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Glucocorticoid-induced tumour necrosis factor receptor
Granulocyte—macrophage colony-stimulating factor
Good Manufacturing Practice
Gynecologic Oncology Group
Glycoprotein 100

Glypican 3

Grade

Genomically stable

Genitourinary

Highly active antiretroviral therapy
Hepatitis B virus

Hepatocellular carcinoma

Histone deacetylase inhibitor
Hypoxia-inducible factor 1

Human immunodeficiency virus
Hodgkin lymphoma

Human leukocyte antigen

Head and neck squamous cell carcinoma
Human papillomavirus

Hazard ratio

High-resolution computed tomography
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HRT
im.

i.v.

I1C

ICB
ICI
ICOS
Id

IDO
IFG-1R
IFN
IFNGR
IFN-a
IFN-y
Ig

IHC

IL
IL13Ra2
IL-7R
10

Ipi
IPRES
irAE
iRECIST

IRF
IRF1
irRC
ITT
JAK
KIR

LA
LAG-3
LCNEC
LDH
LN
mAb
MAGE-A

Hormone replacement treatment
Intramuscular

Intravenous

Immune cell

Immune checkpoint blockade
Immune checkpoint inhibitor
Inducible T cell co-stimulator
Idiotype

Indoleamine 2,3-dioxygenase
Insulin-like growth factor-1 receptor
Interferon

IFN-y receptor

Interferon-alpha

Interferon-gamma

Immunoglobulin
Immunohistochemistry

Interleukin

Interleukin-13 receptor a2
Interleukin-7 receptor
Immuno-oncology

Ipilimumab

Innate anti-PD-1 resistance
Immune-related adverse event
Response Evaluation Criteria In Solid Tumours in
immunotherapy trials

Independent review facility
Interferon regulatory factor 1
Immune-related response criteria
Intention to treat

Janus kinase

Killer cell immunoglobulin-like receptor
Locally advanced
Lymphocyte-activation gene 3

Large cell neuroendocrine carcinoma
Lactate dehydrogenase

Lymph node

Monoclonal antibody
Melanoma-associated antigen genes-A
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MAGE-A3 Melanoma-associated antigen-A3

MALT
MCC
MCPyV
MDSC
MHC
Mic
MMR
mOS
MPM
MPR
MRI
mRNA
MSI
MSI-H
MSKCC
MSLN
MTD
mTOR
MUC
N/A
NASH
NCCN
NCI
NE
NED
NGS
Nivo
NK
NMIBC
NO

NR
NSCLC
NSQ
NY-ESO-1
Obs
OPC
ORR

Mucosa-associated lymphoid tissue
Merkel cell carcinoma

Merkel cell polyomavirus
Myeloid-derived suppressor cell
Major histocompatibility complex
Visceral metastatic disease
Mismatch repair

Median overall survival

Malignant pleural mesothelioma
Major pathological response
Magnetic resonance imaging
Messenger RNA

Microsatellite instability
Microsatellite instability-high
Memorial Sloan Kettering Cancer Center
Mesothelin

Maximum tolerated dose
Mammalian target of rapamycin
Mucin

Not applicable

Non-alcoholic steatohepatitis
National Cancer Center Network
National Cancer Institute

Not evaluated

No evidence of disease
Next-generation sequencing
Nivolumab

Natural killer

Non-muscle invasive bladder urothelial carcinoma
Nitric oxide

Not reached

Non-small cell lung cancer
Non-squamous

New York-oesophageal squamous cell carcinoma-1
Observation

Oropharyngeal cancer

Objective response rate
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(0N
OSCC
PAP
PARP
PBMC
PCD
PCNSL
PD-1
PDGFR
PD-L1
PE
Pembro
PET
PFS
PMBCL
PMED
POLD
POLE
PR
PRO

PS
PTEN
PTL
PTLD
pts

qd

QOL
qXw
R/R

RO
RCC
RECIST
REP
RFA
RFS
RNAseq
RNS
ROC

Overall survival

Oesophageal squamous cell carcinoma
Prostatic acid phosphatase

Poly(adenosine diphosphate-ribose) polymerase
Peripheral blood mononuclear cell
Programmed cell death

Primary central nervous system lymphoma
Programmed cell death protein 1
Platelet-derived growth factor receptor
Programmed death-ligand 1
Platinum/etoposide

Pembrolizumab

Positron emission tomography
Progression-free survival

Primary mediastinal large B cell lymphoma
Particle-mediated epidermal delivery
Polymerase D

Polymerase E

Partial response

Patient-reported outcome

Performance status

Phosphatase and tensin homologue
Primary testicular lymphoma
Post-transplant lymphoproliferative disorder
Patients

Once daily

Quality of life

Every X weeks

Relapsed/refractory

No tumour at the margin

Renal cell carcinoma

Response Evaluation Criteria In Solid Tumours
Rapid expansion protocol

Radiofrequency ablation

Recurrence-free survival

RNA sequencing

Reactive nitrogen species

Receiver operating characteristic
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Rova-T
RP2D
RR

RS

RT
RTOG
RT-PCR
S.C.
SBRT
SCCC
scFv
SCLC
SD
SLP
SoC
SOM
SQ
STAT
TAA
TACE
TAM
TAP
TC
TCGA
TCHRBCL
TCR
Terr
TERT
TGF
TIGIT

TIL
TIM-3
TKI
TLR
TLS
TMA
TMB

Rovalpituzumab tesirine

Recommended phase II dose

Response rate

Reed-Sternberg

Radiotherapy

Radiation Therapy Oncology Group

Reverse transcription polymerase chain reaction
Subcutaneous

Stereotactic body radiotherapy

Squamous cell carcinoma of cervix

Single chain fragment of variable region

Small cell lung cancer

Stable disease

Synthetic long peptide

Standard-of-care

Sum of measurement

Squamous

Signal transducer and activator of transcription
Tumour-associated antigen

Transcatheter arterial chemo-embolisation
Tumour-associated macrophage

Transporter associated with antigen processing
Tumour cell

The Cancer Genome Atlas

T cell-rich, histiocyte-rich large B cell lymphoma
T cell receptor

Effector T cell

Telomerase reverse transcriptase

Transforming growth factor

T cell immunoreceptor with immunoglobulin and
inhibitory motif

Tumour infiltrating lymphocyte

T cell immunoglobulin and mucin domain 3
Tyrosine kinase inhibitor

Toll-like receptor

Tumour lysis syndrome

Tissue micro-array

Tumour mutation burden

Abbreviations

XXXi



TME
TNF
TNFSFR
T-NHL
TNM
TP
TPS
trAE

reg
TTP
T-VEC
UuC
UPD
US
Uv
VEGF
VEGFR
VISTA
WCLC
WES
WHO

Tumour microenvironment
Tumour necrosis factor

TNF superfamily receptor

T cell non-Hodgkin lymphoma
Tumour Node Metastasis
Timepoint

Tumour proportion score
Treatment-related adverse event

T regulatory cell

Time to progression

Talimogene laherparepvec
Urothelial carcinoma

Unconfirmed progressive disease
United States

Ultraviolet

Vascular endothelial growth factor
Vascular endothelial growth factor receptor
V-domain immunoglobulin suppressor of T cell activation
World Conference on Lung Cancer
Whole-exome sequencing

World Health Organization
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Preface

Immuno-oncology is a rapidly evolving field. Within just a few years,
immunotherapy has been approved as an important treatment option
for patients across many cancer types. It is likely that we are still at the
beginning of this revolution, which is changing the lives of our patients.
Never before has a new treatment paradigm had such an impact on
survival — even for cancer types that seemed incurable, we now see
long-term remission extending to the metastatic setting.

