 26 patients with
relapsed refractory AML (including 19% patients after alloSCT) are promising. The
agent was safe with no drug limiting toxicities at doses up to 0.7 mg/kg. Grade >3
AEs observed in more than 10% of patients included febrile neutropenia (39%),
pneumonia (19%), anemia (19%), respiratory failure (15%), and hypophosphatemia
(12%). At doses between 0.39 and 0.7 mg/kg, all nine patients showed decreased
peripheral blasts with a median maximal reduction of 67% (range: 15-100%).
Additionally, three patients showed a substantial decrease in bone marrow blasts
within the first three cycles by 96, 90, and 48% [22].

Anti-CD123

The second most common clinically exploited target for moAb for patients with
AML is CD123, which after binding to interleukin-3 (IL-3Ra) promotes increased
cell survival and proliferation [23], as well as leukemia relapse and resistance to
chemotherapy [24].

JNJ-56022473 (Talacotuzumab, Variant of Former CSL-362)

A second-generation anti-CD123 antibody, JNJ-56022473 (talacotuzumab), a fully
humanized antibody with enhanced cellular toxicity due to binding to NK cells
(CD16), demonstrated activity and safety as a maintenance therapy in a phase 1
study of patients with CD123+ AML in first or second CR/CRi and at a high risk of
relapse. Fifty percent of patients (10/20) maintained their CR with a median duration
of CR of 34+ weeks. Hypertension and infusion reaction were the most common
treatment emergent and dose limiting toxicities [25]. A randomized phase II/III trial
of DAC with or without talacotuzumab in patients with untreated AML who are not
candidates for intensive chemotherapy was initiated (n = 326). In October of 2017,
the company (J&J) decided to stop further development of this compound for an
unreleased reason.

SL-401 (DT388IL3)

Currently, one of the most promising anti-CD123 antibodies is SL-401 (DT388IL3),
which has been granted breakthrough drug designation by the FDA and EU for the
treatment of patients with blastic plasmacytoid dendritic cell neoplasm (BPDCN) in
October of 2017. SL-401 is a recombinant fusion protein composed of the truncated
diphtheria toxin and a human IL-3 ligand [26], which after binding to CD123 gets
internalized, leading to the inactivation of protein synthesis, and cell death.
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A phase 2 clinical trial for patients with BPDCN showed excellent activity of
SL-401 with an overall response rate (ORR) of 84% in all patients (and ORR of
95% in the frontline settings) [27].

Results in patients with AML were not that impressive. The agent produced 2
complete and 4 partial remissions, with 4 additional patients having a >50% bone
marrow blasts reduction in a phase I trial involving 74 AML/MDS patients (56 with
relapsed and refractory AML). The median survival and overall survival at 12 months
in patients with relapsed AML (>2nd salvage) were 3.2 months and 22%,
respectively, both favorable when compared to historical results. Grade >3 AEs
were only transient and included elevation in transaminases (20%), and capillary
leak syndrome (4%) [28, 29]. The phase II study evaluating SL-401 in patients with
relapsed refractory AML is ongoing, and so far has shown stable disease in 3/6
patients for 12+ cycles [30]. The agent is also being evaluated as a maintenance
therapy in a phase 2, multicenter, two-stage study in patients with AML in a first or
second CR with a high risk of relapse. The first dose finding stage was successfully
completed (n = 9) without any drug limited toxicity, and with a recommended dose
for phase 2 at 12 mcg/kg in this maintenance setting. The most common grade >3
AEs included ALT/AST increase (up to 31%), thrombocytopenia (19%), and
cytokine release syndrome (CRS, 13%). Five patients were relapse-free for at least
5+ months [31]. Translational data presented from the previous studies showed a
potential mechanism of resistance to SL-401 by the loss or decreased expression of
DPHI enzyme that converts histidine to diphthamide—the direct target for ADP
ribosylation—which could be overcome by combining SL-401 with AZA [32].
Based on these data, a multicenter phase 1 trial of the combination of SL-401 and
AZA in patients with AML or MDS has been initiated and is currently enrolling
(Table 4.1).

Anti-KIR

Another intriguing approach to immunotherapy for AML represents an antibody
against killer-cell immunoglobulin receptor (KIR) on NK cells, lirilumab. Lack of
KIR interaction with HLA class I has been associated with augmented NK cell-
mediated antitumor activity in patients with AML [33].

Lirilumab was found to be safe in a phase 2, randomized, double-blinded, pla-
cebo-controlled maintenance trial in elderly patients with AML in first CR (n = 153).
Patients were randomly allocated to receive placebo (n = 51), or lirilumab as an
intermittent (0.1 mg/kg, n = 50) or continuous infusion (1 mg/kg; n = 51) for up to
2 years of therapy. The median time to randomization from CR was 3.3 months. Due
to excess early relapses, the continuous arm (1 mg/kg dose) was discontinued at
interim analysis. The other two cohorts continued to accrue with a mean number of
cycles at the time of final report of 14.7 and 13.8 for the lirilumab (0.1 mg/kg) and
placebo, respectively. After a median follow-up of 36.6 months, lirilumab was well
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tolerated. Ten percent of patients discontinued therapy due to AE, most of which
were grade 1 or 2. Leukemia free survival was similar between lirilumab and pla-
cebo (LFS lirilumab intermitted versus placebo: 17.6 (range 11.2-25) versus 13.9
(range, 7.9-27.9) months, respectively; HR 0.96 [95% CI 0.61-1.56]) [34].

Similarly, safety of lirilumab in combination with AZA has been shown in an
ongoing phase 2 study in patients with heavily pretreated refractory AML. Thirty-
five patients with relapsed AML (12 with secondary AML, 7 post-alloSCT) who
had received a median of three previous therapies (range, 1-8) were treated with
AZA (75 mg/m? x 7 days) and lirilumab (1 and 3 mg/kg Q4 weeks in two consecutive
cohorts of six patients each). Lirilumab 3 mg/kg was established as the recommended
phase 2-dose. Four patients (11%) achieved CR/CRi and 1 (3%) achieved
hematologic improvement (HI) for an overall response rate of 14%. Additionally
three patients (9%) had a >50% reduction in blast count. The 4-week and 8-week
mortality were 7% and 15%, respectively. With a median follow-up of 3.6 months
(range, 1.1-15.1 months), the median overall survival among all patients was
4.2 months (range, 0.4—15.1). Grade >3 AEs were similar to those expected with
AZA-based salvage therapies. Immune-related grade >3 AEs were observed in
three patients (pneumonitis in one and colitis in two); however, all responded rapidly
to steroids. Furthermore, there were no grade >3 immune-related AE observed in
seven post-alloSCT patients treated on this regimen [35].

T Cell Engaging Antibodies

A novel class of antibody-based immunotherapy in AML includes MoAb constructs
that combine the specificities and biologic functions of two antibodies by targeting
tumor-associated antigens and T-effector cells, effectively bringing T cells in prox-
imity to tumor cells resulting in enhanced T cell activation and antitumor activity
[36]. Recent data suggests that these antibodies may enhance the quantity and qual-
ity of immune responses not only through direct T cell-mediated cytotoxicity, but
also by circumventing immune evasion by targeting myeloid derived suppressor
cells, which are involved in hampering antitumor immune activity [37, 38].

Bispecific T cell engagers (BiTEs) consist of four variable domains of heavy and
light chain linked to each other by a polypeptide linker, and represent the first in
class T cell engaging MoAb. After promising preclinical data, three compounds—
anti CD3/CD33, AMG-330; anti CD123/CD3, JNJ-63709178; and anti CD3/
CD123, XmAb—entered phase 1 clinical trials in patients with relapsed refractory
AML and are currently enrolling (Table 4.1). Data on clinical efficacy and tolerability
of these agents are expected to be presented in late 2018.

To improve the stability, safety, and efficacy of BiTEs, novel compounds of T
cell engaging MoAb are in various stages of preclinical and clinical development,
such as bispecific or trispecific killer cell engagers (BiKE/TriKE) designed to target
CD16 on NK cells [39], or bivalent dual affinity re-targeting bispecific antibodies
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(DARTSs) composed of two antigen-binding specificities connected to two indepen-
dent polypeptide chains [40].

DARTs may have a slightly improved safety profile as compared to BiTEs as
recently demonstrated in clinical trial with CDI123/CD3 DART flotetuzumab
(MGDO006).

After promising preclinical data [41], flotetuzumab was evaluated in a first-in-
human trial in patients with relapsed/refractory AML or intermediate-2/high risk
MDS. Preliminary results were recently reported from the phase 1 dose-escalation
portion of the study, involving 45 patients (89% AML). The median age of the
patients was 64 years. Overall, flotetuzumab demonstrated a manageable toxicity
profile; grade >3 drug-related AEs were observed in 44% patients, and the most
common were infusion-related reactions or cytokine release syndrome (CRS, 76%
total, 13% grade >3). Among 14 patients treated at the established threshold dose
(500 ng/kg/day) for at least one cycle, anti-leukemic activity was documented in 8
of 17 (57%) patients (including 3 CR). This study is currently enrolling patients in
the expansion cohort at the 500 ng/kg/day dose in the USA and Europe [42].
Additional data from this study confirmed that stepwise lead-in dose strategies
during the first week of flotetuzumab administration, in conjunction with early
intervention with tocilizumab, could decrease the severity of CRS by mean 0.54
grade. Preliminary data also showed a positive correlation between baseline circu-
lating T cell number and maximum early CRS grade [43]. The investigators showed
that primary AML samples with higher levels of PD-L1 on malignant blasts were
less susceptible to flotetuzumab-mediated killing in vitro. Furthermore, patients that
progressed early on flotetuzumab treatment had higher baseline levels of PD-L1 on
AML cells. Synergistic cytotoxicity was observed after treatment of AML cell lines
with flotetuzumab and anti-PD-1 inhibitor in vitro [44].

Adoptive T Cell Therapy

Adoptive cell therapy (ACT) is a highly personalized therapy that involves transfer
of ex-vivo expanded cytotoxic T-lymphocytes into tumor-bearing patients. These
tumor-reactive T cells genetically engineered to express the binding site of specific
antibodies (chimeric antigen receptor, CAR-T) are capable of targeted tumor killing
[45]. CARs are made of antigen binding element consisting of the extracellular
single-chain immunoglobulin variable fragments (scFvs), a trans-membrane short
peptide linker, and an intracellular T cell signaling domain, usually CD3-( of the
TCR receptor, and various co-stimulator molecules, such as CD28, OX40, or 4-1BB
(second- and third-generation CARs); or additional cytokines (IL-2, IL-15, IL-12,
IL-21; in the fourth-generation constructs) [46].

Clinical trials with CAR-T in patients with AML are in the early phases of devel-
opment. The first clinical trial to show the safety and feasibility of CAR-T in
relapsed AML patients evaluated an anti-LeY CAR-T. Among five patients treated
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on this trial, two achieved stable disease, with a maximal duration of 23 months in
one of the patients. More importantly, no grade >3 AE or CRS was reported [47].

Recently, another CAR-T compound directed against CD123 demonstrated
safety and promising clinical activity in patients with relapsed/refractory AML and
BPDCN. Six patients who had relapsed/refractory AML following alloSCT with a
median of four prior lines of therapy, received 1-2 doses of CDI123 CAR-T cells,
and two of them achieved CR with successful bridge to second alloSCT. Additional
two patients achieved blasts reduction not classified as CR. All toxicities were
reversible and manageable with only one grade 3 AE (rash), and no treatment limit-
ing AE [48].

A recent innovative and exciting approach in adaptive T cell therapy is the devel-
opment of CARs redirecting CD56+ NK cells towards specific antigens on AML
blasts (CD33, CD23, CD7, etc.). NK cells are an attractive cell population due to
their natural killer ability of attacking malignant cells without prior antigen presen-
tation, which would allow them to be used from allogeneic donors (CAR-NK cells)
[49]. Another method of deriving NK cells is by cultivating them from peripheral
blood mononuclear cells in the presence of cytokines (cytokine-induced killers,
CIK) [50].

Recently, Zhang et al. reported a single center experience using CIK and NK
cells in patients with low- and intermediate-risk AML over a period of 11 years. One
hundred and fifty-two patients were treated with combined chemotherapy
(fludarabine, cyclophosphamide, and cytarabine) and immunotherapy (53 with CIK
and 67 with alternating CIK and NK cells). Overall survival and disease-free
survival at 80 months were up to 92% and 72%, respectively. Survival rates were
superior in patients treated with CIK alternating with NK to those treated with the
CIK alone (OS 95.5% vs. 71.4%, p < 0.001), (DFS 85% vs. 63.5%, p = 0.001). Side
effects were mild with some fever, chills, and fatigue [51].

Checkpoint Inhibitors

Harnessing the immune system to target cancer by using checkpoint inhibitors has
been a major breakthrough in cancer research in solid tumors and Hodgkin’s
lymphoma. Checkpoint inhibitors, including cytotoxic T-lymphocyte-associated-
protein 4 (CTLA4) and programmed cell-death protein (PD-1), are antibodies that
block inhibitory signals on T cells resulting in the release of “brakes” on anticancer
cytotoxic T cells. Immune checkpoints play a central role in the regulation of
immune homeostasis and self-tolerance, and represent an important mechanism for
tumor cells to escape immune surveillance [52].

Overexpression of PD-1 and CTLA4 on AML blasts was shown to be clearly
associated with a more aggressive leukemia, likely due to a suboptimal antitumor T
cell response [53, 54]. Blockade of CTLA4 and PD-1/PD-L1 pathways enhanced
the anti-leukemia responses and increased survival in murine models [55, 56]. We
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and others have recently shown that patients with AML have a significantly higher
frequency of PD1+ T cells, including PD1+ CD8+, PD1+ T-effector, and PD1+
Tregs in their bone marrows (n = 107) compared to healthy donors (n = 8). The
frequency of Tregs increased progressively from healthy donors to newly diagnosed
AML to relapsed AML (1.6% vs. 2.8%, p < 0.01, vs. 4.5% p < 0.01). Furthermore,
an increased Treg infiltration correlated with higher proportion of CD8* T cells
expressing PD-1, as well as a significantly higher PD-L1/L2 expressing AML blasts
[57]. These findings point towards the exhausted T cell immunity in patients with
AML suggesting a role for checkpoint inhibitor based therapies.

Recent clinical trials have demonstrated encouraging response rates and dura-
ble responses in patients with relapsed AML treated with PD-1/PD-L1 inhibitors
nivolumab (Opdivo, BMS-936558)(Bristol-Myers Squibb, USA) or pembroli-
zumab (Keytruda, MK-3475/former lambrolizumab, Merck, USA) and CTLA4
inhibitor ipilimumab (Yervoy, BMS-734016) based therapies, either as a mono-
therapy or in combinations with other agents in patients with AML and
MDS. Monotherapy with checkpoint inhibitors has shown only limited responses
in patients with AML. Rational combinations with other standard anti-leukemic
agents are needed to improve the response rates, and the durability of responses.
HMAs (AZA and DAC), epigenetic drugs approved by FDA for the treatment of
MDS, have been shown to upregulate inhibitory immune checkpoint proteins
such as PD-1, PD-L1, and PD-L2, thereby potentially sensitizing T cells to PD-1/
PD-L1 blocking antibodies. The effect of HMAs (AZA and DAC) on the immune
system is diverse as these agents possess both immune-stimulatory as well as
immune-suppressive properties. HMAs are capable of enhancing the immune
response by augmenting antigenicity (upregulating tumor cell antigen expres-
sion, antigen presentation with MHC-I), overexpression of co-stimulatory mole-
cules (including PD-1, PD-L1, and PD-L2), and inducing T cell priming and
effector function [58]. Conversely, PD-1 upregulation may be involved in resis-
tance to AZA, which might be potentially overcome by concomitant inhibition
with the PD-1/PD-L1 axis [59].

The most impressive results from single agent immune checkpoint therapy in
leukemia were with CTLA4 inhibitor ipilimumab in patients with relapsed AML in
the post-alloSCT setting. The original report included CR/CRi in 5 of 14 patients
with post-SCT relapsed/refractory AML/MDS (median of 3 prior salvage) with ipi-
limumab at 10 mg/kg [60]. This was recently updated with a median follow-up of
15 months. In this report, among the five responding AML/MDS patients in the
original ipilimumab 10 mg/kg cohort, ongoing responses have been seen in two of
the three responding patients with leukemia cutis and one responding patient with
marrow AML for a duration of 30, 32, and 34 months, respectively. Response data
were not presented on the ongoing expansion cohort with single agent ipi 5 mg/kg
(6 AML and 1 MDS patients), or single agent nivolumab at dose 0.5-1 mg/kg cohort
(4 AML, 1 MDS patients). Reported toxicity data included some serious grade >4
immune-related AE, including fatal myocarditis (1), pneumonitis (1) and sepsis (2),
and grade 4 fever (1) and grade 4 AIHA (1). Additionally, due to the toxicity
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observed at 1 mg/kg nivolumab, only the 0.5 mg/kg cohort is currently ongoing
without any significant toxicities observed thus far (n = 2) [61].

The single agent activity of ipilimumab (3 mg/kg) was also shown in patients
with refractory MDS post-HMA failure wherein single agent ipilimumab produced
an overall response in 22% of the patients (2/9) with acceptable toxicity (Grade >3
AE in 33% of patients). In the same study, single agent nivolumab (3 mg/kg) showed
no activity in 15 patients in the refractory setting.

The best results of this study with the highest response rate were observed on the
third, combinational arm of nivolumab (3 mg/kg) with AZA (75 mg/m? x 5 days),
where these two agents led to response rates of 80% in the frontline high risk MDS
(9/11; 2 CR, 5 mCR and HI and 2 HI) with acceptable 27% of grade >3 AE [62].

Daver et al. recently reported encouraging results of AZA (75 mg/m? days
1-7) with nivolumab (3 mg/kg every 2 weeks)/ipilimumab (3 mg/kg monthly) or
their combination in patients with AML. Cohort 1 evaluating AZA and nivolumab
in relapsed/refractory AML was completed after accrual of 70 patients. Two sub-
sequent cohorts are now enrolling: AZA with nivolumab in frontline AML
>65 years and not suitable for induction therapy (cohort 2), and AZA with
nivolumab and ipilimumab in relapsed/refractory AML (first and second salvage)
(cohort 3). Results from cohort 1 on 70 patients with relapsed/refractory AML
(34% with poor risk cytogenetics) and a median age of 70 years (range, 22-90)
showed overall CR/CRIi rate of 22% (4 CR, 11 CRi), 10% hematologic improve-
ment, and 24% with >50% BM blast reduction. Patients with diploid cytogenetics,
and those without prior HMA therapy or with ASXL1 mutations had higher response
rate. The 8-week mortality was 7%. The median OS among the CR/CRi patients
was 15.3 months (range, 2.29-17.25+), which compares favorably to historical
median OS with AZA-based salvage protocols from the same institution (p = 0.004).
Grade 3/4 immune-related AEs were observed in eight (12%) patients, and mostly
included pneumonitis, colitis, nephritis, and skin rash. The median time to onset of
immune-related AEs was 6 weeks (range, 4 days to 14 weeks). Preliminary results
from currently enrolling cohort 2 evaluating AZA and nivolumab in patients with
frontline AML >65 years of age (n = 9) showed 5 CR/CRp (including 2 CR), and 1
partial remission. Patients achieving CR/CRi had higher pretherapy total CD3+ and
CDS8* T cells in the BM, as well as progressive increase in BM CD8" and CD4*
infiltrate during therapy [63].

Feasibility of combination of nivolumab and high dose chemotherapy in AML
patients was shown by Ravandi et al. Thirty-two patients with newly diagnosed
AML (n = 30) or high risk MDS (>10% blasts, n = 2) were treated with idarubicin
(12 mg/m?* x 3 days) and cytarabine (1.5 g/m? over 24 h x 4 days) followed by
nivolumab 3 mg/kg started on day 24 + 2 days for up to 2 years. Overall response
rate (CR/CRi) was 23 (72%). Early 8-weeks mortality was 6%, and 16% experi-
enced grade >3 AE. Median overall survival has not been reached (median follow-
up of 8.3 months). Similar to previous observations, there was a positive correlation
between achievement of CR/CRi and a higher frequency of pretherapy CD3* total T
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cell infiltrate, and between non-response and a higher frequency of pretherapy
CD4+ PD1+/TIM3+ T-effector cells [64].

Encouraging results were presented in a phase 2, multicenter study evaluating a
combination of pembrolizumab (200 mg) and high dose cytarabine (1.5-2 g/
m? x 5 days) in patients with relapsed/refractory AML (n = 13). The median age was
54 years and ~50% patients were either adverse risk by ELN or secondary
AML. Among the 10 evaluable patients, the overall response rate (CR/CRi) was
50% with 4 CRs. The toxicity profile has been manageable, and 2 immune-related
grade 3 AEs (elevation in hepatic enzymes, and rash) were noted. Two patients
underwent an alloSCT in CR, without any serious post-SCT AE. The 4-week and
8-week morality was 0% and 10%, respectively [65].

Discussion

Over the past decades, an improved understanding of the biology of AML has led to
breakthroughs in AML therapy especially in the field of targeted therapies. Many
such targeted therapies (FLT3 inhibitors, IDH inhibitors, BCL-2 inhibitors) have
improved outcomes in patients with AML either in combination with frontline
chemotherapy or hypomethylating agents, as salvage therapies, or in the post-
transplant setting. Monoclonal antibodies, T cell engaging agents, and immune
checkpoint inhibitors represent promising immune approaches with encouraging
clinical data for a number of these modalities. Critical step in future development of
these drugs will be identifying and implementing biomarkers enabling the selection
of patients with AML/MDS most likely to benefit from immunotherapy. Furthermore,
timing, dosing, optimal combinations, and sequencing of these therapies is an active
area of research, and will hopefully improve our ability to safely and effectively
deliver these therapies.
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Chapter 5
Skin Reactions to Immune Checkpoint
Inhibitors

Anisha B. Patel and Omar Pacha

Abstract The novelty of immune checkpoint inhibitors has only recently led to the
characterization of cutaneous adverse events (AEs). This, along with the substantial
rate of cutaneous reactions, has left many clinicians without sufficient familiarity to
diagnose and treat. Pruritus and rash are among the top five immune-related AEs
reported in clinical trials for this class of therapy. Incidence varies between 35 and
50% for cutaneous AEs among the three FDA-approved drugs. Although only 2% are
reported as grade 3 or 4 events, the quality of life impact can be significant for these
patients and is best described in ipilimumab trials. 43.5% of ipilimumab patients have
a cutaneous AE and, at our institution, 20% of them had a dose interruption as a result.
This means potentially 9% of patients having dose interruption of ipilimumab because
of their cutaneous AEs. In the following chapter, we will review the categories of
these drugs, common cutaneous effects, their grading, and management options.

Keywords Immune checkpoint inhibitors - Dermatitis - Ipilimumab - Nivolumab
Anti-PD-1 - Anti-CTLA-4 - Dermatitis - Rash - Immunotherapy - Pruritus

The novelty of immune checkpoint inhibitors has only recently led to the character-
ization of cutaneous adverse events (AEs). This, along with the substantial rate of
cutaneous reactions, has left many clinicians without sufficient familiarity to diag-
nose and treat. Pruritus and rash are among the top five immune-related AEs reported
in clinical trials for this class of therapy. Incidence varies between 35 and 50% for
cutaneous AEs among the three FDA-approved drugs. Although only 2% are reported
as grade 3 or 4 events, the quality of life impact can be significant for these patients
and is best described in ipilimumab trials. 43.5% of ipilimumab patients have a cuta-
neous AE and, at our institution, 20% of them had a dose interruption as a result. This
means potentially 9% of patients having dose interruption of ipilimumab because of
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their cutaneous AEs [1]. In the following chapter, we will review the categories of
these drugs, common cutaneous effects, their grading, and management options.

In general, cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) blockade and
the drugs that bind the programed death receptor-1 (PD-1) have similar reactions,
although PD-1 receptor inhibitors are usually better tolerated than CTLA-4 inhibi-
tors with fewer reported skin AEs (43.5% and 18%, respectively) [1]. Additionally,
it appears that the reactions both tend to be delayed, with CTLA-4’s causing a rash
after about a month of therapy and PD-1’s slightly later [1]. Programmed death-
ligand 1 (PD-L1) inhibitors and a second-generation CTLA-4 inhibitor are now
being used in clinical trials; however, large population AE data is not yet available.
Both of these drugs, however, appear to have the same milieu of cutaneous AEs as
their first-generation counterparts, possibly with lower severity overall. Interestingly,
skin toxicities have been associated with improved responses and paradoxically, if
well managed, can be an indicator of a good prognosis [2—4].

Common Cutaneous Adverse Events Seen with Immune
Checkpoint Inhibitors

This class of medication is not immune to the typical cutaneous drug reactions seen
with other classes of medications. Histologically, these reactions present a spectrum
with morbilliform drug eruptions on the mild end and Stevens Johnson’s Syndrome
(SJS)/Toxic Epidermal Necrolysis (TEN) on the severe end [5].

Morbilliform drug eruption (commonly identified as “maculopapular”) clinically
presents with erythematous macules and thin non-scaling papules coalescing into
blanchable patches and thin plaques that start on the trunk and spread peripherally to
the extremities. Histology shows a superficial perivascular infiltrate with variable vac-
uolar change, dyskeratosis, and eosinophils. Patients are usually asymptomatic and
occasionally pruritic. If painful or if there is progression to vesicles, one should con-
sider early erythema multiforme (EM) or SJS/TEN. EM presents with targetoid ery-
thematous thin papules often involving the acral and mucosal skin. The papules can
become centrally dusky and vesiculate. When the distribution is more diffuse and
mucosal surfaces are involved, but body surface area (BSA) remains below 10%, this
is SJS. When the BSA is greater than 30%, this is called TEN, which can rapidly prog-
ress. For morbilliform eruptions, topical steroids with drug continuation are often suf-
ficient. For EM, depending on the severity, oral or IV steroids can be used with drug
cessation. For SJS and TEN, drug cessation and supportive care are critical, possibly
with the addition of intravenous steroids, or intravenous immunoglobulin therapy.

Urticaria is also a common type I drug reaction that can be seen with immune
checkpoint inhibitors. Histology demonstrates minimal epidermal change with an
edematous papillary and superficial reticular dermis with an infiltrate of lymphocytes,
eosinophils, and variable neutrophils. Onset is within days and the erythematous pru-
ritic wheals can usually be controlled with oral antihistamines and drug cessation.



5 Skin Reactions to Immune Checkpoint Inhibitors 119

Cutaneous Adverse Events Shared by Anti-CTLA-4
and Anti-PD-1 Therapies

“Rash” is one of the most commonly reported cutaneous AEs, second only to pruri-
tus, and has an 11% incidence in trials for pembrolizumab and nivolumab and a
19% incidence in trials for ipilimumab. This non-specific description encompasses
a variety of inflammatory skin diseases including psoriasiform, eczematous, lichen-
oid, and morbilliform drug eruptions. Compared to anti-CTLA-4 antibodies, the
anti-PD-1 antibodies have a lower incidence of rash; however, the incidence of
severe (grade 3 and 4) cutaneous AEs is the same (2.4% and 2.6%, respectively).
Eczema, pruritus, and vitiligo are seen with both classes of immune checkpoint
inhibitors [6-12].

It is important to distinguish between the inflammatory skin reactions as they
have different treatment options for the more severe presentations. Although mild
presentations may be treated with topical steroids, diffuse presentations require sys-
temic treatments, some of which are specific to the type of inflammatory reaction
(Figs. 5.1 and 5.2).

Eczema appears as pruritic, ill-defined, edematous and erythematous papules
coalescing into plaques occasionally with vesicles in exuberant cases. As it evolves,
the plaques are rough, erythematous, and have visible excoriation. Distribution is dif-
fuse, affecting the trunk and extremities more than the face with a flexural predomi-
nance, as is typical with atopic dermatitis. Scalp and genital areas are often involved
in diffuse presentations. Plaques are very pruritic with pain in areas of microfissures
or superinfection. The histology shows prominent spongiosis and the variable pres-
ence of eosinophils [13]. Treatment consists of topical steroids, usually mid-strength
creams such as triamcinolone 0.1% to begin with and graduating to super-potent for-
mulations such as clobetasol 0.05% cream. The face, axilla, and groin are usually
treated with mild and low potency steroids such as hydrocortisone 2.5% or desonide
0.05% creams. Patients can be effectively controlled with a regimen of topical steroids
involving twice daily application for flares and twice weekly application for mainte-
nance. Supplementation with first-generation oral antihistamines such as diphenhydr-
amine or hydroxyzine is a mainstay. In the author’s experience, the addition of

Fig. 5.1 Eczema—
erythematous papules
coalescing into plaques
that are rough and have
minimal scale




120 A. B. Patel and O. Pacha

Fig.5.2 Eczemaspongiotic
dermatitis with dermal
eosinophils

second-generation nonsedating antihistamines such as cetirizine or loratadine in the
morning is also beneficial. In patients with grade 3 AEs, involving >30% of BSA, and
refractory to topical therapies, the addition of oral steroids such as prednisone at 1 mg/
kg is usually effective and can be slowly tapered. The slow taper is often effectively
weaned with topical steroid maintenance.

Preliminary literature does not show a change in treatment efficacy with the use
of oral steroids, making this the first choice systemic therapy in patients who are
resistant to topical steroids [14, 15].

As the rash duration for severe grade cutaneous AEs can be prolonged, lasting
months after therapy cessation, steroid-alternatives are needed. Biological therapy
for atopic dermatitis targeting interleukin-4 receptor alpha subunit (IL-4Ra) is a
potential treatment option for severe refractory eczema in patients requiring con-
tinuing therapy with immune checkpoint inhibitors.

For pruritus without rash, clinical presentation is variable. Most often patients
have normal-appearing skin, although they can have skin changes secondary to
manipulation masquerading as a primary rash. Geometric erosions and ulcerations,
prurigo nodules, and linear erosions are secondary to the pruritus. Prurigo nodules
are ill-defined, discrete, erythematous, hyperpigmented acanthotic papules often
with central erosion. Histology shows fibrosis and vertically oriented blood vessels
in the superficial dermis with an overlying acanthotic epidermis. The first step in
management is to eliminate a primary inflammatory condition. For primary pruri-
tus, a stepwise approach depending on severity is best. For mild cases, a first-
generation antihistamine is oftentimes sufficient with the added benefit of sedation
that can help patients sleep when pruritus is usually most severe—right before bed.
As intensity increases, the addition of tricyclic antidepressant doxepin nightly and
GABA agonists like gabapentin at increasing doses have been effectively used
(Figs. 5.3 and 5.4).

Vitiligo presents as depigmented well-demarcated macules coalescing into patches,
occasionally preceded by erythema and pruritus, exclusively reported in melanoma
patients. Incidence is about 2% for anti-CTLA-4 and anti-PD-1 therapies [3]. Histology
shows loss of melanocytes at the dermal—epidermal junction. Patients are usually
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Fig. 5.3 Vitiligo-
depigmented patches of
head and neck

Fig. 5.4 Vitiligo-MART1 immunostain in lesional skin (L) showing decreased melanocytes at the
dermal—epidermal junction compared to MART1 immunostain of non-lesional (NL) skin

asymptomatic, but can have occasional preceding pruritus. Treatment for vitiligo
includes a combination of topical steroids and ultraviolet (UV) light therapy; however,
in melanoma patients with this drug-induced side effect, treatment is not usually
undertaken because of the risk of further skin cancers with increased UV exposure.

Common Cutaneous Adverse Events for Anti-CTLA-4

The most commonly reported adverse events in patients receiving ipilimumab are
“rash” from one quarter to more than one half of patients and pruritus from a quarter
to one third [16]. The type of rash varied from mild eczema to toxic epidermal
necrolysis [17] with the majority experiencing a more traditional morbilliform drug
eruption or an eczematous atopic dermatitis-like eruption [16]. The onset of rash has
been reported to appear at about 3 weeks and then usually resolves at about 2.5 months
[16]. Although in our institutional review, complete resolution was usually not
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obtained for most patients until drug cessation (unpublished data Patel). The most
common CAESs seen with this class of medication are discussed above. Less frequent
eruptions include acneiform eruption [12] and granulomatous dermatitis [18].