I see immunotherapy moving in several directions. First, combination
therapies are being studied in several clinical trials over many disease
types. In order to be successful, we need to understand the defects

in the tumour microenvironment that need to be overcome by the
therapy, requiring in-depth and large-scale biomarker research. Second,
immunotherapy is moving from the palliative to the curative setting,
resulting in more patients being treated.

In this handbook, specialists in the field have covered many aspects of
immuno-oncology, from basic immunology to the current state-of-the-art
clinical immunotherapy in different disease types, including management
of immune-related toxicities. This comprehensive overview provides

a strong base to understand the theory, mechanisms of action, clinical
developments and the future of immuno-oncology, and, therefore, is a
‘must read’ for any professional involved in the care of cancer patients.

John B.A.G. Haanen, MD PhD
The Netherlands Cancer Institute,
Amsterdam, Netherlands
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Definition

Immune checkpoint molecules are key modulators of the anti-tumour T
cell immune response. They are present on T cells, antigen-presenting
cells (APCs) and tumour cells; their interaction activates either inhibi-
tory or activating immune signalling pathways. Examples of inhibitory
immune checkpoints shown to induce a negative signal to T cells are:

= Cytotoxic T-lymphocyte antigen 4 (CTLA-4, also known as CD152)
= Programmed cell death protein 1 (PD-1, also known as CD279)

= Lymphocyte-activation gene 3 (LAG-3)

T cell immunoglobulin and mucin domain 3 (TIM-3)

= V-domain immunoglobulin suppressor of T cell activation (VISTA)

Inhibitory immune checkpoints play a vital role in maintaining immune
self-tolerance. Indeed, negative co-stimulatory signals help to prevent
T cells from showing autoimmune reactions.

On the other hand, co-stimulatory immune checkpoints have been shown
to enhance T cell expansion and survival. Examples are:

= CD40

= 0X40 (also known as CD134)



= 4-1BB (also known as CD137)

= Glucocorticoid-induced tumour necrosis factor (TNF) receptor
(GITR)

= Inducible T cell co-stimulator (ICOS, also known as CD278)

Other intracellular metabolic pathways play a critical role in the activation
of immune cells and could, by extension, be considered as immune check-
points. For instance, in tumour cells and myeloid cells, indoleamine 2,
3-dioxygenase (IDO) and arginase are key enzymes which, by depleting
amino acids, can inhibit the effector functions of T cells. However, we
will focus here on immune checkpoint molecules: membrane-expressed
receptors and ligands, which determine, at the level of the intercellular
synapse, if an immune cell becomes activated or inhibited. We will also
concentrate on immune checkpoints involved in the activation of T cells,
as they are of current clinical interest. However, other immune check-
points play a critical role for the modulation of other subsets of immune
cells (e.g. CD40 for B cells).

Immune Synapse
Immune Recognition of Tumour Antigens by T Cells

During the priming phase of anti-tumour immunity, tumour antigens are
presented to T cells via APCs, such as dendritic cells (DCs) or mac-
rophages. The specificity of T cell activation against a tumour antigen
relies on the cognate recognition of the antigen presented by the major
histocompatibility complex (MHC) proteins on the surface of APCs and
the T cell receptor (TCR). During the effector phase of the anti-tumour
immune response, primed T cells will recognise the tumour antigens
presented by MHC molecules expressed by the tumour cells. CD8* and
CD4* T cells can recognise peptides presented by MHC-I and MHC-
IT molecules, respectively. This TCR/MHC interaction provides the first
signal for T cell activation (signal 1).
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Co-stimulatory Molecules

The activation of a T cell also requires a second signal, provided by co-
stimulatory molecules. The first co-stimulatory molecules historically
identified belong to the immunoglobulin B7 superfamily. CD80 (also
known as B7.1) and CD86 (also known as B7.2) are expressed at the
surface of either APCs or cancer cells, and act as activating ligands of the
co-stimulatory receptor CD28 expressed on the surface of T cells (signal
2). More recently, other co-stimulatory immune checkpoints have been
described, such as OX40 (CD134), 4-1BB (CD137) or GITR (CD357).
These TCRs belong to the TNF superfamily receptors (TNFSFRs) and
their activation enhances T cell survival and effector functions. From
the same family, CD40 is expressed on APCs and amplifies T cell acti-
vation by increasing antigen presentations. Interestingly, co-stimulatory
molecules are also highly expressed on immunosuppressive regulatory
T cells (T,,). The activation of T, favours immune self-tolerance.
Defective T, have been associated with autoimmune disorders, while
intratumoural T, have been associated with a worse prognosis in many
cancers.

Co-inhibitory Receptors

Upon T cell activation, negative feedback loops can prevent overstimula-
tion of self-reactivity. Like the CD28 receptor structure, but with oppo-
site effects, the co-inhibitory receptor CTLA-4 has been shown to bind
to CD80 and CD86 with a much higher affinity than CD28, delivering
inhibitory signals to T cells and therefore blocking T cell activation. The
membrane expression of CTLA-4 is mostly found on CD4* T cells, nota-
bly T, (Figure 1). Upon activation, the PD-1 receptor can be upregu-
lated on T cells and can interact with two ligands: programmed death-
ligand 1 (PD-L1) (also known as B7H1 or CD274) and PD-L2 (also
known as B7DC or CD273). Once bound to its ligands, PD-1 confers a
negative signal to effector T cells, thereby inhibiting their cytotoxic func-
tions. CTLA-4 and PD-1 are usually highly expressed on intratumoural
T cells and their stimulation is thought to contribute to the overall inhibi-
tion of anti-tumour T cells.
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Figure | Evolution of CTLA-4 and PD-1 immune checkpoint expression in the
immune response.

From Pardoll DM. The blockade of immune checkpoints in cancer immunotherapy. Nat Rev Cancer 2012;
12:252-264. Reprinted with permission of Nature/Springer/Palgrave. Copyright ©2012.
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(@) The CTLA-4-mediated immune checkpoint is induced inT cells at the time of their initial response to antigen.

The level of CTLA-4 induction depends on the amplitude of the initial T cell receptor (TCR)-mediated signalling.
High-affinity ligands induce higher levels of CTLA-4, which dampens the amplitude of the initial response. After the
TCRIis triggered by antigen encounter, CTLA-4 is transported to the cell surface. Therefore, CTLA-4 functions as
a signal dampener to maintain a consistent level of T cell activation.

(b) By contrast, the major role of the PD-| pathway is not at the initial T cell activation stage but rather to regulate
inflammatory responses in tissues by effector T cells recognising antigen in peripheral tissues. Inflammatory signals
in the tissues induce the expression of PD-| ligands. IFN-y is predominantly produced by T helper | (T,,I) cells.
Excessive induction of PD-1 onT cells in the setting of chronic antigen exposure can induce an exhausted or
anergic state in T cells.

Abbreviations: CTLA-4, cytotoxic T-lymphocyte antigen 4; DC, dendritic cell; IFN, interferon; MHC, major histocompatibility complex;
PD-1, programmed cell death protein |; PD-L1/2, programmed death-ligand 1/2,TCRT cell receptor:

Immune Checkpoint-targeted Therapies

The scientific rationale that anti-tumour T cells could be blocked in their
functions by co-inhibitory receptors led to the idea of designing antago-
nistic antibodies to dampen the CTLA-4/B7 and PD-1/PD-L1/2 interac-
tions, and unleash the effector signals on T cells either at the priming or
effector phases. This idea has been a major paradigm shift in the strategy
to treat cancers, where instead of designing tumour-targeted therapies, we
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would now design immune-targeted therapies in order to break the cancer
immune tolerance, restoring T cell recognition against tumour cells.

Technical Procedures

As opposed to chemotherapies (ChTs) and tumour-targeted therapies,
which aim to directly destroy cancer cells, immune checkpoint-directed
therapies bind lymphocyte ligands or receptors to enhance the lympho-
cyte activation and allow a cytotoxic anti-tumour immune response.
The first immune checkpoint-targeted therapies developed in the clinic
were humanised or fully human monoclonal antibodies selected for their
antagonistic properties against immune checkpoints such as CTLA-4,
PD-1 and PD-L1. They have demonstrated promising clinical activity in
more than 30 different cancer types in early phase trials. Patients with a
tumour response share a common feature: their response is more durable
than has been observed to date with ChTs and tumour-targeted therapies.
This durability of tumour response has translated into significant overall
survival (OS) benefits in several phase III clinical trials. Another char-
acteristic of these drugs is their safety profile: they can trigger autoim-
mune and inflammatory toxicities in patients, so-called immune-related
adverse events (irAEs).

Different isotypes have been used so far in the clinic (Table 1). These
antibodies usually have a long half-life and are usually infused intra-
venously (i.v.) with varying intervals of administration. Anti-PD-1 and
anti-PD-L1 antibodies were initially developed on weight-based dos-
ing. However, results from several clinical trials have shown no corre-
lation between dose, efficacy and toxicity for anti-PD-(L)1, and most
compounds are now developed with a flat dose, sufficient to saturate
the target. For the anti-CTLA-4 antibody ipilimumab, there was no
dose-limiting toxicity (DLT) identified in early phase trials. However,
a recent randomised study in patients with metastatic melanoma (MM)
has shown that ipilimumab was more active and more toxic at 10 mg/kg
than the approved dose of 3 mg/kg. This dose—efficacy relationship of
ipilimumab currently raises questions about the mechanism of action of
anti-CTLA-4 antibodies and the optimal dose to be used when combined
with anti-PD-(L)1 antibodies.
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Table | First Generation of Immune Checkpoint-targeted Monoclonal Antibodies

Target Name Isotype
Anti-CTLA-4 Ipilimumab lgGl
Tremelimumab 18G2
Anti-PD- | Nivolumab eG4
Pembrolizumab 1sG4
PDROOI lgG4
Anti-PD-L| Atezolizumab Femut’ 1gGl
Durvalumab Fc mut IgGl
Avelumab 1gGl

“Fc mut: antibodies which have been mutated in their Fc part in order to avoid Fc receptor activation and antibody-dependent
cellular cytotoxicity (ADCC).

Abbreviations: CTLA-4, cytotoxic T-ymphocyte antigen 4; Ig, immunoglobulin; PD- |, programmed cell death protein |;

PD-LI, programmed death-ligand 1.

New antibodies targeting inhibitory immune checkpoints such as LAG-3,
T cell immunoreceptor with immunoglobulin and inhibitory motif
(TIGIT), VISTA and TIM-3, and co-stimulatory checkpoints such as
0X40, CD40, 4-1BB, GITR and ICOS are currently being evaluated.

Predictive and/or Prognostic Biomarkers of

(Potential) Clinical Relevance
PD-LI Staining

The tumoural expression of PD-L1, assessed by immunohistochemistry
(IHC) staining, has been identified as a biomarker associated with a higher
chance of tumour response in patients treated with anti-PD-L1 antibodies
and a better OS in multiple tumour types. The PD-L1 status of a tumour
relies both on the IHC staining kit and the scoring methods. Because of
the heterogeneity of assays, there is no consensus on a cut-off defining
a PD-L1-high tumour. PD-L1 can be expressed either constitutively via
an oncogenic pathway or induced by inflammatory cytokines such as
interferon-gamma (IFN-y) (Figure 2). IFN-y can also lead to the upregula-
tion of PD-L1 at the surface of any cell in the tumour microenvironment,
and activated T cells could be double-positive for PD-1 and PD-LI.
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Figure 2 Expression of PD-LI on tumour cells.

From Pardoll DM. The blockade of immune checkpoints in cancer immunotherapy. Nat Rev Cancer 2012;
12:252-264. Reprinted with permission of Nature/Springer/Palgrave. Copyright ©2012.
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(a) In some tumours, constitutive oncogenic signalling can upregulate PD-L| expression on all tumour cells,
independently of inflammatory signals in the tumour microenvironment. Activation of the Akt and signal
transducer and activator of transcription 3 (STAT3) pathways has been reported to drive PD-LI expression.

(b) In some tumours, PD-LI is induced in response to inflammatory signals. Adaptive induction may be a common
mechanism for the expression of multiple immune checkpoint molecules in tumours.

Abbreviations: IFN, interferon; MHC, major histocompatibility complex; PD- |, programmed cell death protein |; PD-LI, programmed
death-ligand I; STAT, signal transducer and activator of transcription; TCR T cell receptor.

Pembrolizumab is, at present, the only anti-PD-1 antibody to be approved by
the Food and Drug Administration (FDA) for a selected population of PD-
L1-positive patients in non-small cell lung cancer (NSCLC) and gastric cancer.

Inflammatory Tumours and CD8* T cells

In several tumour types, tumours with IFN-y gene expression profile and
a high level of tumour-infiltrative CD8* T cells have better responses and
survival following anti-PD-(L)1 therapy.

Mutational Load

Tumours with a high mutational load have been correlated with OS ben-
efits following treatment with ipilimumab in MM, with pembrolizumab
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in NSCLC and with atezolizumab in bladder cancers. It is currently
believed that a high tumour mutation burden (TMB) yields numerous
immunogenic cancer cell neo-epitopes, that may be recognised by
T cells upon presentation by MHC molecules. However, the TMB seems
to be a prognostic marker independent of the intratumoural inflammatory
gene expression profile. The assessment of TMB is currently evaluated
from either tumour samples or circulating tumour DNA.

Mismatch Repair Status

Tumours with DNA mismatch repair deficiency ({AMMR )/microsatellite
instability-high (MSI-H) have shown great sensitivity to anti-PD-(L)1
therapies. It is currently believed that tumours harbouring an erroneous
MMR system will accumulate DNA mutations, which can lead to the
presence of high levels of mutation-associated neoantigens, most recog-
nised by immune cells. Tumours identified as having a dIMMR/MSI-H
status are eligible for treatment with pembrolizumab in the USA.

Blood Biomarkers

A high neutrophil to lymphocyte ratio has been associated with poor
outcomes in patients treated with ipilimumab and anti-PD-(L)1 therapy
across different tumour types. High levels of serum lactate dehydroge-
nase (LDH) or soluble CD25 have been associated with poor prognosis,
although none is currently used in the clinic.

Microbiota

In preclinical models, the gut microbiota has been identified as a key
modulator of the immune system by enhancing T cell activation and
infiltration into tumours. The impact of the gut microbiome on anti-PD-
(L)1 efficacy remains to be demonstrated in humans, but is currently
under active investigation.

Clinical Results

Immune checkpoint-targeted therapies have received FDA approvals in
ten tumour types or categories of cancer between 2011 and 2017: MM,
NSCLC, renal cell carcinoma (RCC), urothelial cancers, head and neck
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squamous cell carcinoma (HNSCC), Hodgkin lymphoma (HL), Merkel
cell carcinoma (MCC), hepatocellular carcinoma, gastric cancer and a
range of MSI-H cancers.