Its mechanism of action through the activation of T cells by the prevention of T
cell blockade leads to an upregulation of the body’s immune system and therefore
its antitumor activity as described elsewhere in this text. It appears that the cutane-
ous AE is independent of dosing with those on 10 mg/kg developing similar CAEs
as those on 3 mg/kg. Fortunately, high grade rash as defined by the common termi-
nology criteria as grade 3 or higher was substantially lower at 2.4% [19].

CAE in Anti-PD-1

In addition to the shared inflammatory skin reactions discussed earlier, psoriasis
[20, 21] and bullous pemphigoid have been induced by anti-PD-1 antibodies [22,
23]. More recently, eruptive keratoacanthomas have been reported in patients
receiving anti-PD-1 therapy [24] (Figs. 5.5 and 5.6).

Psoriasiform dermatitis can appear clinically as classic psoriasis vulgaris with
well-demarcated erythematous slightly indurated plaques with adherent fine scale
and areas of sparing in a focal to diffuse distribution. It is often worse on extremities
than trunk and has a predilection for the scalp. It can also present in inverse distribu-
tion with prominence in intertriginous areas [21], or in the pustular variant (Patel
unpub). It can be pruritic or painful, induce microfissures, and contribute to edema
of extremities. Histology shows a spongiotic psoriasiform dermatitis with subcor-
neal pustules with variable eosinophils. The authors have found psoriasis to be more

Fig. 5.5 Psoriasiform
dermatitis—erythematous
well-demarcated plaques
with fine adherent scale
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Fig. 5.6 Spongiotic psoriasiform dermatitis with subcorneal pustules, irregular acanthosis, and
numerous eosinophils

resistant to treatment than eczema, making distinguishing between the two a prog-
nostic indicator of rash outcome. Treatment should start with topical steroids with
antihistamines, if indicated. Escalation of treatment includes oral acitretin, oral
apremilast, ultraviolet-B (UV-B) therapy, or oral steroids. Biological medications
such as interleukin-17 (IL-17) inhibitors are a potential therapy for refractory cases
and have been used anecdotally with success.

Bullous pemphigoid is an antibody-mediated bullous disorder presenting with tense
bullae. The bullae vary in size, are filled with serous fluid, and are extremely pruritic.
Histology shows a subepidermal vesicular dermatitis with prominent eosinophils in the
superficial dermis and within the bullae. The dermal-epidermal split is cleaved and the
epidermal roof is intact. Dyskeratosis is not a feature. Direct immunofluorescence high-
lights IgG deposition at the dermal—epidermal junction. Topical and oral steroids as well
as rituximab have been used successfully in this slow-to-appear cutaneous AE [25].

Eruptive keratoacanthoma appears to be relatively well demarcated and a low
grade of squamous cell carcinoma. They were treated conservatively in this report
without treatment interruption for the patients [24].

Grading

Grading has nearly been universally based upon the Common Terminology Criteria
for Adverse Events and more recently a modified version produced by the American
Society of Clinical Oncology as their “Practice Guideline” that focuses on symp-
toms and quality of life rather than extent of involvement. This appears to be a more
useful measure as relatively small body surface area involvement can still be dose
limiting (Table 5.1 and Fig. 5.7).



124

Table 5.1 Common terminology criteria for adverse events [26]
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Grade 1 2 3 4 5
Rash Macular or papular | Macular or papular | Macules/ Generalized | Death
eruption covering | eruption covering | papules exfoliative,
<10% BSA with or | 10-30% BSA with | covering ulcerative,
without symptoms | or without >30% BSA | or bullous
(e.g., pruritus, symptoms (e.g., with or dermatitis
burning, tightness) | pruritus, burning, | without
tightness) and associated
limiting of symptoms
instrumental ADL | and limiting
of self-care
ADL
Alopecia Hair loss of up to | Hair loss of >50%
50% of normal for | of normal for that
that individual that | individual that is
is not obvious from | readily apparent to
a distance but only | others; a wig or
on close inspection; | hairpiece is
a different hairstyle | necessary if the
may be required to | patient desires to
cover the hair loss | completely
but it does not camouflage the hair
require a wig or loss or if loss is
hairpiece to associated with
camouflage psychosocial impact
Hypopigmentation | Hypopigmentation | Hypopigmentation
or depigmentation | or depigmentation
covering <10% covering >10%
BSA, with no BSA or with
psychosocial associated
impact psychosocial
impact
Pruritus Mild or localized, | Intense or Intense or
relieved widespread, widespread,
spontaneously or | relieved and poorly
by local measures | spontaneously or | controlled
by systemic despite
measures treatment

CAE as Prognostic Indicators

Vitiligo is a relatively innocuous adverse event as it is largely asymptomatic and
untreated. It is, however, associated with increased progression free survival and
tumor response when occurring in patients on immune checkpoint inhibitors.
Vitiligo is widely believed to be an underreported side effect as it can be easily
missed if a full body skin exam is not performed. Vitiligo has only been reported in
patients being treated with melanoma [2, 3, 28, 29]. Incidence of rash was also

associated with increased survival and tumor response [2].
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1.0 Skin Toxicities

1.1 Rash/inflammatory dnrmuﬂli

[:lehrut.un Eryth fa i ion in the skinand ssually tri inf such simplex viruses, butcan
Hated drug erupti prog o eryth i major, itand canbaahadingerofSCAR. su.'.h as 5J5), kchencid
1resemung thi Flar-loppod , and i scaly of ic lesions of lichen-planus), i by
pruritic, erythematous, scaly, or crusted papules or plagques on the skin, wh»ch is L] i i asi Il
erythematous, and scaly papules and plagues of p: il las-ik rash of iha kin oft ferrad
to as "maculopapular” and without systemic symp o( i Judi i fed peri|
[hand-foat  Fedness, burmng itching, and superficial desquamation of the palms and soles), nwmopn.nc, dermatoses

leg. Sweet syndromel, and others)
Diagnestic wark-up
Pertinent history and physical examination
Rule out any ather etiology of the skin problam, such as an infaction, an effact of another drug, or a skin condition linked to another systemic disease or unrelated
primary skin disorder
If needed. a biologic checkup, including a blood cell count and liver and kidney tests

Directed serologic studies if an autoimmune condition is suspected, such as Iq)usur i antibody test, S5-AlAnt-Ro, SS-B/
Anti-La if “Dmmmmlmlm Consider axpanding seralogic
studies or diagnostic work-up if other i itions are i based on signs, symptoms

Skin biopsy

Consider clinical maonitoring with use of seral clinical photography
Review full list of patient medications to rule out other drug-induced causa for photosensitivity

Grading Management

Grading according to CTCAE is a challenge for skin. Instead,
severity may be based on BSA, tolerability, morbidity,

and duration.
G1: Symptoms do net affect the quality of life or controlled with Continue ICPi
topical regimen andjor oral antipruritic Treat with topical emallients andfor mild-moderate potency topical corticostarcids
Counsel patients to avoid skin irritants and sun exposune
G2: Inflammatory reaction that affects quality of life and Consider holding ICPi and manitor weekly for improvement. If not resolved, interrupt
requires intervention based on diagnosis treatment until skin AE has reverted to grade 1
Consider initiating prednisone for equivalent) at dosing 1 mg/kg, tapering over at
least 4 weeks
In addition, reat with topical ients, oral antihi to high-
potency topical corticosteroids
G3: As G2 but with failure to respond to indicated interventions Hold ICPi therapy and consult with gy to i i of
for a G 2 dermatitis resuming
Treat with topecal emaollients, oral antihistamines, and high-potency tepical
corticostarcids
Initiate imethyliprednisolone lor equivalent) 1-2 mg/kg, tapenng over at least 4
wieeks
Gd: All severe rashes with prior i i Immexdiately hold ICPi and consult 0 ine apg of
and intolerable ing ICPi therapy ion of skin toxicity and #
reduced to pradrusm [uaquwalanll = 1ﬂmg
Systemic corti for equ dosed at
1-2 mglkg with slowmomng when the toxicity resolves
Menitor closely for progression 1o severe cutaneous adverse reaction
Should admit patient immediately with direct oncology involvernent and with an
urgent consult by dermatology
Consider alernative antineoplastic therapy over resuming ICPis if the skin irAE
does not resolve to G1 o less; if ICPIs are the patient’s only option, consider
restarting once these adverse effects have resolved to a G1 level
1.2 Bullous dermatoses
Definition: Including bullous igoid or other i bullous bullous drug reaction
Diagnestic work-up

Physical examination

FRule out any other etiology of the skin problem, such as an infection, an effect of another drug, or a skin condition linked to another systemic disease

If needed, a biclogic checkup, including a blood cell count, liver, and kidney tests; consider serum antibody tests to rube out bullous pemphigeid or, under the
guidance of dermatology, sending patient serum for indirect immunofluorescent testing to rule out other autoimmune blistering diseases

Refarral for blisters that are not i by i transient other causas (eg, herpes simplex, harpes zoster, bullous impetigo, bullous insect
bite, friction or pressure blister)
Consider skin biopsy {both hematoxylin and eosin evaluation of lesional skin and direct i duation of perilesi skin)

Fig. 5.7 Management of skin irAEs in patients treated with ICPIs [27]
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Grading

Management

G1: Asymptomatic, blisters covenng < 10% BSA and no
associated erythema

G2: Blistering that affects quality of kfe and requires
intervention based on diagnosis not meeting criteria for
grade = 2
Blsters covering 10%-30% BSA

G3: Skin sloughing covering > 30% BSA with associated pain
and limiting seH-care ADL

Gd: Blisters covering = 30% BSA with associated fluid or
electrolyte abnormalities

Fig. 5.7 (continued)

If blisters are < 10% BSA, f {such as the case
with friction blisters or pressure I:l-smlsl, cesumollCPi-smnocessarv and
anly obsenation andfor local wound care is warranted.

When symptomatic bullae or erosions, which are deroofed vesicles or bullae, are
observed on the skin or mucosal surfaces, the cutaneous IrAE is by definition
considered at least G2

See G2 management recommendations.

Hold ICPi therapy and consult with dermatology for work-up and to determine

appropriateness of resuming
Attention given to general local wound care, which includes plain petrolatum
cintrment and bandages of plain petrolatum ointrment gauze and bandage over any
open erosions, which are left over on the skin after the blister has popped or i the
roof of the blister easily sloughs off
Counsel patients to avoid skin imitants and overexposure to sun, wear protective
clothing, use sunscreens
Work-up for autsimmune bullous disease as above
Initiate class 1 higl topical ieg,
of equlvalanl) and reassess avery 3 days for p'ograsslon or improvement

10 initiate with for a1 0.5-1 mglkg
aos-\gu\dtaperwatlewdweeks
Monitor patients with G2 irAEs dosely for progression to involvernent of greater
BSA andlor mucous membrane involvement, Consider following patients closely
using serial onmwanlw

Primer on i adverse drug reactions:
* Review of systems: Skln pain flike a sunbum] fevers, malaise, myalgias,
pain, ocular or SOres of

discomfort in the nares, seres or tin the orop id,
hoarseness, dysuria, sores or discomfort in the vaginal alaa for women or
invobving the meatus of the penis for men, sores in the perianal area, or pain with
bowel movements

* Physical examination: Include vital signs and a full skin examination specifically
evaluating all skin surfaces and mucous leyes, nares, oropt
genitals, and perianal area). Assess for lymphadencpathy, facial or distal
extremity swelling (may be signs of DIHS/DRESS). Assess for pustules or bksters
of efosions in addition to areas of “dusky erythema,” which may feel painful to
palpation. To assess for a pesitive Nikolsky sign, place a gloved finger tangentially
over erythematous skin and apply friction palallel to the skin surface. Nikolsky
Sign is positive if this results in q
poor attachment of the epidermis to the dermls which is. the case in some
autcimmune disorders {ag. pemphigus) and S.IS.'TEN

Hold ICPi therapy and consult with o i of
resuming

IV (meth [ ivalent] 1-2 mglkg, tapeding over at least
4 weeks

If bullous pemphigoid is diagnosed, it may be possible to avoid long-term use of
s\.sm.c omnosmﬂs and treat with ritwamab, as an alternative approach 1o

if patient might have secondary cellulitis or if
patient has other infection risk factors, such as neutropenia, etc.

Permanently discontinue ICFY
Adrmit palmr immediately and place under supervision of a dermatologist

for 1-2 mgfkg with tapering over at

least 4 weel:s when the toxicity resolves
If bullous pemphigoid is diagnosed, it may be possible to avoid long-term use of
systemic corticosteroids and treat with rituximab as an altemative approach to
treating the irAE
Seek infectious disease consultation if patient might have secondary cellulitis or if
patient has ather infection risk factors, such as neutropenia, etc
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1.3 SCARs, including SJS, TEN, acute and |
Deefinition: Severe changes in either structure or functions of skin, the appendages or the mucous membranes due to a drug
Diagnostic work-up

Total body skin examination with attention 1o ining all mucous as wall as review of systems

Rule out any other etiology of the skin problem, such as an infection, an effect of mmdrug.nra skin condition linked to another systemic disease

A béologic checkup, including a CBC with differential test, and liver and kidney function tests, i g is, in addition to the blood work; if the patient is febrile,

blood cultures should be considered as well
Skin biopsies to assess for fullthickness epidermal necrosis, as is seen in SJS/TEN, as well as other possible eticlogies like ' igus or ather

autoimmune blistering dermatoses or other drug reactions, such as acute
Consider following panems closely using senal clinical pl'mngrupfw

If mucous or blistering is ob: d on the shn «consider early admission to a burn center for further menitoring and management
Primer on itoring for L adverse drug
Review of systems: Skin pain (like 8 sunbum), fevers, malaise, myalgias, anhralgs pain, ocular di feet or ph bia, sores or di foetin the.
nares, sores of inthe dvsuna sores or discomfort in the vaginal area for women or involving the meatus of

the penis for men, sores in the perianal area, or pain with bowel movements

Physical examination: Include vital signs and a full skin examination specifically evaluating all skin surfaces and mucou leyes, nares,
genitals, and perianal area). Assess for facial or distal y swalling imay be signs of DlH&fDﬁESSl Assess for pustules nrhhsmrsor
erosamn addition to areas of “dusky erythema,” which may fee! painful 1o palpmn To assess for a positive Ni:usww place a gloved finger tangentially
skin and apply fri llel to the skin surface. Nikolsky sign is positive if this resuits in detach
pw attachment of the epidermis 1o the dermis, which is the case in some leg, i and SISTEN
All grades In cases of suspected 5J5 or any mucous inue ICP
treatment and monitor closely for improvement, regardiess of grade
G1: NA For SCARs, there is no G1 category; if lower BSA is involved with bullze or arosions,
there shoukd remain a high concern that this reaction will progress 1o G3 or G4
G2: (" ) covaring 10%- Hold ICPi and manitor patients closely every 3 days with G2 irAEs for progression to
30% BSA with systemic symploms, ymphadenogathy, imvahvernent of greater BSA andfor mucous membrane invohement
or facial swelling Consider following patients closely using serial photography

Initiate therapy with topical emelients, cral antihistamines, and medium- 1o high-
strength topical corticostercids.
Consider intiation of prednisone for equivalent) 0.5-1 mgfkg tapered over at least
4 weeks.
G3: Skin yoognmg covening < 10% BSA with mucosal Hold ICPi therapy and consult with dermatclogy
signs leg, e purpura, Treat skin with topical and other v i oral
., MUCouUs anthistamines, and high-strength topical corticosterceds; dimethicone may also be
detachment) uffwaci as an alternative to petrolatum
n for 0.5-1 mgfkg and convert to oral
corticosteroids on response, wean over at least 4 weeks
Admit to bum andfor consult wound services with attantion to supportive cara,
inctuding fluid and balance, walter losses, and
preventing infection
Given the immune mechanism of action of these medicines, use of immune
suppression is warranted and should be offered
For mucous maembrane involvernent of SJS or TEN, appropriate consulting services
should be offered to guste management in preventing sequelas from mmng
{eg. ophthalmology; ear, nose, and throat; urolog, logy:. etc. as
G4: Skin emhema and blistering/sloughing covering = 10% Permanently discontinue ICPi
h associated m {eg, erythema, purpura, Admit patient immediately to a burn unit or ICU with consulted dermatclogy and
wound care senices
andfor systemic Consider further based on of mucosal surfaces
uoodmrksbmmmm!w lwlumonmelewm leg. urclogy: ear, nose, and throat surgery; etc)
in the setting of DRESS/DIHS) Initiate IV (methyllprednisclone (or equivalent] 1-2 ma/kg, tapering when toxicity
resolves to normal
IVIG or cy ine may also be " in SEVENs of CoMicostennid-
unresponsive cases.
Consider ion and/or ission in patients ing with
DRESS manifestations
The usual ibition of z ids for SJS is not relevant here, as the a Tcell i i towicity.
G isr sary with or other agents and may be prolonged in cases of DREserIHs
Al ions are expert based, with benefits cutweighing harms, and strangth of recommendations are moderate

Abbreviations: ADL, activities of daily lving, BSA, bod\r surface area; CTCAE, Common Terminclogy Criteria for Adverse Events; DIHS, drug-nduced hypersensitivity
syndrome; DRESS, drug reaction with 1 G. grade; ICPi, inhibitar; ICU, intensive care unit; ikAE, immune-related
adverse event; IV, i : IVIG. i L lobadin: NA, not SCAR, severe adverse reactions: 5.5, Stevens-Johnscn syndrome;
TENS, toxic epidermal necrolysis.

Fig. 5.7 (continued)
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Chapter 6
Immune-Related Adverse Events:
Pneumonitis

Akash Jain, Vickie R. Shannon, and Ajay Sheshadri

Abstract Checkpoint inhibitors are part of the family of immunotherapies and are
increasingly being used in a wide variety of cancers. Immune-related adverse events
pose a major challenge in the treatment of cancer patients. Pneumonitis is a rare
immune-related adverse event that presents in distinct patterns. The goal of this
chapter is to instruct readers on the incidence and clinical manifestations of
pneumonitis and to offer guidance in the evaluation and treatment of patients with
pneumonitis.

Keywords Checkpoint inhibitors - Immune-related adverse event - Pneumonitis -
Thoracic imaging - Organizing pneumonia - Nonspecific interstitial pneumonia -
Hypersensitivity pneumonitis - Diffuse alveolar damage

Introduction

The prevalence of cancer is rising in parallel with increasing life expectancy [1].
Recurrent and refractory cancers pose major therapeutic challenges for clinicians,
and new strategies are necessary to counter the evolving landscape of cancer [2].
Immunotherapy is one such strategy where the immune system can be weaponized
against cancers to induce a potentially durable reduction in tumor burden [3-5].
Common targets of immunotherapy agents include the programmed cell death
protein 1 (PD-1) pathway and the cytotoxic T-lymphocyte associated protein-4
pathways (CTLA-4), which we discuss in detail below [6]. Tumor cells can suppress
the natural anti-tumor activity of T-cells through several mechanisms, including
expression of PD-L1 (a ligand for PD-1) and CTLA-4 [7]. Inhibitors of the PD-1
and CTLA-4 pathways boost anti-tumor immune responses by preventing
homeostatic downregulation of T-lymphocyte activity that normally occurs during
chronic infection to prevent excessive tissue injury [8, 9]. However, a reinvigorated
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immune system may lead to disturbances in normal immune self-tolerance and, as
a result, may induce off-target immune-related adverse events (irAEs) which may
affect numerous organs. In this chapter, we focus on pulmonary irAEs that occur
after immunotherapeutic agents.

Inhibition of T-Lymphocyte Function by the PD-1
and CTLA-4 Pathways

PD-1 is a monomeric transmembrane protein in the immunoglobulin superfamily
that is found on the surface of macrophages and T- and B-lymphocytes [10—-12].
PD-1 is primarily expressed in mature T-cells and appears within 24 h of T-cell
activation as a mechanism to regulate T-cell activity to prevent injury to healthy
tissue [13]. PD-1 binds primarily to two ligands, PD-L1 and PD-L2. PD-L1 is
broadly expressed by hematopoietic cell lineages and various epithelial and
endothelial cells, while PD-L2 is expressed primarily by dendritic cells and
B-lymphocytes [10]. Several inflammatory cytokines can induce PD-L1 expression
on the surface of lymphocytes and on non-immune cells [11]. The interaction of
PD-1 with its ligands causes the recruitment of phosphatase Src homology protein
2 (SHP2), which leads to subsequent inactivation of the PI3K/AKT signaling [14,
15]. In T-lymphocytes, activation of the PD-1 pathway blocks proliferation, impairs
inflammation and decreases survival [16]. Binding of PD-1 to PD-L2 decreases
T-lymphocyte cytokine production, but does not inhibit proliferation [17].
Furthermore, activation of the PD-1 pathway induces the differentiation of naive
T-lymphocytes into T-regulatory lymphocytes, which induce immune tolerance [18,
19]. Cancer cells harness the inhibitory functions of PD-1 activation by expressing
PD-L1 and PD-L2, which limits anti-tumor immune responses [20]. PD-1 can also
be expressed on tumor-associated macrophages, which may lead to a tumor
microenvironment that is conducive to cancer progression [21].

Optimal T-lymphocyte activity requires binding of co-stimulatory molecules
such as CD28, expressed on the T-lymphocyte cell surface, to its receptors B7-1
(CD80) and B7-2 (CD86), expressed on antigen presenting cells [22, 23]. CTLA-4
is a CD28 homolog that has a higher affinity for B7 than CD28, but does not produce
a stimulatory signal. CTLA-4 has a 36-amino acid cytoplasmic tail that lacks
enzymatic activity, but also has an immunoreceptor tyrosine-based inhibitory motif
that has inhibitory functions [24, 25]. Activation of CTLA-4 induces signals that
inhibit T-lymphocyte function [23, 26-29] decrease T-lymphocyte proliferation,
and impair secretion of interleukin-2 [22, 23, 26, 27, 30]. In health, CTLA-4 is
mainly expressed by T-regulatory cells, and CTLA-4 activation is an important
mechanism to promote peripheral tolerance [31]. Loss of CTLA-4 function leads to
fatal autoimmunity in mice [32, 33]. Similarly, cancer cells express CTLA-4 on the
tumor surface, which leads to impaired T-cell function and survival [34, 35].
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Immune Checkpoint Inhibition as a Therapeutic Strategy
in Cancer

Cancer cells harness checkpoint activation through the PD-1 and CTLA-4 pathways
to induce anergy in anti-tumor lymphocytes. Inhibition of these pathways can lead
to tumor regression. In this section, we will briefly discuss the CTLA-4 inhibitor
ipilimumab, the PD-1 inhibitors nivolumab and pembrolizumab, and the PD-L1
inhibitors atezolizumab, avelumab, and durvalumab. These drugs have been
approved by the Federal Drug Administration (FDA) to treat several cancers, and
several more trials of ICPI therapy are underway.

Ipilimumab is the only CTLA-4 inhibitor approved by the FDA. Ipilimumab
binds the front B-sheet of CTLA-4 and interferes with the formation of CTLA-4:B7
complexes [36]. The Federal Drug Administration approved ipilimumab in 2011
after a pivotal studied showed improved survival in metastatic melanoma [37].
Another CTLA-4 inhibitor, tremelimumab, is in development, but not yet approved
by the FDA and is beyond the scope of this chapter.

Inhibitors of the PD-1 pathway broadly fall into two categories: inhibitors of
PD-1 function and inhibitors of PD-L1 function. Nivolumab and pembrolizumab
bind competitively to PD-1 to form PD-1:monoclonal antibody complexes [38].
However, the two drugs bind PD-1 in slightly different orientations. Nivolumab was
approved by the FDA for use in melanoma in 2014, squamous cell lung cancer and
advanced renal cell cancer in 2015, non-Hodgkin’s lymphoma and classical
Hodgkin’s lymphoma in 2016, and in combination with ipilimumab for treatment of
advanced renal cell cancer in 2018. Pembrolizumab was approved by the FDA for
use in melanoma in 2014, metastatic non-small cell lung cancer in 2015, advanced
head and neck cancers in 2016, and solid tumors with mismatch repair deficiencies
or microsatellite instability in 2017.

Avelumab, atezolizumab, and durvalumab competitively bind to PD-L1 in
slightly different orientations [39]. In 2017, avelumab was approved by the FDA for
use in urothelial cell cancer and Merkel cell carcinoma. In 2016, the FDA approved
atezolizumab for use in urothelial cell cancer and non-small cell lung cancer.
Durvalumab was approved by the FDA for use in metastatic urothelial cell cancer in
2017, non-small cell lung cancer in 2018. Several other PD-1 and PD-L1 inhibitors
are in development but beyond the scope of this chapter.

Clinical and Radiologic Patterns of Pneumonitis

In the following section, we discuss presentations of pneumonitis after immune
checkpoint inhibitor (ICI) therapy. Pneumonitis is a rare irAE after ICI therapy that
presents as an interstitial lung disease [40]. Pneumonitis after ICI therapy presents
in four patterns: organizing pneumonia (OP), nonspecific interstitial pneumonia
(NSIP), hypersensitivity pneumonitis (HP), and diffuse alveolar damage (DAD).
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For the purposes of this chapter, we will combine NSIP and HP into one category,
due to similarities in presentation and in therapeutic approaches. Table 6.1
summarizes the clinical, radiological, and pathological features associated with
each pattern of pneumonitis, and Fig. 6.1 shows characteristic images from chest
computed tomography (CT) scans. A more complete discussion of the clinical
features and pathophysiology of various ILDs is available elsewhere [41, 42].

OP: OP is a common manifestation of pneumonitis after ICI therapies [43]. OP
primarily affects distal bronchioles, respiratory bronchioles, alveolar ducts, and
alveolar walls [44]. Symptoms of OP may include low-grade fever, malaise, and
cough, and the onset of symptoms in idiopathic cases is often subacute [45-48].
Respiratory infections are often associated with the development of OP though the
mechanism remains unclear [49]. Thoracic CT imaging of patients with OP
primarily appears as ground-glass or consolidative opacities which are more
predominant in the lung periphery in sub-pleural regions [50]. The reverse halo
sign, which is characterized by ground-glass opacities surrounded by denser
consolidative opacities, can be seen in OP but is not pathognomonic [51]. The extent
of radiological involvement can vary substantially from case to case. The histology
of OP is characterized by excessive proliferation of plugs of granulation tissue
(Fig. 6.2) in distal airspaces with infiltration by lymphocytes and plasma cells [50].
These plugs consist of loose collage, fibroblasts, and myofibroblasts. Bronchoalveolar
lavage (BAL) is often performed in OP to rule out infection though a BAL
inflammatory signature is not sufficient to diagnose OP [50]. The treatment of OP
depends upon the severity of the disease. We recommend use of the Common
Terminology Criteria for Adverse Events (CTCAE, Table 6.2) to grade the severity
of pneumonitis [52]. Mild cases (Grade 1) of OP may resolve spontaneously, but
close monitoring for early signs of pulmonary impairment is imperative [53].
Patients with pneumonitis of grade 2 or higher should be treated with corticosteroid
therapy. Corticosteroids are highly efficacious in OP, and treatment doses typically
start at 0.5—1 mg/kg/day of prednisone or equivalent for 3—6 months. Interruptions
in corticosteroid treatment may result in relapse of OP [54]. Non-corticosteroid
therapies, such as cyclophosphamide, cyclosporine, rituximab, and macrolides,
have been associated with anecdotal success in small case series of steroid-refractory
patients, but are not typically used [55-58]. Infliximab has been reported to be
effective in severe pneumonitis, but this requires validation in a prospective study
[43]. In general, at least temporary cessation of ICI therapy is recommended to
allow for resolution of pneumonitis.

NSIP: NSIP is a rare ILD that is often associated with autoimmune diseases or
human immunodeficiency virus infection, and along with OP is a common manifes-
tation of pneumonitis after ICI therapy [59]. NSIP typically presents with nonspe-
cific symptoms of cough and dyspnea though the duration of symptoms may vary
from case to case. Thoracic CT imaging of NSIP typically reveals ground-glass
opacities, reticular infiltrates, and traction bronchiectasis [60—62]. Sub-pleural spar-
ing of lung infiltrates may help distinguish NSIP from idiopathic pulmonary fibrosis
[63]. The HP variant of ICI-related pneumonitis may be characterized by air trap-
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Fig. 6.1 Representative images of (a) nonspecific interstitial pneumonitis, (b) organizing pneu-
monia, and (c) diffuse alveolar damage in patients receiving precision oncology therapies

Fig. 6.2 Buds of
granulation tissue (arrows)
in the lumen of alveoli.
Reproduced with
permission from Clinical
Respiratory Medicine,
Cottin V. and Cordier J.,
2012, Elsevier Publishing
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Table 6.2 Grading of pneumonitis as outlined by the Common Terminology Criteria for Adverse
Events v5.0

Grade Grade 1 Grade 2 Grade 3 Grade 4 Grade 5
Symptoms | Asymptomatic Symptomatic, Severe Life-threatening | Death
limiting symptoms, respiratory
instrumental limiting compromise
activities of self-care
daily living activities of
daily living
Intervention | Clinical or Medical Medical Urgent medical
required diagnostic intervention intervention | intervention is
observations indicated and oxygen |indicated (e.g.,
only; intervention are indicated | tracheostomy or
not indicated intubation)
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ping on expiratory chest CT imaging [64]. However, unlike HP that occurs in the
general population, there is no clear link to pulmonary exposures such as aerosol-
ized molds [65] or toxic chemicals [66]. Histologically, NSIP is characterized by
dense fibrosis with diffuse inflammatory cell infiltration and uniform and diffuse
thickening of alveolar walls, but unlike idiopathic pulmonary fibrosis, there is no
loss of alveolar integrity [67]. Fibroblastic foci may be present, but are less common
in cases of NSIP [68]. The HP variant of pneumonitis may be characterized by
poorly formed non-caseating granulomas [64]. In general, patients who develop
NSIP after ICI therapy require corticosteroid therapy (0.5—1 mg/kg/day of predni-
sone or equivalent) for 8-12 weeks. Steroid-refractory disease is more commonly
seen in NSIP than in OP and may require further therapy with intravenous cortico-
steroids and/or cytotoxic therapies [53]. For ICI-related NSIP, interruption of ICI
therapy is generally recommended [69].

DAD: DAD is a severe form of pneumonitis caused by widespread alveolar injury
that results in severe capillary leak and non-cardiogenic pulmonary edema [69, 70].
Clinically, the presentation is similar the acute respiratory distress syndrome, char-
acterized by tachypnea, severe hypoxemia, and widespread alveolar infiltrates.
Typically, this occurs more rapidly than OP or NSIP, with the onset of symptoms
rapidly progressing in days. Though histology is difficult to obtain due to the
severity of illness, the histopathologic appearance of diffuse alveolar damage
(DAD) is characterized by the formation of thickened alveolar membranes, hyaline
membrane deposition, and infiltration with inflammatory cells (Fig. 6.3) [71, 72].
The acute phase of DAD is characterized by inflammation and edema of alveolar
structures, while the organizing phase is characterized by the deposition of collagen
by fibroblasts [73]. Thoracic CT images of DAD show widespread airspace
opacities, which may be more prominent in the dependent areas of the lung [74-76].
Other diseases may mimic drug-induced DAD and should be ruled out. Pulmonary
infections and eosinophilic pneumonias may be ruled out by analysis of BAL fluid,
while congestive heart failure should be ruled out with a thorough clinical
examination, echocardiography, and potentially right heart catheterization.
Supportive therapies, including noninvasive or invasive mechanical ventilation are
often necessary to treat respiratory failure associated with DAD. Early initiation of
high-dose systemic corticosteroids is generally recommended although data sup-
porting this practice is very limited. Mortality rates despite aggressive therapy
remain high [77].
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Fig. 6.3 Pathological findings of diffuse alveolar damage. (a) Diffuse alveolar damage in the
acute phase. The interstitium is edematous. Hyaline membrane (arrow) is seen lining the alveolar
ducts (hematoxylin and eosin stain, x100). (b) Diffuse alveolar damage in the organizing phase.
The interstitium is thickened with organizing connective tissue. Prominent type 2 pneumocyte
hyperplasia is seen (hematoxylin and eosin stain, x200) [73]

Clinical Approach to the Evaluation of ICI-Related
Pneumonitis

Because symptoms of pneumonitis may be subtle and masked by other comorbid
symptoms associated with the underlying cancers (e.g., large lung cancers or wide-
spread pulmonary metastases), we advise that clinicians that evaluate and treat
patients who are on ICI therapies have a low threshold for initiating a thorough
evaluation for pneumonitis. Symptoms such as dyspnea, cough, fever, and chest
pain should raise the suspicion for pneumonitis [78, 79]. We recommend thoracic
imaging and pulmonary function testing. Chest radiography is not sufficiently sen-
sitive to detect subtle findings of pneumonitis; therefore, symptomatic patients
should be referred for thoracic CT imaging [80]. Radiation doses associated with
thoracic CT are low with modern scanners, making serial thoracic imaging a safe
and effective method to evaluate progression or resolution of pneumonitis [81].
Pulmonary function testing should be performed at the time of evaluation, as early
impairment in pulmonary function may herald the onset of pneumonitis [82].
Furthermore, in patients with confirmed pneumonitis, pulmonary function should
be monitored serially to evaluate for progression or resolution of pneumonitis. Early
consultation with pulmonary experts is recommended, and bronchoscopy with BAL
should be performed early in the course of the evaluation of patients who are
suspected of having ICI-related pneumonitis in order to rule out alternative
diagnoses, such as infectious pneumonia. Surgical biopsies of the involved lung
parenchyma should be considered in select patients to evaluate the histopathological
features of pneumonitis. Transbronchial biopsies are generally not recommended
due to poor sensitivity for the detection of ILD [83].
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Incidence and Clinical Characteristics of Pneumonitis
After ICI Therapy

The incidence of pneumonitis varies with the specific agent. For example, pneumo-
nitis occurs in about 1% of patients treated with ipilimumab, while the incidence
with PD-1 and PD-L1 inhibitor monotherapy is 3-5%, and the incidence with com-
bination therapy with PD-1 or PD-L1 inhibitors and CTLA-4 inhibitors is as high as
10% [84-88]. In general, the median onset of pneumonitis is about 3 months [43,
89-91]. Pneumonitis after ICI therapy generally presents as OP or NSIP, but may
rarely present as DAD and can have a fulminant course. In this section, we discuss
incidence rates and specific forms of pneumonitis that occur with each FDA-
approved ICI therapy.