Anti-CTLA-4

The only anti-CTLA-4-blocking antibody that has received FDA approval
is ipilimumab in MM patients, first as monotherapy in 2011, and in combi-
nation with nivolumab in 2015. Approval was based on the pivotal data of
the CheckMate 067 trial, with an objective response rate (ORR) of 72.1%
with nivolumab plus ipilimumab versus 21.3% with ipilimumab alone
and statistically significant updated OS results for the combination ver-
sus ipilimumab (not reached [NR] versus 19.9 months in the ipilimumab
group). Similarly, first-line combination therapy with nivolumab and ipil-
imumab has recently demonstrated clinical benefit in patients with previ-
ously untreated advanced or metastatic RCC. Results from the phase III
CheckMate 214 trial showed significant improvement in OS (NR versus
26 months) and progression-free survival (PFS) (11.6 months versus 8.4
months) compared with sunitinib in intermediate- and poor-risk patients
with metastatic RCC. In advanced NSCLC, the phase I CheckMate 012
trial showed significant clinical benefit for this combination, with an over-
all response in up to 47% of the patients; a phase III trial (CheckMate
227) is currently ongoing to confirm these results. This combination is
also currently being evaluated in patients with unresectable pleural meso-
thelioma, in the CheckMate 743 study. In patients with advanced MM
and patients with relapsed malignant mesothelioma, tremelimumab failed
to demonstrate significant survival benefits compared with standard-of-
care (SoC) ChT and placebo, respectively. Recently, the combination of
durvalumab and tremelimumab did not reach the PFS outcome primary
endpoint in the MYSTIC study in first-line treatment for patients with
metastatic NSCLC, while the OS analysis is still pending.

Anti-PD-|

Nivolumab was first approved for patients with MM (CheckMate 066
and CheckMate 037) and for adjuvant therapy of resected stage III mela-
noma (CheckMate 238). Nivolumab is approved for patients with squa-
mous (CheckMate 017) and non-squamous (CheckMate 057) NSCLC,
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RCC (CheckMate 025), HNSCC (CheckMate 141), urothelial carcinoma
(CheckMate 275), AMMR metastatic colorectal cancer (CheckMate 142)
and classical HL after failure of first-line therapies. Treatment in patients
with HL must follow relapse after autologous haematopoietic stem cell
transplantation and post-transplantation brentuximab vedotin (Check-
Mate 205 and CheckMate 039). Most surprisingly, in NSCLC, nivolumab
failed to demonstrate its superiority over ChT in the randomised phase
III study CheckMate 026, in first-line treatment of patients with tumours
with PD-L1 tumour expression 25%. Of note, there was imbalance in
terms of TMB level between the two therapeutic arms, which could have
contributed to this negative result. Indeed, patients with a high TMB
showed a higher ORR and PFS when treated with nivolumab compared
with ChT, and the inverse was shown in patients with low TMB. Inter-
estingly, there was no correlation between the level of tumour PD-L1
expression and TMB.

Like nivolumab, pembrolizumab has been approved as second-line treat-
ment of refractory/relapsing MM, NSCLC (with PD-L1 >1%), HNSCC,
classical HL, urothelial carcinoma and any solid tumour expressing
MSI-H status. In previously untreated advanced or metastatic NSCLC,
pembrolizumab has been approved for patients harbouring PD-L1
expression on at least 50% of tumour cells, with an ORR of 44.8% versus
27.8% in the ChT group, from the pivotal phase IIIl KEYNOTE-024 trial.
Also, the combination of pembrolizumab with carboplatin and peme-
trexed is now a SoC for patients with metastatic NSCLC, irrespective
of PD-L1 expression, based on the results of the KEYNOTE-021 study
(ORR 55% versus 29%). Pembrolizumab has also been approved as
first-line treatment of cisplatin-ineligible urothelial carcinoma patients,
thanks to the results of KEYNOTE-052 (ORR of 29%).

Anti-PD-LI

Anti-PD-L1-blocking antibodies have also been approved in certain
other tumour types, such as advanced bladder carcinoma for durvalumab
and atezolizumab, based on the results of the phase IIl DANUBE and
phase II IMvigor 210 trials, respectively. In patients with metastatic
NSCLC, atezolizumab has been approved based on the results of the
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phase II POPLAR and phase III OAK trials with OS of 12.6 months
versus 8.9 months for second-line treatment. Recently, durvalumab has
shown statistically significant improvement in PFS (16.8 months versus
5.6 months) after chemoradiotherapy in patients with locally advanced
NSCLC (PACIFIC trial). A third anti-PD-L1 agent, avelumab, was
approved in 2017 as both second-line treatment of metastatic urothelial
carcinoma and first-line treatment of metastatic MCC.

Potential Future Developments

Because tumour-targeted therapies mostly confer improvements in PFS,
and immune checkpoint-targeted therapies seem to provide greater OS
benefits (at least for metastatic disease), the combination of the two cat-
egories of agents may significantly improve both survival and durable
responses in many cancer types. Also, the combination of immunothera-
pies is currently investigated in many clinical trials in multiple tumour
types. By boosting the efficacy of the immune system, co-stimulatory
checkpoint agonists could also be of interest to enhance the anti-tumour
response generated by immune checkpoint blockers. The modulation of
innate immune cells with immune checkpoint antibodies, pattern recog-
nition receptor agonists, or oncolytic viruses could also boost the adap-
tive immune system. Another class of antibodies targeting both tumour
cells and T cells (so-called bispecific T cell engager antibodies) is cur-
rently being evaluated and could be of interest in combination with anti-
PD-L1 antibodies.

Although immune checkpoint-targeted antibodies confer long-term
durable responses, a greater understanding of primary and secondary
resistance mechanisms to these agents is key for the future development
of cancer immunotherapy and patient selection.
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1.2 Adoptive T Cell Therapy

[. M. Svane
M. Donia

O. Met

Center for Cancer Immune Therapy-CCIT, Department of Haematology and
Oncology, Herlev Hospital, University of Copenhagen, Denmark

The goal of adoptive T cell therapy (ACT) is to generate a robust
immune-mediated antitumour response through infusion of ex vivo
manipulated T cells. ACT strategies with the aim of utilising T cells
to destroy tumours can be divided into: (1) the isolation of naturally
occurring tumour-specific T cells from existing tumour masses and (2)
the genetic modification of blood-derived T cells to allow for specific
recognition of tumour cells. In both settings, T cells are manipulated
ex vivo followed by an expansion process and eventually infused into the
lymphodepleted patient (Figure 1).

Naturally Occurring Tumour-specific T Cells

Traditional ACT involves the isolation of tumour infiltrating lympho-
cytes (TILs) from tumour tissue, followed by ex vivo massive expan-
sion until enough T cells can be reinfused intravenously into the patient
(Figure 1A). Since strategies based on isolation of tumour-specific
T cells from the blood have so far achieved limited clinical success, this
will not be discussed further here.

TILs constitute a heterogeneous population of cells, including mostly
T cells and natural killer (NK) cells, which may be present in any solid
tumour. Already in the 1980s, it was observed that TILs can recognise
and kill cultured autologous tumour cells in vitro. Direct tumour killing
is mostly mediated by CD8* T cells, present within TILs. Thus, TILs are
generally enriched for tumour-specific T cells, which have penetrated the
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Figure | Different adoptive T cell transfer approaches to harness the immune
system in cancer therapy.
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tumour microenvironment. Most importantly, TILs can recognise several
antigens that are uniquely expressed on the individual patient’s tumour
cells (including neoantigens arising from somatic genetic alterations,
aberrantly expressed cancer/testis antigens, overexpressed self-antigens
and some lineage antigens). Thus, TILs may orchestrate a highly specific
multi-target attack directed towards the individual cancer.