CTLA-4 Inhibitors

Ipilimumab is the only CTLA-4 inhibitor approved by the FDA at the time of this
writing. The incidence of pneumonitis with ipilimumab is low, with pneumonitis of
any grade occurring in 1.3% of treated patients, and high-grade (grades 3 or 4)
pneumonitis occurring in 0.3% of treated patients [92]. The median time from
treatment initiation to the onset of pneumonitis has been reported to be around
2.3 months, and the most common pattern of pneumonitis is OP [93]. While some
irAEs are more common with CTLA-4 inhibitors than PD-1 or PD-L1 inhibitors
[94, 95], pneumonitis is less common, though the mechanism for this difference is
unclear [96]. Pneumonitis occurs at about one-third the rate in patients treated with
ipilimumab for melanoma treatment as compared to those being treated for renal
cell cancer or non-small cell lung cancer [96]. One possibility for this may be the
presence of lung disease from cigarette smoking, as has been described in other
ILDs [97].

PD-1 and PD-L1 Inhibitors

In this section, we will discuss the PD-1 inhibitors nivolumab and pembrolizumab
and the PD-L1 inhibitors atezolizumab, avelumab, and durvalumab. Pneumonitis
after PD-1 inhibition occurs as much three times more frequently as compared to
conventional chemotherapy regimens across several types of cancers [98]. A recent
meta-analysis of clinical trials of nivolumab and pembrolizumab found that the
overall incidence of pneumonitis due to anti-PD-1 therapy is around 3% overall and
1.5% for high-grade pneumonitis [98]. However, the incidence in individual trials
ranged from around 0.5% in melanoma [94] to around 5% in non-small cell lung
cancer [99]. Similar to ipilimumab, the incidence of pneumonitis after PD-1
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inhibition seems to be higher in smoking-related cancers. The rate of any-grade
pneumonitis and high-grade (grade 3 or higher by CTCAE criteria) pneumonitis in
renal cell cancer (any: 4.4%, high: 1.7%) and non-small cell lung cancer (any: 4.3%,
high: 2.0%) are higher than in studies of melanoma (any: 1.4%, high: 0.9%) [98].
Similarly, in a case-control study of patients who developed pneumonitis after PD-1
inhibitor therapy, smoking status was not associated with the risk of pneumonitis,
but a history of COPD or lung radiotherapy was predictive of pneumonitis [100].
However, there does not appear to be any difference in the incidence of pneumonitis
by PD-1 inhibitor dosage, suggesting that irAEs are not directly tied to these
therapies in a dose-dependent fashion [98]. This is consistent with our observation
that pneumonitis after checkpoint inhibitor therapy appears to be an idiosyncratic
phenomenon. Pneumonitis after PD-L1 inhibitor therapy may occur less frequently
than after PD-1 inhibitor therapy. In non-small cell lung cancers, the overall
incidence of any-grade and high-grade pneumonitis was higher in patients treated
with PD-1 inhibitors as compared to PD-L1 inhibitors (PD-1 vs. PD-L1: any: 3.6%
vs. 1.3%; high: 1.1% vs. 0.4%) [85].

One key caveat is that because many of these trials were single-arm, open-label
studies, these results could be prone to bias. In fact, in patients treated with PD-1
and PD-L1 inhibitors in clinical practice at two high-volume institutions, the rates
of pneumonitis after PD-1 or PD-L1 inhibition appear to be similar in those with
melanoma (5%) and those with non-small cell lung cancer (4%) [86]. The median
time to pneumonitis in that study was 2.8 months from the time of treatment
initiation. Further studies are needed to better understand the incidence of
pneumonitis, particularly as these therapies are approved for new cancers. For
example, in a small sub-cohort, Naidoo et al. found an 11% incidence rate of
pneumonitis in patients with hematologic cancers, markedly higher than in
melanoma or non-small cell lung cancer [86].

Combination Therapy with PD-1/PD-LI Inhibitors and CTLA-4
Inhibitors

By inhibiting both the CTLA-4 and PD-1 pathways, it is possible to achieve greater
immune activation that may increase anti-tumor responses in certain cancers [101].
However, this also increases the risk for irAEs, including pneumonitis. Compared to
monotherapy, the incidence of pneumonitis with combination therapy may be as
high as 10%, and the time to onset is usually sooner [86]. Naidoo et al. found that
the median time to pneumonitis onset was 2.7 months in patients receiving
combination ICI therapy as opposed to 4.6 months in those receiving ICI
monotherapy [86]. Wu et al. found a similarly higher incidence of pneumonitis with
combination ICI therapy as compared to ICI monotherapy. In combination ICI
therapy, the incidence of pneumonitis was almost 7%, and the incidence of high-
grade pneumonitis was almost 2% [98]. This suggests that when compared to ICI
monotherapy, combination ICI therapy results in a higher risk for any-grade and
high-grade pneumonitis, and a faster onset to pneumonitis in patients in whom this
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develops. ICI therapies often have durable effects due the induction of immunologic
memory [102]. As a result, sequential treatment with PD-1/PD-L1 inhibitors and
CTLA-4 inhibitors may have a similar increase in the risk of pneumonitis as with
combination ICI therapy where both PD-1/PD-L1 inhibitors are given at the same
time. In a small study of 40 patients who received nivolumab or pembrolizumab
followed by ipilimumab, Bowyer et al. found that 8% of patients experienced high-
grade pneumonitis [103]. This finding needs to be confirmed in a larger study
cohort, but suggests that when ICI therapies are given sequentially, the risk of
pneumonitis is similar to combination therapy.

Radiologic Patterns of Pneumonitis After ICI Therapy

Pneumonitis after ICI therapy typically presents as NSIP or COP. In clinical prac-
tice, in a cohort of 915 patients who received ICI monotherapies or combination
therapies, the most common pattern of pneumonitis was NSIP (18/27), followed by
COP (5/27). Others have shown that COP is more common after PD-1 [43] or
CTLA-4 inhibitor therapy [93]. DAD reactions are rarer and typically have a more
severe clinical course, but may still be managed with prompt initiation of
immunosuppression.

Other manifestations of pulmonary irAEs have been described in the literature.
Airway inflammation with bronchiolitis has been described in a patient who was
receiving nivolumab for non-small cell lung cancer [104]. Rapidly recurrent pleural
and pericardial effusions were reported in two patients within 8 weeks of initiating
nivolumab therapy [105]. An increased incidence of pleural effusions was also
noted in the early clinical trials of nivolumab therapy in patients with non-small cell
lung cancer, although these effusions could not be definitely attributed to nivolumab,
as opposed to progression of disease [106]. ICI-related pleural and pericardial fluid
accumulation may be a form of irAE or a form of pseudoprogression. Drug
interruption and management of pleural/pericardial drainage procedures are the
primary focus of treatment. Initiation of immunosuppressive therapy for recalcitrant
effusions is reasonable although the role of steroids in this setting has not been
established.

Sarcoid-like reactions have been observed with ipilimumab [93, 107, 108] and
with PD-1 inhibition [109, 110]. Sarcoid-like reactions are rare irAEs, and the
manifestations vary from case to case. Presentations may include mediastinal
lymphadenopathy, pulmonary infiltrates, skin rashes, and renal disease. While these
reactions may resemble sarcoidosis clinically, the immunology is not necessarily
identical to sarcoidosis that occurs in the general population [107, 111]. However,
inhibition of immune checkpoint pathways may increase the population of Th17
cells, which are thought to be involved in non-ICI-related sarcoidosis [112, 113].
Therefore, there is a plausible biological basis for the incidence of sarcoid-like
reactions in patients treated with ICI inhibitors. Treatment includes interruption of
ICI treatment and systemic steroids. Further work is necessary to understand the
incidence of sarcoid-like reactions after ICI therapies.
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Areas of Uncertainty

Re-challenge with ICI Therapies After the Occurrence
of Pneumonitis

A key question in patients receiving ICI therapy is whether the onset of irAEs such
as pneumonitis may indicate a more favorable response to treatment. Some groups
have found that patients who experience irAEs have a better treatment response [91,
114], while others have not [115]. Therefore, re-challenge with ICI therapies after
the occurrence ICI-related pneumonitis may be desirable. Several groups have
reported the safety of resuming ICPI therapy after irAEs [116, 117]. However, the
overall incidence of irAEs is higher upon drug re-challenge, with about half of
patients experience any-grade irAEs. Furthermore, about 20% of patients experience
irAEs which are different from the initial irAE [117]. In other words, patients who
develop pneumonitis after ICI therapies may experience a non-pneumonitis irAE
upon drug re-challenge. Generally, these events are treatable with corticosteroids
and are not fatal [91] though rare fatalities have been reported [117]. However, it is
not clear whether ICI re-challenge is of sufficient clinical benefit to warrant the risk
of recurrent irAEs [35]. The Society for Immunotherapy of Cancer recommends
that drug re-challenge can remain an option in patients with grade 2 pneumonitis
that has resolved completely, as well as in select patients with grade 3 pneumonitis
that have resolved completely and in whom the benefits of ICI therapies outweigh
the risks of recurrent irAEs [118]. Patients with grade 4 pneumonitis should not
undergo re-challenge with ICI therapies. Further work in this area is necessary to
guide practice algorithms.

Biomarkers to ldentify Patients at Risk for Pneumonitis

As noted earlier in this chapter, certain patients may be at higher risk for the initia-
tion of pneumonitis. In particular, patients with pre-existing lung injury from smok-
ing or from radiation may bear a higher risk for ICI-related pneumonitis. Recent
advances in imaging techniques have allowed thoracic CT images to be analyzed at
the voxel level to detect textural features which are associated with disease or health
[119]. A similar approach led to the development of a radiomic-based algorithm
which predicted the onset of pneumonitis from pre-treatment thoracic CT scans of
patients who underwent ICI therapies [120]. These findings need to be externally
validated, but highlight the power of imaging as a biomarker of disease risk.
Interleukin-17 is an inflammatory cytokine that is upregulated in many autoim-
mune diseases, including inflammatory bowel disease [121]. Elevated serum IL-17
levels were predictive of colitis in patients with melanoma treated with ipilimumab
[122]. Similarly, in patients with leukemia, Th1/Th17 cells are expanded in bron-
choalveolar lavage fluid from patients with leukemia who developed pneumonitis
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after ICI therapy as compared to control patients with leukemia who had not
received ICI therapy [123]. Further work is necessary to identify inflammatory bio-
markers in the blood or in bronchoalveolar lavage fluid that can help predict the
onset of pneumonitis after ICI therapy.

Conclusions

Pneumonitis is a rare but serious irAE that occurs after therapy with PD-1, PD-LI,
and CTLA-4 inhibitors. Pneumonitis should be recognized promptly if patients
have new pulmonary symptoms such as cough or shortness of breath. The workup
in patients with suspected pneumonitis should include pulmonary function testing,
thoracic CT imaging, and bronchoscopy with bronchoalveolar lavage to rule out
infection. Treatment with corticosteroids is generally effective and results in prompt
resolution of symptoms. However, untreated pneumonitis can be fatal. Further work
is needed to identify which patients are at the highest risk for the development of
pneumonitis after ICI therapies.
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Chapter 7
Immune Checkpoint Inhibitors-Induced
Colitis

Check for
updates

Yun Tian, Hamzah Abu-Sbeih, and Yinghong Wang

Abstract Immune checkpoint inhibitors (ICIs) have shown significant benefit in
cancer patients, but are associated with immune-related adverse events (irAEs), that
can affect the gastrointestinal tract resulting in diarrhea and colitis. IrAEs range
from mild self-limiting to severe life-threatening disease, which potentially limit the
use of these medications. Diagnosis of ICI-induced colitis is based on clinical
symptoms, physical examination, stool tests, endoscopic evaluation, and/or imag-
ing. Current management strategy is mainly anti-diarrheal agents for mild symp-
toms, and immunosuppressants (e.g., corticosteroids, and infliximab or vedolizumab)
for more severe cases.

Keywords Immune checkpoint inhibitors - Colitis - Diarrhea - Corticosteroids
Infliximab - Steroids - Immunotherapy

The Incidence of ICI-Induced Colitis

ICI-induced colitis, which shares some similarities with inflammatory bowel
diseases (IBDs), is observed in 25-30% of patients receiving anti CTLA-4 agents
[1-3]. Anti-PD-1 antibodies are associated with lower rate of gastrointestinal (GI)
adverse events, approximately 10% [4]. However, combination therapy with both
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CTLA-4 and PD-1 blockers raised the risk of GI toxicities to about 45% which is
much higher than monotherapy [5]. Grade 3 or 4 diarrhea was reported to be among
the most commonly reported serious adverse events and occurs in 10% of cases
receiving ICIs [3, 6].

Clinical Presentation of ICI-Induced Colitis

Among all the clinical symptoms of ICI-induced GI toxicities, the most common
presentation is watery diarrhea followed by abdominal pain, hematochezia, nausea/
vomiting, and fever [1, 2, 7]. Weight loss has also been found in patients with ICI-
induced colitis [1]. Many patients often have only non-bloody self-limiting diarrhea
without other associated symptoms [8, 9], whereas severe colitis may result in
colonic perforation and death [10—12]. The severity of diarrhea and colitis is graded
based on the Common Terminology Criteria for Adverse Events (version 4.03).
Details of CTCAE criteria for diarrhea and colitis are shown in Table 7.1 [13].

Diarrhea adverse event generally occurs around 6-7 weeks following com-
mencement of ICI treatment [11, 14]. However, the onset can range from immedi-
ately after the first dose to more than 4 months after the last dose [7, 15, 16].

Diagnostic Tools for the Evaluation of ICI-Induced Colitis

Patients on ICI treatment who develop acute onset of diarrhea should be evaluated
for infectious etiology first [12]. Stool tests for bacterial infection, C. difficile, viral,
parasitic, or fungus should be performed to rule out infectious causes before confer-
ring a diagnosis of ICI-induced diarrhea or colitis [17, 18]. It was noted that in some
cases, ICI-induced colitis and GI infection can coexist [19].

Currently, there are no available specific serologic or fecal markers for ICI-
induced colitis [20]. Fecal calprotectin is a stool inflammatory marker that has been
widely used in the clinical practice for patients with inflammatory bowel disease. It
has also been reported as a diagnostic or predictive tool for ICI-induced colitis [2].
However, the association between the increased fecal calprotectin level and ICI-
induced colitis is not well established [20].

For patients who have >grade 2 diarrhea and colitis symptoms, endoscopy with
biopsies is highly recommended to further evaluate the severity of ICI-induced GI
toxicity [21, 22]. Endoscopic manifestations often reveal erythema, edema, ero-
sions, ulcers, exudates, granularity, loss of vascular pattern, and bleeding [23].
About 43% colonic inflammation is distributed throughout the ileum and colon,
while 34% is limited to left colon alone. The rest is normal colon exam [24]. The
inflammation pattern can vary from diffuse circumferential, patchy, segmental, to
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Table 7.1 Common terminology criteria for adverse events of diarrhea and colitis
Gastrointestinal disorders
Adverse | Grade
events 1 2 3 4 5
Diarrhea | Increase of <4 Increase of 4-6 | Increase of >7 stools | Life-threatening | Death
stools per day over | stools per day | per day over consequences;
baseline; mild over baseline; | baseline; urgent
increase in ostomy | moderate incontinence; intervention
output compared | increase in hospitalization indicated
to baseline ostomy output | indicated; severe
compared to increase in ostomy
baseline output compared to
baseline; limiting
self-care ADL
Colitis | Asymptomatic; Abdominal Severe abdominal Life-threatening | Death
clinical or pain; mucus or | pain; change in consequences;
diagnostic blood in stool | bowel habits; urgent
observations only; medical intervention | intervention
intervention not indicated; peritoneal | indicated
indicated signs

isolated and focal type. For patients who had normal appearing colon on the exam,
routine biopsy is required to rule out a subtype of colitis, which mimics microscopic
colitis [7, 25]. Although colitis presented with significant endoscopic inflammation
accounts for 79% and normal endoscopic exam in 21% [24].

Microscopic findings from inflamed colon are presented with three categories:
acute, chronic, and microscopic inflammation [22, 25]. Acute inflammation features
include neutrophil and/or eosinophil infiltration, epithelium apoptosis, cryptitis, and
crypt microabscesses, which account for 23% of colitis; chronic inflammation fea-
tures include crypt architectural distortion, basal lymphoplasmocytosis, granuloma,
and Paneth cell metaplasia, that account for 60% of colitis; and microscopic colitis
can present with features of lymphocytic infiltration in the epithelium and/or sub-
epithelial collagen band deposition which is 8% [24]. Chronic histologic features
share fair similarity with both Crohn’s disease and ulcerative colitis. In addition, the
absence of cytomegalovirus infection on histopathological examination of the colon
tissue should be confirmed [2].

Radiology especially CT scan is important to evaluate bowel perforation,
obstruction, and toxic megacolon that are complications of severe ICI-induced coli-
tis. Features of colonic inflammation on imaging include diffuse wall thickening,
mesenteric vessel engorgement, peri-colic fat stranding, and mucosal enhancement
in patients with ICI-induced colitis [2, 26]. Free intraperitoneal air indicates the
presence of bowel perforation [27]. However, the sensitivity of detecting evidence
of colitis on imaging is only 50% if endoscopy is used as the gold standard for
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inflammation [24]. For selected patients with high suspicion for toxic megacolon or
perforation, abdominal imaging should be obtained to provide early guidance for
further management.

Management and Clinical Outcomes of ICI-Induced Colitis

Current management of ICI-induced diarrhea and colitis depends on the severity of
the symptoms [28]. For patients with grade 1 diarrhea, usually conservative man-
agements with over the counter anti-diarrheal agents, adequate oral hydration, diet
modification, and close follow-up monitoring are recommended. It has also been
reported that 5-ASA may be effective in those with milder grade diarrhea [29].
Usually, ICI can be continued for grade 1 symptoms. If patients fail conservative
management, or symptoms progress to higher grade level, more aggressive manage-
ment strategy is required.

For grade 2 and above diarrhea and colitis, holding immunotherapy is highly
recommended [30, 31]. The main treatment options for higher grade of ICI-induced
diarrhea/colitis are immunosuppressants to reverse the effect of ICI, and hamper the
inflammation. These include corticosteroids and other nonsteroidal immunosup-
pressants, e.g., infliximab and/or vedolizumab [3, 32, 33]. The forms of corticoste-
roid reported to be used for ICI-colitis include hydrocortisone enema, oral
budesonide, and systematic use of corticosteroids (intravenous form of steroid and
oral prednisone). Intravenous corticosteroid is indicated in patients who have severe
symptoms that require hospitalization especially for grade 3 and above toxicities.
Long steroid taper duration over 4-6 weeks is recommended to minimize the
rebound symptoms. The standard dose of initial steroid treatment is 1 mg/kg/day,
but can be increased to 2 mg/kg if symptoms are refractory within 2-3 days. The use
of steroid enema and budesonide was reported in case studies only [14, 17, 29, 34].
For cases refractory to corticosteroid treatment, anti-TNF agents such as infliximab
and adhesion molecule blocker, e.g., vedolizumab had been reported to be success-
ful in case studies [3, 32, 35]. Indeed, early use of infliximab is associated with
shorter duration of immunosuppressant treatment and improved clinical outcome
[32, 33, 36]. The contraindications for biological agents include bowel perforation
and infection, especially sepsis [11]. The response to infliximab therapy is usually
within 1-3 days [7], while some patients may need more than one dose [29]. The
reported response rate to infliximab was as high as 83—-100% [2].

When symptoms resolve or improve to grade 1 or less after steroid treatment,
resuming checkpoint inhibitor may be considered especially non-CTLA-4 agents
[11]. Recurrent GI symptoms after the initial episode can occur months after suc-
cessful treatment and may require complete evaluation for the same etiology [17].

Other immunosuppressive agents such as tacrolimus or mycophenolate mofetil
have also been reported in case studies for the treatment of ICI-induced colitis [33].
It should be noted that, for patients with high suspicion of bowel perforation or toxic
megacolon, steroids should be withheld and a surgical consultation should be
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obtained [11]. Surgery with colectomy is usually reserved for patients with serious
GI complications, e.g., colonic perforation [33, 37, 38]. Avoidance of nonsteroidal
anti-inflammatory drugs (NSAID) is usually recommended to prevent exacerbation
of gastrointestinal symptoms based on case reports [1, 39].

Conclusion

The recognition of ICI-induced colitis is increasing with the wide use of ICIs in the
past few years. It shares some characteristics with IBD; however, presents with
much broader range of manifestations than IBD. The diagnosis and the severity
measures of ICI-induced colitis are based on multiple evaluation modalities. Early
use of immunosuppressants, e.g., corticosteroids, infliximab and/or vedolizumab
can lead to quick symptom improvement in severe cases. The ultimate goal is to
provide maintenance treatment to keep the colitis in remission while keeping patients
on ICI treatment to maximize its benefit if they are deemed to be good responders.
Further studies are still required to further improve the management strategy.
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Chapter 8
Immune Checkpoint Inhibitors-Induced
Hepatitis

Check for
updates

Yun Tian, Hamzah Abu-Sbeih, and Yinghong Wang

Abstract Immune checkpoint inhibitors (ICIs) have been increasingly used for
multiple cancer types in the past decade. ICIs include CTLA-4 inhibitors (e.g., ipili-
mumab) and the PD-1 and PD-L1 inhibitors (e.g., nivolumab and pembrolizumab).
Hepatotoxicity is not uncommon secondary to ICI treatment. It can occur 8—12 weeks
after the initiation of ICI and presents with elevation of aspartate transaminase and
alanine transaminase. ICI-induced hepatitis is usually asymptomatic but may pres-
ent with fever, malaise, and even death in rare cases. It is a diagnosis of exclusion
after other etiologies are excluded based on medical history, laboratory evaluation,
and imaging and histological findings. ICI-induced hepatitis might require discon-
tinuation of ICI and/or treatment with immunosuppressants.

Keywords Immune checkpoint inhibitors - Hepatitis - Anti-CTLA-4 - Anti-PD-1/
anti-PD-L1 - Corticosteroids - Transaminitis - Liver injury

The Incidence of ICI-Induced Hepatitis

Immune checkpoint inhibitor (ICI)-induced liver injury occurs in 5-30% of patients
[1, 2]. Compared with patients treated with PD-1/PD-L1-blocking antibodies,
patients receiving CTLA-4-blocking antibodies are associated with higher risk of
liver toxicity, which can be up to 15% [3, 4]. On the other hand, the incidence of
hepatic injury associated with anti-PD-1/PD-L1 agents is 5-10%. However,
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hepatotoxicity raises up to 30% in patients treated with combination therapy with
anti-CTLA-4 and anti-PD-1/PD-L]1 inhibition [3-5].

The most common pattern of hepatocellular injury induced by ICI is panlobular
hepatitis [5-12]. Grade 3—4 hepatitis has been reported in 1-3% of patients receiv-
ing ICI monotherapy and in 8-14% of patients treated with anti-PD-1 and anti-
CTLA-4 combination [5, 7-10, 13-16].

Clinical Presentation of ICI-Induced Hepatitis

ICI-induced hepatitis develops through an immune-mediated mechanism which
manifests as either hepatocellular or cholestatic injury [14, 17—-19]. The presentation
of ICI-induced hepatitis remains highly heterogeneous, ranging from complete
asymptomatic with mild rise in aminotransferases to death due to hepatic failure [6,
20, 21]. Certain patients with ICI-induced hepatitis could present with fever, malaise,
jaundice, and changes of stool color [17, 22]. The increased level of aspartate amino-
transferase (AST), alanine aminotransferase (ALT), and bilirubin can be attributed to
any ICI agent including CTLA-4 and PD-1/PD-LI classes [13, 17, 20, 23].

ICI-induced hepatitis can occur at any time, but often becomes clinically evident
8—12 weeks after initiation of ICI therapy [16, 20, 24]. Patients present with delayed
onset hepatitis tend to have milder disease [14, 25]. It should be noted that the sud-
den onset of fulminant hepatitis can occur despite patient has tolerated long-term
ICI treatment [26].

Diagnostic Tools for the Evaluation of ICI-Induced Hepatitis

CTCAE grading system for biochemical markers of hepatitis and hepatic failure is
shown in Table 8.1 [27].

The exclusion of other causes of liver injury such as medications, autoimmunity,
viral infection, and alcohol is the initial approach for the management of suspected
ICI-induced hepatitis [13, 28]. In addition to monitoring hepatic function closely,
the evaluation for other etiologies includes diagnostic laboratory and imaging stud-
ies. Liver biopsy should be considered for cases that fail the standard immunosup-
pressive treatments [29].

Diagnostic laboratory biochemistry can help to evaluate for viral and other
autoimmunity-related causes. Computed tomography (CT), magnetic resonance
imaging (MRI), and ultrasound (US) imaging findings are usually nonspecific for the
diagnosis of ICI-induced hepatitis [30]. However, imaging modalities can be of value
to detect other etiologies that lead to abnormal liver enzymes, e.g., liver metastatic
disease and thromboembolic event [17, 31]. Radiological features of ICI-induced
hepatitis include periportal edema, hepatomegaly, periportal MRI T2-hyperintensity,
attenuated liver parenchyma, and enlarged periportal lymph nodes on CT and MRI in
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Table 8.1 Hepatobiliary disorders

Grade
Adverse
events 1 2 3 4 5
Hepatitis
1.ALT 1-3xULN | 3-5xULN | 5-20xULN >20xULN -
and AST
2. Total | 1-1.5xULN | 1.5- 3-10xULN >10xULN
bilirubin 3xULN
Hepatic - - Asterixis; mild Moderate to severe Death
failure encephalopathy; encephalopathy; coma;
limiting self-care life-threatening
ADL consequences

severe hepatitis [17, 25, 32]. Mild hepatitis usually has normal appearance of the
liver on imaging [17, 33]. ICI-induced hepatitis treatment has been reported to
improve hepatomegaly and periportal lymphadenopathy on imaging [17].

Histological examination of ICI-induced hepatitis demonstrated nonspecific fea-
tures of panlobular hepatitis and bile duct injury [22] including fibrin ring granulo-
mas [34], central vein endotheliitis [20, 35], prominent sinusoidal lymphohistiocytic
infiltrates, and endothelialitis involving central veins [20]. The histology of anti-
PD-1/PD-L1-induced hepatitis is different from that of anti-CTLA4. PD-1/PD-L1
antibody-induced hepatitis causes lobular non-granulomatous hepatitis [16],
whereas CTLA4 antibody-induced hepatitis causes granulomatous hepatitis with
fibrin deposits [16]. In addition, ICI-induced hepatitis has increased numbers of
CD3* and CD8* lymphocytes and decreased CD20* B cells and CD4* T cells com-
pared with autoimmune hepatitis and drug-induced liver injury [35].

Management and OQutcomes of ICI-Induced Hepatitis

For mild cases, e.g., grade 1 hepatitis, expectant management with close laboratory
monitoring is recommended [36]. ICI can be continued in these cases. For grade 2
and above hepatitis, after other apparent causes are excluded, immunosuppressants,
e.g., corticosteroid should be initiated and ICI should be held. The dosage of corti-
costeroids that has been recommended with over 4 weeks taper range from 0.5 to
2 mg/kg/day [11, 13]. ICI can be resumed when corticosteroid has been tapered
down to 10 mg/day (toxicity grade < 1) for grade 2. Permanent discontinuation of
ICI and corticosteroids treatment are recommended for grades 3 and 4 hepatitis
[36]. Usually, corticosteroids lead to the normalization or improvement of liver
enzymes in most patients [20, 26, 35]. Some patients might need multiple cycles of
corticosteroid treatment [17]. The median time from corticosteroids initiation to
resolution is approximately 8 weeks [37]. In clinical practice, spontaneous improve-
ment of liver biochemistry following ICI cessation without any corticosteroid
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therapy has been reported [16]. Patients with ICI-induced hepatitis that is refractory
to high dose corticosteroids may need a trial of mycophenolate mofetil based on
some case studies [6, 21]. Because of its potential hepatotoxic effect (very rare),
infliximab is not recommended for the treatment of ICI-induced hepatitis [22, 24].
Antithymocyte globulin therapy was also reported as an alternative treatment in the
event of corticosteroid intolerance [21].

For ICI-induced hepatitis, ICI therapy can be resumed after the resolution of
transaminitis to grade 1 or below. In the event of persistent grade 3 or 4 hepatitis, it
may require more than 1 month to the resolution of hepatic injury, and this can lead
to permanent termination of ICI treatment. The liver function panel should be moni-
tored as some patients may have rebound elevation of AST and ALT even after
completion of corticosteroids therapy and clinical resolution [20].

Conclusion

The high incidence of ICI-induced hepatitis has been reported in the literature con-
sidering the wide use of ICI in the past few years. ICI-induced hepatitis often occurs
8—12 weeks after the initiation of ICI. The presentation of ICI-induced hepatitis is
usually asymptomatic and shares a few characteristics with viral hepatitis, display-
ing elevated levels of AST, ALT, and total bilirubin, but may co-present with fever,
malaise, and even death in rare cases. The diagnosis of ICI-induced hepatitis is usu-
ally made after the exclusion of other etiologies of hepatitis. For the management of
ICI-induced hepatitis, the discontinuation of ICI treatment and the early use of
immunosuppressants, e.g., corticosteroids, can lead to quick improvement in severe
cases. The ultimate goal is to maintain normal hepatic function panel while continu-
ing ICI treatment to maximize the benefit of ICI in good responders. Future studies
are still required to further improve the management of ICI-induced hepatitis.
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Chapter 9

Symptoms as Patient-Reported Outcomes
in Cancer Patients Undergoing
Immunotherapies

Check for
updates

Tito R. Mendoza

Abstract Cancer therapies are toxic. Newer oncological treatments such as immu-
notherapy produce unconventional adverse events that are collectively referred to as
immune-related adverse events (irAEs). These irAEs are clinician-rated and typi-
cally reported via tabulation of adverse events from the National Cancer Institute’s
Common Terminology Criteria for Adverse Events (CTCAE). However, the symp-
tomatic effects of treatment and the severity of disease are best reported by the
patient themselves. Although many pivotal trials for immunotherapeutic agents
include health-related quality-of-life measures, symptom-focused assessments are
more proximal to the effects of treatment and disease burden. This chapter discusses
how best to measure symptoms, describes the desirable properties of a psychometri-
cally valid symptom assessment tool, reviews available symptom assessment tools,
provides methods to assist in the interpretation of PRO data, elucidates the feasibil-
ity and benefit of incorporating PRO in several cancer cohorts, describes the current
use of PROs in immunotherapy, and identifies areas where further research are
needed to enhance the use of PROs in cancer patients undergoing immunotherapy.