The natural ability of TILs to kill autologous tumours can be exploited
therapeutically with ACT. In its most widespread application, TIL-based
ACT involves the isolation of TILs from tumour tissue of the patient,
followed by massive expansion of unselected TILs and infusion back
into the patient. Before infusion, lymphodepleting chemotherapy (ChT)
is administered to create ‘physical space’ for the high number of TILs.
Following infusion, the immune-stimulating cytokine interleukin-2 (IL-2)
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is administered to the patient to support the survival and continued
expansion of the TILs in vivo.

Briefly, resected tumour tissue is minced or digested and, following 1-3
weeks of in vitro culture in media containing high doses of IL-2, TILs
are released and initially expanded. After the initial expansion, TILs are
expanded massively without any further selection using the rapid expan-
sion protocol (REP) for about 2 weeks, before being infused back to the
patient; typically, around 100x10° cells are infused. Now, a very large
population of expanded TILs is circulating in the peripheral blood of
the patient. The natural capacity of TILs to reach tumour sites and kill
autologous tumour cells is crucial to ensure tumour regression.

This TIL ACT approach has been found to mediate complete and durable
responses in 10%—20% of patients with metastatic melanoma, and can also
yield clinical responses in other selected types of solid tumours. In principle,
any patient with a resectable tumour which contains tumour-reactive T cells
can benefit from this approach, the constraint being the consistent genera-
tion and laborious ex vivo expansion of huge numbers of TILs. Furthermore,
classical TIL ACT comprises intensive treatment regimens with high-dose
conditioning ChT and high-dose IL-2, necessitating hospitalisation for
around 3 weeks. All patients experience grade 3 and 4 toxicity and the treat-
ment centre should be experienced in managing these potentially serious
adverse events. In general, TIL ACT is only offered in one treatment cycle.

Active research is exploring how to improve the efficacy of TIL-based
ACT in melanoma, to extend its efficacy to several other tumour types, as
well as to increase its availability to reference cancer centres.

Genetically Modified T Cells

The approach of using genetically modified T cells is based on the prem-
ise that the antigen specificity of T cells can be manipulated by genetic
engineering to target antigens expressed by tumours. This is especially
valid in situations in which endogenous antitumour reactivity is lacking.
This has been accomplished by transducing T cells with either tumour
antigen-specific T cell receptors (TCRs) or with chimeric antigen recep-
tors (CARs) (Figure 1B).
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TCRs are naturally occurring surface receptors on T cells that can recognise
peptide antigens presented on the surface of host cells by the major his-
tocompatibility complex (MHC)/human leukocyte antigen (HLA) system.

Genetically modified TCR gene therapy has the purpose of altering T cell
specificity through the expression of a new TCR alpha and beta chain pair
that is specific for a tumour antigen (Figure 2A). For this purpose, TCRs
from rare T cells have been identified that are able to recognise naturally
processed and expressed tumour antigens, allowing them to specifically
attack malignant tissue. However, as TCRs bind to peptide/MHC com-
plexes on the surface of tumour cells, the tumour-specific TCRs can only
be used in a patient population that has this specific MHC or HLA allele.

After the isolation and sequencing of these tumour-specific TCRs, they
are cloned into retro- or lentiviral vectors, which can be used to trans-
duce peripheral blood T cells from patients ex vivo, followed by expan-
sion and re-infusion (Figure 1B).

In most cases, tumour antigen-specific T cells targeting self-antigens
isolated from cancer patients are typically of low affinity, because of
the impact of central tolerance to these antigens on the T cell repertoire.
Attempts to overcome this issue have included the:

= Engineering of high-affinity TCRs by affinity maturation

= Generation of murine TCRs by immunising transgenic mice that
express an HLA allele plus human tumour antigen, and

= Isolation of TCRs in an allogeneic setting, in which T cells are
induced in vitro against a foreign HLA—peptide complex, as the rep-
ertoire is not limited by thymic selection

In the first proof-of-principle study using genetically modified TCRs,
T cells from metastatic melanoma patients were transduced with a TCR
directed against HLA-A"0201/MART-1 peptide, which was cloned from
TIL isolated from a resected melanoma lesion of an HLA-A"0201 patient
who had responded to TIL treatment. Sustained objective responses were
demonstrated in a minor proportion of treated metastatic melanoma
(MM) patients with no significant toxicity, and infused TCR-modified T
cells persisted for more than a year. Other trials have subsequently dem-
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Figure 2 Genetically modified T cells.

T Cell Receptor Genetically engineered Chimeric Antigen Receptor
T Cell Receptor

39 generation

2" generation
1% generation

Targeting moiety (scFv)

‘Spacerflinker

Costimulatory domain
l (CD28)
] Costimulatory domain
(4-1BB / OX40)

(CD3{ signalling domain

(A) T cells recognise their target by the TCR complex, which is composed of the TCR o and B chain for recognition
and the CD3 chains for signalling. T cells can be genetically engineered with defined specificity by expression of
recombinant TCR af chains of known specificity.

(B) CARs are composed of an scFv derived from the antigen-binding domain of antibodies, fused to the CD3C
transmembrane and intracellular signalling domains from the TCR complex. Additional intracellular signalling
domains are added for co-stimulatory signals, such as the CD28 and 4-1BB signalling domains, to yield second-
and third-generation CARs.

Abbreviations: CAR, chimeric antigen receptor; scFy, single-chain fragment of variable region;TCRT cell receptor.

onstrated significant and prolonged tumour regression in cancer patients
using genetically modified TCRs against glycoprotein 100 (gp100),
(melanoma), NY-ESO-1 (melanoma, synovial sarcoma), melanoma anti-
gen A3 (MAGE-A3), (myeloma, melanoma) and carcinoembryonic anti-
gen (CEA), (colorectal carcinoma).

Patients treated with high-dose conditioning ChT all experience toxicity
including neutropaenia and risk of sepsis. In addition, potential safety
risks are associated with the use of genetically modified T cell therapies,
with the most critical related to:

= On-target off-tumour toxicity, when infused T cells recognise normal
tissue due to expression of the same antigen (I)e gp100 and MART-1
which are expressed by both melanoma cells and normal melanocytes
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= Off-target reactivity, when infused T cells can cross-react against
peptides other than the targeted ones, and

= (Cytokine-release syndrome (CRS), when infused T cells induce sud-
den and dramatic increase of inflammatory cytokines

The genetic modification of T cells with CARs combines antibody-like
recognition with T cell-activating function (Figure 2B). The construc-
tion of a CAR relies on the identification of a suitable antibody to a cell
surface molecule of interest, and, in contrast with the TCR modification
approach, CAR recognition does not rely on peptide processing or pres-
entation by MHC. Thus, all surface-expressed target molecules represent
a potential CAR-triggering epitope.

The first-generation CARs were composed of an antigen-binding region
(a single-chain antibody variable fragment [scFv]) derived from an anti-
body with the desired specificity, which was fused to the CD3CT T cell
signalling domain, allowing T cell activation comparable to trigger-
ing of the native TCR (Figure 2B). These early CARs provided only
activation signal 1 to T cells, and were shown to lead to CAR-T cell
anergy upon repeated antigen stimulation. Second-generation CARs
contain an additional co-stimulatory domain, such as CD28 and 4-1BB,
which provides activation signal 2 upon scFv engaging the target antigen
(Figure 2B). CAR-T cells carrying CD28 or 4-1BB signalling
moieties have demonstrated potent antitumour activity in clinical tri-
als and clinically meaningful response rates. Third-generation CARs,
which incorporate an additional co-stimulatory domain (Figure 2B),
are now in development to further potentiate persistence and activity of
infused CAR-T cells.

A multitude of clinical trials have demonstrated robust efficacy and
frequently durable responses using CAR-T cells targeting CD19, a B
cell-lineage antigen expressed on the surface of both normal and malig-
nant B cells. CAR-T cells specific for CD19 have been used effectively
to treat patients with ChT-refractory B cell malignancies including
marginal zone lymphoma, aggressive B cell lymphomas, chronic
lymphocytic leukaemia, and adult and paediatric acute lymphoblastic
leukaemia (ALL).
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The collective experience from the treatment with CD19-specific CAR-T
cells across different centres using different co-stimulatory domains and
gene transfer methods can be summarised as:

= Patients should receive lymphodepleting ChT
= Patients with ALL, in particular, have very high response rates

= Off-tumour toxicity is primarily limited to B cell aplasia, a condition
that can be clinically managed with prophylactic infusions of immu-
noglobulin

= Patients often develop severe CRS, and

= There is no clear dose—response relationship between the number of
CAR-T cells infused and the likelihood of response

CAR-T cell therapy against solid tumours has yielded limited success
thus far. Potential obstacles include:

= Inefficient T cell homing to the tumour site

= More difficult antigen selection due to high antigen heterogeneity
across the same malignancy

= Physical barriers to tumour infiltration by T cells

= High risk of on-target, off-tumour toxicity because potential target
antigens are more likely to be expressed in other essential organs, and

= Potent immunosuppressive factors that render T cells dysfunctional
in the tumour microenvironment

Active preclinical research and clinical trials are attempting to over-
come obstacles in the application of CAR-T cells to solid cancer types,
by assessing novel CAR designs with additional receptors and ligands
to ‘armour’ the CAR, gene transfer methods, treatment protocols and
different targets, including CEA for colorectal cancers, disialoganglio-
side GD2 for neuroblastoma and sarcoma, prostate-specific membrane
antigen (PSMA) for prostate cancer and melanoma, epidermal growth
factor receptor variant III (EGFRvVII) and interleukin-13 receptor o2
(IL13Ra2) for glioblastoma.
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Concluding Remarks

TIL ACT can induce long-term remission in patients with otherwise
treatment-resistant widespread MM. The use of TIL ACT is, however,
still experimental and restricted to reference cancer centres with exper-
tise in TIL production and clinical management.

The first two commercial gene-modified CD19-targeting CAR-T cell
products have been approved by the Food and Drug Administration
(FDA) as a standard therapy targeting CD19-positive B cell malignan-
cies with significant clinical efficacy.

Indications of clinical effect in certain solid cancer types have been
reported but a major clinical breakthrough for gene-modified TCR/
CAR-T cells is still awaited.
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Definition (Introduction to the Concept and
Development of Cancer Vaccine Strategies)

Active immunotherapy with cancer vaccines aims to instruct the host
immune system to recognise cancer as a foreign ‘non-self’ tissue
and mount specific immune responses that eliminate malignant cells.
Malignant diseases typically evolve by evading anti-tumour immunity,
and cancer vaccines aim to (re-)establish immune responses against
tumour-associated antigens (TAAs) and turn cold tumours (few or no
spontaneous tumour infiltrating lymphocytes [TILs]) into hot tumours
(many TILs). Cancer vaccines may induce de novo immune responses,
by stimulating tumour-specific T cells from the naive repertoire, and/
or boost existing suboptimal responses by providing new/stronger anti-
genic stimuli.
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In recent years, it has become evident that successful cancer vaccines
need to meet a number of important criteria.

First, selection of TAAs, for which the T cell repertoire is not blunted
by central immunological tolerance (i.e. thymic negative selection), is
warranted (Figure 1). This restricts immunogenic TAAs for optimal vac-
cines to two main categories of ‘non-(or distant-from)-self’ antigens:
oncogenic virus antigens and mutation-based neoantigens, for which
cognate precursor T cells should exist in the human repertoire. Vaccina-
tion against such neoantigens was only recently successful in patients
with melanoma and fits with the observation that neoantigen load in
patients with different types of cancers (melanoma, lung and renal cell
carcinoma, and microsatellite instable tumours) is strongly associated
with the success of immune checkpoint blockade therapy (anti-cytotoxic
T-lymphocyte antigen 4 [CTLA-4] and anti-programmed cell death pro-
tein 1 [PD-1]). These findings have added tumour-specific neoantigens
to the list of candidate antigens to target in cancer vaccines and ushered
in a new era for cancer vaccine design. We can now develop personalised
vaccines targeting tumour-associated neo-epitopes, identified based on a
genome-wide analysis of tumour-specific expressed mutanome.

Second, selection of the vaccine platform that delivers sufficiently con-
centrated antigens to vaccine-draining lymph nodes (LNs) for dendritic
cell (DC) presentation to both CD4* and CD8* T cell precursors in the
absence of antigenic competition with irrelevant sequences is also key
(Figure 1). Successful vaccine platforms include DNA, RNA and syn-
thetic long peptides (SLPs), consisting respectively of concentrated
nucleic acids encoding TAAs or peptides harbouring the T cell epitopes
themselves. These platforms can be used via direct injection or loaded
onto DCs. Recombinant virus platforms can also be used, but suffer
from induction of T cell responses against vector sequences, causing
antigenic competition with the inserted TAAs. Recombinant protein
vaccines have not been successful, mainly because of the inefficient
nature of exogenous protein processing in DCs, resulting in the induction
of weak CD4 T cell responses in the absence of CD8 T cell responses.
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Third, vaccines need strong adjuvants. RNA and DNA vaccines have
built-in adjuvants, whereas SLP vaccines need to be supplemented with
an appropriate adjuvant, such as Montanide-ISA-51, poly I:C (toll-like
receptor [TLR] 3 ligand), CpG (TLR9 ligand) and stimulator of type I
interferon (IFN) pathway (e.g. STING agonists).

Fourth, experience with therapeutic cancer vaccines shows the advan-
tage of their use in combination with immune-modulatory treatments
that counteract the immune hostile cancer microenvironment, such as
standard chemotherapy or checkpoint blockade (Massarelli et al, 2018).

Figure | Variables in cancer vaccine design. Selection of (1) TAAs to target,
(2) platform/adjuvant for TAA delivery to use, (3) DC targeting strategy (ex vivo or
in vivo) are among the most important aspects to consider in cancer vaccine design
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Essential Processes Involved

As discussed above, optimal cancer vaccines must combine the most
adequate antigens, vaccine platform, adjuvants and immunomodulatory
treatment. TAAs should primarily target DCs and proper DC maturation
must be induced so that they traffic to secondary lymphoid organs and
activate TAA-specific T cells. Both CD4* and CD8* T cells should be
stimulated, as CD4* T cells are needed to programme and sustain CD8*
T cell responses through DC signalling and also generate specific T cell
memory. Each step and vaccine component is critical in the design of
effective cancer vaccines; for example, suboptimal DC loading and/
or maturation or pulsing of non-professional antigen-presenting cells
(APCs) with TAAs may promote tolerance rather than tumour rejection.
Some cancer vaccination protocols have incorporated more than a single
adjuvant with the aim to better induce the desired anti-tumour immune
responses and therapeutic effects (e.g. poly I:C plus Montanide with
anti-NY-ESO-1 SLP vaccine).

The route of administration of vaccines is also crucial to efficiently tar-
get antigens to DCs in vivo and/or activate the T cell pool that can be
more easily redirected toward the tumour site. In general, subcutaneous
(s.c.) administration or delivery into DC-rich LNs have been preferred
for peptides/DC-based vaccines, and intramuscular (i.m.) injection for
DNA-based vaccines. In the latter case, the efficiency of vaccination was
crucially improved by electroporation. To deliver liposome-encapsulated
RNA vaccines, intravenous (i.v.) administration has been advocated,
because these liposomes can reach numerous LN-DCs following i.v.
administration. Further studies are needed to understand how to select
the administration route of cancer vaccines to more efficiently direct
T cells toward cancer tissues.