Keywords Patient-reported outcomes - Symptoms - Immunotherapy - Cancer

Introduction

Cancer is a disease with symptoms that profoundly impair a patient’s quality of life
and ability to function. Symptoms are further exacerbated by newer cancer treat-
ments such as immunotherapies that have revolutionized the treatment of various
cancers by reinvigorating a suppressed immune system. Because of this disruption
in immune balance, a unique set of side effects referred to as immune-related adverse
events (irAEs) have emerged. These irAEs are typically clinician-rated and may not
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be consistent with patient’s reports of their symptoms. In order to accurately measure
symptoms, we must rely on the use of patient-reported outcomes (PRO).

Symptoms, like health-related quality of life, is a PRO because the patients
themselves are the best source of information. However, unlike health-related
quality of life, symptom is more proximal to the effect of treatment and the disease.
Health-related quality of life is a much broader concept than symptom.

This chapter describes how best to measure symptoms using patient-reported
outcomes, discusses the desirable properties of a psychometrically valid symptom
assessment tool, reviews available symptom assessment tools, provides methods to
assist in the interpretation of PRO data, elucidates the feasibility and benefit of
incorporating PRO in several cancer cohorts, describes the current use of PROs in
immunotherapy, and identifies areas where further research are needed to enhance
the use of PROs in cancer patients undergoing immunotherapy.

Importance of Symptom Assessment

Patient’s inability to tolerate treatment-related symptoms often precludes full and
effective treatment, and residual symptoms of treatment may limit the functioning of
those who may be in remission. Most symptom-focused interventions are typically
designed with the goal of usually reducing the severity and impact of symptoms.
Because patients commonly face choices among treatments that are similarly effec-
tive for tumor control and prolonging survival, differences in the patient’s symptoms
during the survival period is a major factor in making individualized treatment
choices and in developing new therapies. Hence, the ability to compare treatment-
related symptoms provides a benchmark for evaluating various cancer treatments.
Quality assurance also depends on information about the extent and severity of
symptoms. All of these approaches require accurate symptom measurement.

Symptoms and Patient-Reported Outcomes

A symptom report is the patient’s statement of their perception of disturbance in
normal function that is caused by disease or treatment of disease. Although symp-
toms are based on complex biological and behavioral phenomena, as subjective
experiences their measurement is typically restricted to self-report. Because a
symptom can only be known through the patient’s subjective report, it is by defini-
tion a patient-reported outcome (PRO). In contrast, a sign or laboratory value, such
as elevated white blood cell count or reduced hemoglobin, is objective evidence of
the presence of a disease or toxicity of therapy.

The use of PROs continues to increase over the years for several reasons. First,
the National Institutes of Health (NIH), as part of its Roadmap Program, has made
a significant investment in the development of a measurement system called the
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Patient-Reported Outcomes Measurement Information System to increase the
measurement precision of patient self-report questionnaires [1]. Second, the US
Food and Drug Administration (FDA) has issued guidance for the pharmaceutical
industry entitled patient-reported outcome measures: use in medical product
development to support labeling claims, which provides guidance on how self-
report measures are to be used for making claims about the effectiveness of agents
for which approval is being sought [2]. Third, the National Cancer Institute realized
the shortcomings of their Common Terminology Criteria for Adverse Events
(CTCAE) and therefore commissioned contract work to develop a patient-reported
outcome version of the CTCAE coined as the PRO-CTCAE [3].

Symptom Reports as Proximal Measure of Disease
and Treatment

Patient-reported outcomes can assume many forms such as health status, patient
satisfaction, symptom severity, and functional impact. As alluded to earlier, symp-
toms are generally seen as a subset of health-related quality of life (HRQOL).
HRQOL is a multidimensional construct comprising at least four dimensions: phys-
ical function (e.g., daily activities, self-care), psychological function (e.g., emo-
tional or mental state, mood), social role function (e.g., social interactions, family
dynamics), and disease-related or treatment-related symptoms (e.g., pain, nausea)
[4]. Commonly used HRQOL measures, including the Medical Outcomes Study
Short Form-36 (SF-36) [5], the Functional Assessment of Cancer Therapy (FACT)
[6], and the European Organisation for Research and Treatment of Cancer Quality
of Life Questionnaire (EORTC QLQ-C30) [7], address major symptoms such as
pain, depression, fatigue, and nausea. In the EORTC QLQ-C30, 18 of 30 items are
self-reported symptoms. HRQOL measures also ask questions about various dimen-
sions of patient perception, such as societal role function and concerns about social
support. In most conceptualizations of HRQOL, symptoms can be viewed as the
patient report closest to the physical and psychological perceptions of the disease
process and the immediate effects of treatment on these perceptions [8].

Symptom Measurement

Symptoms are only known by what people tell us. Statements about symptoms
(such as, “I have terrible back pain”) are reports of experiences that have common
meaning to the person (patient) reporting the symptom and to the person (clinician
or caregiver) receiving the report. A person who has never experienced pain might
find a pain report hard to comprehend. Unlike height or weight, pain, fatigue, or
feeling sad cannot be measured with a measuring stick or a weighing scale.
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Symptom measurement depends on our understanding of how symptoms are
communicated between the person experiencing the symptom and the people who
need to know about it. Because self-reported symptoms are subjective, they are typi-
cally described using “constructs,” or internal mental states that we cannot measure
directly. Rather, we deduce that construct through a set of questions or items that
underlie that construct. For example, to understand the construct of pain, we ask
questions about the severity of pain and how pain impact daily functions. The mea-
surement of such constructs as symptoms depends on the science of psychometrics,
a field of study that originated in educational testing because of the need to know
how best to measure intelligence and educational achievement. We can ask many
questions with some seemingly more relevant than others. The primary goal of psy-
chometrics is in managing the precision of self-report. Psychometrics concerns
itself with reducing the measurement error so that each item provides maximum
information about the construct that we are trying to approximate [9]. Two com-
monly used psychometric metrics are reliability and validity of a scale.

Desirable Properties of a Symptom Measure

Measures of Reliability

Test-retest reliability. 1If patients are asked about their symptoms more than once
within a short time frame and symptoms are not expected to change, symptom
ratings should be very similar each time. In general, the correlations between the
ratings of the same item at these various times are considered adequate if they equal
or exceed 0.70 [10]. This type of reliability is known as “test-retest reliability.”
Because the symptoms of patients with cancer can change quite rapidly, test-retest
reliability should be assessed in patients whose symptoms and disease status are
relatively stable during the specified assessment times.

Internal consistency reliability. Another measure of reliability is internal
consistency, or the degree to which individual items in a measure correlate with the
total score to which the item contributes. One of the most widely used measures of
internal consistency reliability is the Cronbach alpha [11]. The Cronbach alpha can
be thought of as the average correlation calculated from all possible combinations
of items when split into two half-tests.

Measures of Validity

Content validity. Self-report measures need to be more than just stable or reliable.
The term “validation” is sometimes used broadly to include all the steps used to evaluate
a self-report instrument. However, in a more technical psychometric sense, “validity”
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refers to evidence that the assessment instrument is actually capturing the concept or
concepts it is designed to measure. An assessment instrument has content validity if it
appears to measure the construct of interest. Content validity is related to face validity,
which reflects the judgment of stakeholders who will use the measurement tool (health
care professionals and patients) that the instrument appropriately represents what it is
intended to measure. Experts and clinicians have long been traditionally consulted on
item selection, but the incorporation of patient input into the measurement process is
becoming a new standard of validation not found in educational measurement standards
[12]. The FDA’s guidance imposes the common-sense criteria that a PRO measurement
needs to “make sense” to the patients who will be asked to complete the measure and
should incorporate symptoms relevant to the disease/treatment to be evaluated [2, 13].
This typically involves patient interviewing and commenting at several steps in the
item-development process, a method known as “qualitative research” or “cognitive
interviewing.” If a new measurement tool is being created, this partially assures that the
items and scales are meaningful and understood by patients [14]. If an existing
assessment tool is to be used in a study, cognitive debriefing supports the appropriateness
of using the tool in that particular study or trial. The FDA guidance recommends that
cognitive debriefing studies be included in the medical product’s dossier including
those of new immunotherapeutic agents to support labeling claims [2].

Convergent validity. Convergent validity indicates whether scores agree with
results from a similar-but-independent measure. Convergent-related validity is
determined by correlating the new assessment measure with a known “gold standard”
for assessing the variable of interest (the symptom). Unfortunately, few gold standards
are available for measuring symptoms. Some studies of convergent validity have used
previously validated measures of the symptom or symptom-specific subscales from
validated HRQOL measures, such as the pain items from the SF-36 or the fatigue
subscale of the Profile of Mood States, to estimate measurement convergence.

Known-group validity. Known-group validity refers to the ability of the instrument
to differentiate between groups in a predictable way. For example, cancer patients
with poor performance status or late-stage disease should demonstrate higher
symptom burden on the measurement instrument compared with patients who have
good performance status or early-stage disease, respectively. Similarly, patients
undergoing aggressive therapy should have higher severity levels of treatment-
related symptoms (such as fatigue) later on in their treatment, compared with
pretreatment symptom severity.

Sensitivity to Change

Whereas known-group validity is cross-sectional in nature, a measure’s sensitivity
is assessed repeatedly over the time that symptoms are expected to change.
Sensitivity always includes a time component in that changes can be demonstrated
in the expected direction. For example, pain severity ratings should improve when
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the patient receives appropriate analgesics for pain in a pre-post study design.
Similarly, patients undergoing aggressive cancer therapy are expected to experience
worsening symptoms as they progress through their treatment regimen, and a symp-
tom assessment tool should be able to detect those expected changes.

Practical Characteristics of a Symptom Measure

In addition to being sensitive to change and having acceptable reliability and valid-
ity, an ideal symptom assessment measure should also be brief and easy to com-
plete, so as to reduce patient burden. Conciseness is particularly important if the
symptom measure is to be used repeatedly to monitor changes in symptoms over
time. A symptom measure must also be easy to understand, preferably written at
around fifth grade level so that a patient with poor education can still complete it
with minimal assistance. Availability in multiple languages is also important, espe-
cially in settings where patients come from different countries and linguistic back-
ground. Finally, the scores derived from the measure should be easy to interpret and
intuitively meaningful to both patients reporting symptoms and to the clinicians and
researchers making decisions about them.

Commonly Used Symptom Assessment Tools

Pain assessment instruments. A measure of pain should reflect (1) important
aspects of what a person with pain experiences, and (2) how pain is expected to
change as a result of the study to be conducted or the treatment to be administered.
These issues have been the focus of a long-standing working group called the
Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials
(IMMPACT, see www.immpact.org). The collective publications of this working
group, available on its Web site, are an important resource for persons planning
symptom trials. IMMPACT has specified domains of measurement that should be
considered in a clinical pain study, such as pain severity, pain interference, and
effects of the treatment on other symptoms, including mood [15]. One single-
symptom, multi-item measure that assesses these recommended dimensions is the
Brief Pain Inventory (BPI) [16, 17].

Other tools that are commonly used for pain assessment in cancer are the Short-
Form McGill Pain Questionnaire (recently revised) [18], the bodily pain subscale of
the SF-36 [5], and the EORTC QLQ-C30 pain scale [7].

Fatigue assessment instruments. Fatigue, the most common symptom described by
patients with cancer, is endemic during cancer treatment and in advanced disease.
Substantial debate is being waged over how best to measure fatigue, which many agree
is multidimensional, having physical, mental, and, perhaps, emotional components.
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It has been argued that single-item fatigue measures and short single-symptom, multi-
item measures are too simplistic to represent the complex construct of fatigue;
conversely, measures that attempt to capture the complexity of fatigue have many
more items and take longer to complete, making them more burdensome for
longitudinal administration than the shorter measures.

The Brief Fatigue Inventory (BFI) [19] is a single-symptom, multi-item measure
that evolved from the Brief Pain Inventory. The BFI is useful for rapid assessment
of fatigue severity in clinical screening and clinical trials. We developed the BFI
along the lines of the BPI and examined its psychometric properties in inpatients
and outpatients with cancer and in a comparison sample of community-dwelling
adults. As with the BPI, the BFI asks patients to rate their fatigue or tiredness on
three items assessing fatigue severity and six items assessing how much fatigue
interferes with daily functioning. Although our aim in constructing the BFI was to
capture both fatigue severity and interference, several studies have demonstrated
that the underlying structure of the BFI items suggests a single dimension underly-
ing all items. This single-factor result for the BFI is consistent with the report of Lai
et al. [20] that, on the basis of results from 555 patients with cancer who responded
to 72 fatigue items, cancer-related fatigue can be considered unidimensional.

Other single-symptom, multi-item measures for fatigue include the Cancer
Fatigue Scale [21], Fatigue Symptom Inventory [22], the FACT fatigue [23], Lee
Fatigue Scale [24], Multidimensional Fatigue Inventory [25], the revised Piper
Fatigue Scale [26], and the Schwartz Cancer Fatigue Scale [27].

Item banks forindividual symptoms. The Patient-Reported Outcomes Measurement
Information System (PROMIS) is an NIH-funded initiative tasked with developing a
more fluid, yet consistent, measurement system for PROs. PROMIS has developed
and continues to test a large bank of items that measure various PROs that allows for
efficient, psychometrically robust assessment of PROs in clinical research [1].
PROMIS is using item response theory (IRT) to generate a list of patient self-report
questions based on initial cues.

Although the PROMIS measures represent a major advance in the development
of PROs because of item banking and its methodical IRT approach, much work
remains to be done to provide evidence for the utility of the PRO measures that
would lead to clinicians’ acceptance of their use.

Item library for adverse events reporting. In order to complement the Common
Terminology Criteria for Adverse Events (CTCAE), the US National Cancer Institute
contracted work to develop its patient-reported outcomes version (PRO-CTCAE).
The validated PRO-CTCAE consists of 124 items reflecting 78 symptomatic adverse
events, and each adverse event is assessed relative to one or more attributes, specifically
presence or absence, frequency, severity, and/or interference with usual or daily
activities [28]. PRO-CTCAE captures a full range of symptomatic treatment effects
across a full range of cancer treatment modalities. Frequency, severity, and interference
with daily activities are scored using a 0—4 rating scale (i.e., frequency: O indicates
never, 1 rarely, 2 occasionally, 3 frequently, and 4 almost constantly; severity: O
indicates none, 1 mild, 2 moderate, 3 severe, and 4 very severe; and interference with
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daily activities: O indicates not at all, 1 a little bit, 2 somewhat, 3 quite a bit, and 4 very
much). The response options for presence or absence are 0 for no or 1 for yes. The
recall period for all items is the past 7 days. Intended to complement the CTCAE, the
PRO-CTCAE is primarily used to describe and elucidate the toxicity profile of an
investigational agent. The PRO-CTCAE has been shown to be feasible to use in large
multicenter trials [29] but because the PRO-CTCAE was only recently developed,
work remains to be done to determine clinically meaningful differences in PRO-
CTCAE scores.

Multisymptom assessment tools. Immunotherapies produce a host of symptoms.
An ideal multisymptom assessment tool should include the symptoms that occur
most frequently and are most distressing to patients. At the same time, the assessment
should be short, easy to understand. Multisymptom inventories can be used to
identify symptoms that are prevalent and distressing across various cancers and
treatments. For example, the M. D. Anderson Symptom Inventory (MDASI) is a
brief measure of the severity and impact of cancer-related symptoms regardless of
cancer or treatment type [30]. The MDASI was developed on the basis of our
previous efforts to assess the severity and interference of single symptoms, including
the development of the Brief Pain Inventory and the Brief Fatigue Inventory [16,
19]. The MDASI asks patients to rate the severity of 13 symptoms that are common
in patients with cancer once treatment begins: fatigue, disturbed sleep, pain,
drowsiness, poor appetite, nausea, vomiting, shortness of breath, numbness,
difficulty remembering, dry mouth, distress, and sadness. Patients rate each
symptom’s presence and greatest severity in the previous 24 h on an 11-point (0-10)
scale, with O representing “not present” and 10 representing “as bad as you can
imagine.” The MDASI also contains six items that assess the degree to which
symptoms have interfered with aspects of the patient’s life in the previous 24 h:
general activity, mood, walking ability, normal work (including work outside the
home and housework), relations with other people, and enjoyment of life. Each
interference item is also rated on an 11-point scale, with O signifying “did not
interfere” and 10 signifying “interfered completely.”