Finally, based on the way TAAs are delivered into DCs, cancer vaccines
can be divided into two major categories:

1. Vaccines targeting DCs with TAAs in vivo, through direct injection of
TAAs (via one of the above-mentioned platforms) together with DC matu-
ration stimuli for in vivo DC antigen uptake (Figure 1).

2. Vaccines targeting DCs with TAAs ex vivo, through ex vivo DC pulsing
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with TAAs (provided in different formats), and manufacturing of a cellular
product that is ready to stimulate T cells upon in vivo injection (Figure 1).

Direct in vivo DC loading with TAAs is clearly the way forward, because
ex vivo loading of DCs is laborious and expensive and requires patient-
specific DC preparation. Moreover, direct in vivo DC-targeting by cur-
rent therapeutic vaccines has become very efficient. Treatment with ex
vivo loaded DC can be more relevant to show mode of action and proof
of concept. However, multiple strategies in both vaccine categories have
been tested in cancer patients. Here we summarise the development and
therapeutic activity of those that led to the most relevant clinical results.

DC Vaccines

Ex vivo TAA-loaded DCs have been extensively used as a vehicle to
vaccinate against cancer in vivo because of the crucial role of properly
activated DCs in the initiation of effective T cell responses. This strat-
egy requires DC generation/isolation and in vitro pulsing with TAAs in
presence of the proper activating/maturing stimuli and ensures complete
control of the DC product. The procedure may be further optimised to
generate properly activated antigen-loaded DCs ready to traffic to LNs
and stimulate specific T cells in vivo. One of the problems has been that
ex vivo-activated DCs often do not traffic efficiently to LNs upon intra-
cutaneous, s.c. or i.m. injection (see below).

Technical Procedures Involved

Variables associated with the design of DC-based vaccines are numerous
and require precise consideration to maximise the therapeutic efficacy.
These include:

= DC source or lineage

= Antigen-engulfing strategy

= Levels of DC maturation and/or activation
= Route of vaccine administration

In initial studies with DC-based vaccines, DCs were generated from
CD34* haematopoietic progenitors or, more commonly, from peripheral
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blood (PB)-derived monocytes following incubation with a cocktail of
maturation cytokines, typically granulocyte—-macrophage colony-stimu-
lating factor (GM-CSF) and interleukin (IL)-4. More recently, circulat-
ing natural DC subsets pulsed ex vivo with TAAs have been tested as a
vaccine, achieving even better therapeutic effects.

The form of antigens used to load DCs is a crucial aspect to consider
when designing anti-cancer vaccination strategies, since it affects major
histocompatibility complex (MHC) antigen presentation and thereby the
induction of cytotoxic CD8* and/or helper CD4* T cell responses. Class
I- or II-MHC-restricted peptides have been largely exploited to pulse
DCs ex vivo. Although peptides can be easily synthesised under Good
Manufacturing Practice (GMP) requirements, this logistical advantage
is offset by the need to pre-determine patient-specific MHC-restricted
tumour-derived peptides and the limited stability of exogenous peptide—
MHC complexes. Use of recombinant antigenic proteins to load DCs,
which allows DC physiological processing of the peptides, besides being
restricted by limited access to clinical grade proteins, has the drawback
of preferentially channelling peptides into the endocytic compartment,
thus predominantly stimulating CD4* T cell responses. Use of SLPs
encompassing multiple MHC-I and MHC-II peptide specificity can
potentially overcome these problems. As an additional strategy, load-
ing DCs with dying tumour cells, whole-tumour lysate or exosomes or
transfecting DCs with tumour-derived complementary DNA (cDNA) or
messenger RNA (mRNA) has been used. These options allow for natu-
ral processing and selection of multiple epitopes (known and unknown,
including unique mutant TAAs that are expressed by the individual
tumour) for MHC presentation, but antigen cross-presentation effi-
ciency is uncertain. Transfection of tumour cDNA or mRNA into DCs
via electroporation has the disadvantage of channelling TAAs primar-
ily into the MHC-I presentation pathway, thus limiting effective CD4*
T cell responses. Pulsing DCs with dying tumour cells generates epitopes
for both CD8* and CD4* T cell cross-presentation. In addition, killing
tumour cells for cancer vaccine preparation with agents causing immu-
nogenic death provides additional immunogenic and danger signals for
DC activation and maturation (e.g. heat shock proteins, calreticulin or
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TLR ligands). However, by widening the spectra of TAAs against which
immune responses are elicited, whole-tumour-proteome-based vaccines
have an increased risk of inducing autoimmune reactions to self-antigens
shared with healthy tissues.

The level of DC maturation/activation to reach ex vivo is also a critical
factor. In DC-based vaccines, the goal is to partially activate antigen-
loaded DCs and differentiate them only to the point that they acquire LN
migratory capacity and become responsive to full-activation (licensing)
stimuli in vivo, once they reach the LNs, where they can then prime
cognate T cells.

Finally, the administration route of antigen-loaded DCs has to be con-
sidered for the induction of effective T cell immune responses. Although
intranodal injection is the most efficient way to deliver DCs into sec-
ondary lymphoid organs, it is still unknown whether overloading this
tissue with large amounts of DCs really increases immune responses in
humans. Thus far, s.c. and intradermal injections have been the most
widely used modalities to administer DCs, because of the easy access
of DCs to the regional LNs and more efficient induction of protective
immunological memory compared with i.v. DC delivery.

Great interest and effort have been directed toward DC-based vaccines to
immunise against cancer and results from these studies have been instru-
mental in clarifying the mechanisms underlying efficacy of active immu-
notherapy against established tumours.

Clinical Results

Numerous DC-based vaccines have been tested in clinical trials, with
promising safety and efficacy profiles. DCs loaded with TAA cocktails
achieved clinical benefit associated with tumour-specific immune
responses in advanced melanoma patients and confirmed the relevance
of co-activating CD4* T helper cells to promote cytotoxic CD8* T cell
responses in patients. The most relevant example in this vaccine category
is Sipuleucel-T for the treatment of hormone-refractory prostate cancer
patients. This vaccine has been the first active cancer immunotherapy to
gain regulatory approval from the Food and Drug Administration (FDA)

1.3 Vaccines (Dendritic Cell Vaccines, Peptide Vaccines, DNA Vaccines, 29
RNA Vaccines, Oncolytic Viruses)



upon demonstration of a median survival improvement of 4.1 months
and a death risk reduction of 22.5% in a randomised, double-blind phase
IIT trial. Sipuleucel-T is generated by culturing autologous PB mononu-
clear cells (PBMCs) with the prostate cancer antigen prostatic acid phos-
phatase (PAP) fused to GM-CSF as an adjuvant for APC antigen uptake
and activation. This strategy partially reduces the difficulties associated
with DC-based vaccine production, as it does not require the genera-
tion of DCs and instead uses APCs naturally present in patients’ PBMC
samples. This procedure has been demonstrated to increase intra-tumour
infiltration of PAP-specific T cells. Sipuleucel-T is currently under inves-
tigation as a monotherapy or in combination with hormone therapy in
prostate cancer patients in phase II and III trials. A similar strategy was
previously employed to immunise cancer patients against mutant KRAS
and p53. In this case, SLPs encompassing patient-specific mutations in
KRAS and p53 were used to pulse patient-derived PBMCs, which were
administered i.v. in vivo upon irradiation. This strategy, which somehow
pioneered the current concept of vaccination against tumour-associated
neoantigens, showed impressive clinical results in patients developing
specific immune responses.