Other most commonly used multisymptom assessment tools include the EORTC
QLQ C30 [7], the Rotterdam Symptom Checklist [31], the Symptom Distress Scale
[32], the MSAS [33], the ESAS [34], and the symptom monitor [35].

Interpretation of Patient-Reported Symptom Data
and Methods of Determining Minimally Important Difference

Widespread use of an instrument depends on how well clinicians and researchers
can use and interpret scores derived from the tool. Once a tool’s validity has been
established, the next step is to determine the instrument’s minimal clinically impor-
tant difference (MCID; or minimally important difference, MID) in symptom
scores. With large enough sample sizes, very small differences in symptom ratings
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can be statistically significant, yet offer little value to patients and health care pro-
viders making treatment decisions. Determining the MCID in the field of health-
related quality of life can facilitate the interpretability of symptom scores. Two
approaches are used to determine the MCID: distribution-based methods and the
anchor-based methods [36]. One approach is not preferred over the other, and one
clinical significance consensus panel [37] suggested that the procedures within each
method are not sufficient by themselves but are complementary, especially when
their respective results are consistent.

Distribution-based methods. Distribution-based methods compare the change in
symptom scores seen in a clinical trial to measures of variability in score distributions,
such as the standard deviation, the effect size, or the standard error of measurement
(SEM). For effect sizes, variability of symptom reports at baseline for all trial
patients is typically used. However, estimates of variability can potentially vary
from one study to another depending on the heterogeneity of the patient sample.

One approach for the distribution-based method is to set the MCID as one-half
standard deviation of the symptom scores at baseline [38, 39]. Cohen’s effect-size
guidelines, which attach values to the magnitude of an effect, can also be used to aid
interpretation of symptom scores [40]. The SEM can be calculated to further mini-
mize the impact of population heterogeneity. This is computed as the baseline stan-
dard deviation multiplied by the square root of (1 — the reliability of the symptom
scores); for any longitudinal study, either of two estimates of reliabilities, internal
consistency and test-retest reliability, can be used. Wyrwich et al. [41] demonstrated
that a criterion of 1 SEM was closely related to the anchor-based approach when
determining the MCID for the Chronic Respiratory Questionnaire and the Chronic
Heart Failure Questionnaire.

Anchor-based methods. As the name implies, this method requires the use of an
“anchor,” which typically is a question or set of questions designed to compare the
patient’s judgment of degree of change in a variable (e.g., a rating of health status)
that is logically associated with the change. The anchor can either be individual-
focused (single anchor) or population-focused (multiple anchors). Both approaches
require that the anchor by itself is interpretable and that the anchor is related to
symptoms. An example of the single-anchor method might be an item stating,
“Compared with your last treatment, how do you rate your symptom now?” with
possible response options of “better,” “no change,” or “worse.” The average
symptom score that falls into each value of this item constitutes an MCID. This
strategy is consistent with approaches used in developing MCIDs for the Chronic
Heart Failure Questionnaire [42]. For the multiple-anchor method, this procedure
can be extended by using candidate variables such as disease severity, disease
progression, response to treatment, or treatment discontinuation.

Using cut points to determine treatment responders. Categorizing symptoms as
mild, moderate, or severe may be useful for interpreting clinically significant changes
in symptom levels in the clinic and in determining the amount of change that
constitutes a response to treatment in a clinical trial. Serlin et al. [43] showed how
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cancer “pain at its worst” measured on a 0—10 NRS can be categorized into mild
(1-4), moderate (5, 6), or severe (7-10) levels using cut points determined by
multivariate analysis of variance. Previous studies have shown that patients whose
pain is moderate to severe (i.e., 5 or greater on the 0—10 NRS) report significantly
greater pain-related interference with function than do patients with mild or no pain.
The derivation of cut points has also been applied to fatigue using the 0—10 NRS
scale of the Brief Fatigue Inventory. Several researchers have employed this
methodology using “average pain” rather than “pain at its worst” and with non-
malignant disease conditions (e.g., diabetic neuropathy [44], low back pain [45]).
Cut-point-defined categories such as mild, moderate, and severe are a simple way for
clinicians to assess patient symptoms within the practice setting.

This cut-point method can also be used to compare treatment groups in clinical
trials [46, 47]. For example, a responder can be defined as a patient whose “pain at
its worst” changed from moderate or severe at intake to none or mild at follow-up
after an intervention.

Feasibility and Utility of Incorporating PRO in Different
Cancer Cohorts

This section discusses the feasibility and added benefit of including PRO objectives
specifically the MDASI, presented earlier in this chapter, in evaluating the toxicity
of treatment and understanding symptom trajectory over the treatment period. The
patient cohorts include lung, hematological and head and neck cancers receiving
various cancer treatments.

Symptom severity is predictive of the development of radiation-induced pneu-
monitis. In a study of 152 patients with non-small cell lung cancer treated with
concurrent chemoradiation, the MDASI was administered before the start of chemo-
radiation and then weekly up to 6 months after therapy was completed. After con-
trolling for the effects of sex, age, and radiation dose/volume, the authors found that
increases in the severity levels of shortness of breath and coughing were associated
with high-grade radiation-related pneumonitis at 6 months after therapy completion
[48]. In short, concurrent chemoradiation therapy for locally advanced non-small
cell lung cancer was found to be associated with the development of clinically
significant radiation-related pneumonitis.

Symptom severity and symptom interference predict survival in advanced lung
cancer. In a study in which we followed 94 patients with advanced-stage non-
small cell lung cancer, we collected symptom data with the MDASI before and after
the first cycle of chemotherapy [49]. We found that moderate to severe levels of
cough (ratings >5 on a 0-10 scale) at baseline predicted poor overall survival. In
addition, increases in fatigue and shortness of breath from baseline to the end of the
first chemotherapy cycle predicted poor overall survival. In a separate cohort of
patients with advanced-stage non-small cell lung cancer, we found that patient-
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reported symptom interference with daily activities, as measured by the MDASI,
added prognostic information to Eastern Cooperative Oncology Group performance
status and cancer stage in the prediction of overall survival [50].

Symptom burden in hematopoietic stem cell transplantation recipients. We
used the blood and marrow transplantation module of the MDASI (i.e., MDASI-
Bone Marrow Transplantation) in 192 patients who had undergone hematopoietic
stem cell transplantation to assess symptom severity and symptom interference with
daily activities. Data were collected at 20 time points from the day of stem cell infu-
sion to 100 days after hematopoietic stem cell transplantation. Symptom severity
and symptom interference with daily activities were calculated using the arithmetic
average of MDASI-Bone Marrow Transplantation items for symptom severity or
symptom interference with daily activities. Those who had acute graft-versus-host
disease (GVHD) had higher symptom severity and greater symptom interference
with daily activities than patients without GVHD [51]. Symptoms are initially
expected to increase but will eventually decrease over time. These changes in symp-
toms can be reliably and validly measured using MDASI-Bone Marrow
Transplantation. It is worth noting the commonality between GVHD and immuno-
therapy. GVHD is one of the major complications of allogeneic hematopoietic stem
cell transplantation [52]. For both GVHD and immunotherapy, symptoms are
reported because of the immune response.

We have also shown that long-term collection of symptom data is feasible. In
a study of patients with chronic myeloid leukemia, symptoms were assessed via
MDASI-Chronic Myeloid Leukemia every 2 weeks for 1 year using an interac-
tive voice response system. Compliance was excellent: 80% of patients com-
pleted at least 50% of assessments and 51% of patients completed 80% of the
assessments [53].

Symptom burden in patients with head and neck cancer. In a prospective study
[54], we examined the pattern of patient-reported symptoms during radiation therapy
and concurrent chemotherapy for patients with head and neck cancer so that future
symptom interventions and clinical investigations could be more effectively designed.
A cohort consisting of 149 patients completed the head and neck module of the
MDASI weekly during the course of radiation therapy-based treatment. Overall symp-
tom severity (p < 0.001) and symptom interference with daily activities (p < 0.001)
became progressively worse over the treatment course and were worse for those
receiving concurrent chemotherapy (p < 0.001). Fatigue, drowsiness, lack of appetite,
mouth and throat mucus, and problems tasting food were more severe for those receiv-
ing concurrent chemotherapy. By the end of 67 weeks of treatment, about 67% of
patients experienced high symptom burden. Multivariable analysis showed that low
patient baseline performance status and receipt of concurrent chemotherapy were
associated with increased symptom burden. In conclusion, the study identified the pat-
tern of both local and systemic symptoms, and the degree of symptom interference
with daily activities was temporally distinct, marked by increased magnitudes and
shifts in individual symptom rankings, as well as identifiable symptom clusters.
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While there are multiple ongoing clinical trials that are testing the safety and effi-
cacy of immunotherapy either singly or in combination with other forms of therapy,
patient-reported symptom data related to new immune-based oncology treatments
are lacking. Although a few studies [55, 56] reported HRQOL associated with
immunotherapy, symptom-focused PRO is more relevant owing to its proximity to
the effects of immunotherapy. A recent study by Bordoni et al. [57] did use the
EORTC-QLQ-C30 that includes many symptoms as a PRO measure. However, the
frequency of assessments may not lend itself to precise symptom tracking. In
Bordoni et al. study, PROs were collected on day 1 of every cycle up to the end of
treatment visit. Weekly PRO assessments up until the first restaging may provide
useful data. As presented later in this chapter, PRO assessments do not have to coin-
cide with clinic visits but can be accomplished through various modes of adminis-
tration. This frequent assessment is vital for clinicians because it allows tracking of
the patient’s ability to tolerate the intended oncologic therapies and allows for
improved patient-centered care [58]. Because the FDA is also concerned on how
cancer patients feel and function, in addition to prolonging survival of cancer
patients, the role of symptom PRO is even more critical in drug development espe-
cially for newer immunotherapeutic agents. However, the lack of symptom data
collected rather frequently over time for patients undergoing treatment with immu-
notherapy hinders our understanding of these changes in symptoms and their asso-
ciated interference with daily functions.

PRO in patients in early-phase trials. In 52 patients with advanced cancer
enrolled in a phase I clinical trial of the first-in-human true human monoclonal
antibody, MABp1, patients completed the European Organization for Research
and Treatment of Cancer Quality of Life Questionnaire, a PRO measure, at
three time points over the course of the trial [59]. The PRO measure was able
to capture longitudinal changes in symptoms over time. PRO assessments at
baseline and week 8 showed significant improvements on day 1 of cycle 3 in
social (p = 0.042), emotional (p = 0.032), and role function scores (p = 0.006).
Fatigue (p = 0.0084), pain (p = 0.025), and appetite loss (p = 0.020) also
improved. Patients reported a significant improvement in global quality-of-life
scores, from 4.8 to 5.4 (p = 0.021). These results indicate that PRO changes can
be observed in patients in phase I clinical trials undergoing treatment with
monoclonal antibodies.

In a recent cross-sectional study, George et al. [60] explored symptom patterns
and patient clusters based on symptom severity and examined associated factors.
The researchers approached 248 patients in phase I clinical trials and only two
patients declined to participate. Patients in a phase I clinical trial reported less
dyspnea (p < 0.001) and vomiting (p < 0.029) than did patients who were not
enrolled, but the patient groups did not differ in terms of other symptoms. The
researchers also assessed the relationships among sleep quality, symptom burden,
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and mood in patients with advanced cancer who were enrolled in early-phase clinical
trials. Results showed that sleep quality was poor among most patients, and poor
sleep was associated with an increased likelihood of high symptom burden and
symptom-related interference with daily activities.

Feasibility of obtaining multiple baseline symptom assessments and frequent
assessments in patients in phase I clinical trial settings. In a recent study of
cancer patients enrolled in phase I clinical trials at MD Anderson [61], 37 patients
receiving immunotherapy were assessed daily for about 2 weeks before beginning
treatment and twice per week for 4-6 weeks before the end of cycle 2 or disease
progression. Patients were given the option to respond on paper, through an interac-
tive voice response system, or electronically through web-based platforms. Most
patients preferred responding electronically. With 15 potential maximum baseline
assessments, the mean was 10.2 and the standard deviation was 2.8. The median
number of baseline assessments was 11 with a mode of 12 from 8 patients. With 22
potential maximum on-treatment assessments, the mean was 11.8, standard devia-
tion 6.1, median 13, and mode 15.

Mode of PRO Administration

With technological advancement, there are many options to collect PRO data.
Patient reports can be obtained either via the use of interactive voice response
system or various web-based version of data collection. A major advantage of these
various options is the ability to collect more frequent and real-time assessment and
without having the need for the patient to be in the clinic or hospital. In addition,
missing data is minimized which is critically important in longitudinal studies.

Potential Issues in the Incorporation of PRO
in Immunotherapy Studies

Issues of practicability, ease of administration, level of patient (assessment) burden,
and interpretability are critical factors to consider in considering the use of PRO in
immunotherapy studies. Immunotherapy is known to prolong survival in many
cases, but the patient’s experience and function with this survival benefit is less
clear. PRO focusing on symptom burden will improve understanding of the impact
of immunotherapy. Many symptom measures are available to suit a variety of needs
but require critical thinking about how they will be used. We can ask similar ques-
tions to those used for other treatment modalities. Will the treatment reduce symp-
toms that are present (e.g., shortness of breath in lung cancer) or prevent symptoms
normally expected to occur (e.g., neuropathy from certain cancer treatments)? Will
the treatment have rapid effects on symptoms, requiring repeated assessments over
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a short period, perhaps daily or three times per week? Or will the treatment have
more gradual effects on the symptom, such as the pain reduction associated with
palliative radiotherapy? If the effects on symptoms are rapid, repeated use of a brief
and easily administered symptom measure is probably the best choice, whereas if
symptoms change more gradually, assessment should be less frequent and might
include additional symptom items.

Selection of symptom items for assessment in immunotherapy poses another
challenge. Many symptom measures, including the MDASI, were further improved
by including items specific to the disease or treatment. For example, the head and
neck module of the MDASI included items such as difficulty swallowing and prob-
lems with mouth sores to underscore the nature of the cancer affecting the head and
neck region. However, a comprehensive list of symptoms associated with immuno-
therapy has yet to be uncovered. Although the list of immune-related adverse events
provides a good indication of the symptomatic effects of immunotherapy, we need
to ask the patients themselves via qualitative interviewing, a well-accepted approach
favored by regulatory agencies.

Conclusions

We have discussed how symptom or collectively symptom burden is more proxi-
mal to the effect of the disease and treatment compared to the more general
health-related quality of life. In developing or even using symptom measures, we
need to be cognizant of the desirable properties of a psychometrically valid
symptom assessment tool. We reviewed available symptom assessment tools
focusing first singly on pain and fatigue and then emphasizing the need for a
multisymptom assessment because cancer and its treatment produce multiple
symptoms. We described two main methods in deriving minimally important
difference, anchor-based and distribution-based methods, to help in the interpre-
tation of PRO data.

We have shown the importance of symptom assessment. It can no longer be
argued that we cannot use patient report to represent patients’ symptoms with a
relatively high degree of precision or to meet the standards of “assay sensitivity”
that are expected of standard clinical assessments and laboratory tests. Changes
in symptom status as measured by patient report are critical for clinical care and
for implementation of clinical guidelines for symptom control. Quality assurance
and clinical effectiveness research increasingly demand assessment of symptom
status as a representation of what the patient experiences in a clinical trial or
clinical encounter.

Finally, we described the utility of incorporating PROs in several cancer cohorts,
discussed the current use of PROs in immunotherapy and identify areas where fur-
ther research is needed to enhance the use of PROs in cancer patients undergoing
immunotherapy. With the emergence of immunotherapies, regulatory agencies such
as the FDA are increasingly interested not only in prolonging survival of cancer
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patients but also in how these patients feel and function while undergoing cancer
treatment. Understanding patient’s experiences is best accomplished by directly
asking them about their symptoms with the use of PRO. Many studies involving the
use of immunotherapeutic agents have started to incorporate PRO in the study
design. However, many of these studies are still in their infancy. Many issues
involved in symptom assessment have yet to be resolved, such as frequency of
administration and adequacy of the chosen symptom list to cover both known and
unknown effects of immunotherapy. These areas offer a potentially rich agenda for
future research.
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