DC-based whole-tumour cell vaccines also demonstrated clinical effi-
cacy in advanced cancer patients. As an example, autologous DCs pulsed
with whole lysate from three allogeneic melanoma cell lines (TRIMEL)
induced immune activation associated with increased survival and disease
stabilisation in most of the treated metastatic melanoma (MM) patients.
Interestingly, in a phase II trial with MM patients, DCs pulsed with autolo-
gous melanoma-derived antigens showed superior anti-tumour activity
compared with the same irradiated whole-tumour cells, further substan-
tiating the key role of proper DC activation for efficient development of
anti-tumour immunity. In a pilot study with 18 relapsed indolent B cell
lymphoma patients, it was shown that potent anti-tumour activity coupled
with multifaceted immune activation upon vaccination with autologous
DCs pulsed with apoptotic bodies generated by inducing immunogenic cell
death in autologous tumour cells (Di Nicola et al, 2009). Importantly, this
whole-tumour cell-based vaccine could activate T cell responses against the
malignant B cell-associated immunoglobulin idiotype in responder patients.
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The use of autologous DCs transfected to express TAAs and immu-
nostimulatory molecules has also shown therapeutic immune responses
in clinical trials. Administration of autologous DCs modified with a
pox vector encoding the TAA’s carcinoembryonic antigen (CEA) and
mucin 1 (MUC1) (PANVAC™) reduced recurrence and prolonged sur-
vival in tumour-resected disease-free colorectal cancer patients. Co-
electroporation of DCs with different mRNA molecules encoding one
melanoma-associated antigen (tyrosinase, MAGE-A3, MAGE-C2 or
gpl00), CD40L, CD70 and a constitutively active isoform of TLR4
(TriMixDC-MEL) safely and effectively induced tumour-specific CD8*
T cell responses in advanced melanoma patients. A fully personalised
vaccine generated with autologous DCs co-electroporated with ampli-
fied tumour RNA and synthetic CD40L RNA (AGS-003) was tested in
metastatic renal cell carcinoma in combination with the tyrosine kinase
inhibitor sunitinib. This strategy was well tolerated and achieved dura-
ble responses associated with CD8* T cell activation. A phase 1II trial
comparing AGS-003 + sunitinib versus sunitinib alone is ongoing
(NCT01582672).

Peptide Vaccines

Peptides derived from TAAs have been widely tested in clinical trials to
immunise against cancer. The understanding of the minimal rules that
allow peptides to bind to MHC-I opened up the design of peptide-based
vaccines. MHC-I binds short peptides (8—10 amino acids long), whose
N- and C-terminal residues serve to anchor the peptide-binding groove
through hydrophobic interactions in a way that can be computationally
predicted. MHC-II binds peptides with different length variants (11-30
amino acids long) and the prediction of MHC-II-restricted peptides is
less efficient. In cancer vaccine manufacturing, both short peptides with
high MHC-I binding affinity or long peptides encompassing multiple
epitopes for both MHC-I and MHC-II binding have been exploited. The
administration route of peptide vaccines is particularly relevant, as the
peptides need to reach DC-rich sites for proper immunisation.
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Vaccination with short peptide sequences, predicted to bind patient-spe-
cific MHC-I, has been tested in many clinical trials with poor success,
for the following reasons:

1. Short peptides bind MHC-I exogenously on all nucleated cells, which
causes peptides to bind to a large majority of cells that lack co-stimula-
tory molecules and may therefore induce antigen-specific tolerance.

2. Short peptides rapidly distribute throughout the body and may there-
fore lead to antigen presentation outside vaccine-draining LNs in the
absence of an adjuvant.

3. MHC-I-binding peptides stimulate only CD8* T cells, leading to
suboptimal and short-lived CD8* T cell activation in the absence of
CD4* T cell help.

In contrast, vaccination with SLPs has shown much more robust CD4*
and CD8* T cell response induction against both cancer-testis antigens
(such as NY-ESO-1) and viral antigens (such as human papillomavirus
[HPV]16 E6/E7). SLP vaccination relies on SLP processing by profes-
sional APCs for antigen presentation in both MHC-I and MHC-II mol-
ecules. In the case of HPV16 E6/E7, the need for MHC characterisation/
selection has been avoided by incorporating a set of 13 long peptides,
representing the complete sequence of the oncogenic HPV16 proteins
E6 and E7, ensuring that all possible CD4* and CD8* T cell epitopes in
this sequence of 256 amino acids are processed by DCs in vaccinated
patients. Indeed, all patients have been shown to respond to this SLP
vaccine, so the use of SLPs does not necessarily require the prediction
of patient-specific MHC-restricted epitopes and allows for incorporation
of powerful adjuvants, such as TLR ligands, thus coupling DC target-
ing with simultaneous DC activation. However, potential competition for
MHC binding among the different peptides incorporated into polyvalent
vaccines must be considered. This may be avoided by injection of no
more than six or seven SLPs in a single i.m. or s.c. site (Kenter et al,
2008).

Technical Procedures Involved

GMP production of SLPs followed by freeze drying and cryopreserva-
tion is needed for vaccination with SLPs. Shortly before vaccination, the
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lyophilised peptides are dissolved in an appropriate solvent, mixed or
emulsified with adjuvant and injected i.m. or s.c.

Clinical Results

A global analysis of all the studies with peptide vaccines carried out in
MM patients at the National Cancer Institute (NCI) showed very limited
therapeutic effects, with an overall objective response rate of 2.9%. Most,
if not all, of these studies were unfortunately conducted with short pep-
tides representing exact MHC-I-binding sequences, a suboptimal vaccine
platform (see above). Moreover, most of these trials were performed with
sequences derived from differentiation antigens or cancer-testis antigens,
against which the T cell repertoire may be blunted by central tolerance.
Also, in these studies no treatment with immunomodulators was applied,
further reducing the chances of clinical benefit as argued at the beginning
of this chapter. Peptide vaccines have continued to be assessed in patients,
with some vaccines reaching evaluation in phase III clinical trials.

In MM patients, vaccines based on gpl00 peptides and the water-in-
oil adjuvant Montanide have been tested in phase III trials in combina-
tion with high-dose IL-2 or the anti-CTLA-4 antibody (Ab) ipilimumab.
Not surprisingly, based on the use of short peptides and a possibly tol-
erant T cell repertoire, these vaccines did not show significant clinical
improvement and the therapeutic effects were not associated with the
development of gp100-specific immunity, suggesting that gp100 in that
formulation is not an effective vaccine. Tecemotide, an anti-MUCI1
lipopeptide-based vaccine, has been studied in advanced non-small
cell lung cancer (NSCLC) patients. Results from a phase III study indi-
cated improved clinical benefit in patients who had previously received
concurrent chemoradiotherapy. However, evaluation of tecemotide in
further phase III trials failed to confirm these results (NCT01015443,
NCTO02049151). GV1001, a vaccine based on a 16-amino-acid-long
peptide encompassing the active site of human telomerase reverse tran-
scriptase and GM-CSF, has achieved promising results in early phase
studies with advanced NSCLC and pancreatic cancer patients. However,
further development in phase III trials produced unconvincing results
(NCTO01579188). Again, telomerase is a self-molecule and specific
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T cells may be thymically deleted and GM-CSF, although capable of
attracting immature DCs, may not be an ideal adjuvant in this setting.

Immunisation against mutant oncoproteins or viral antigens with multi-
epitope vaccines (either peptide mixtures or long peptides) seems to rep-
resent a more effective strategy based on results from early phase trials.
Vaccination with mutant KRAS peptides and GM-CSF followed by surgi-
cal resection was effective in inducing specific immune responses and pro-
longing survival in pancreatic cancer patients. A vaccine based on a cock-
tail of HPV16 E6 and E7 synthetic peptides induced frequent regression
in patients with premalignant high-grade vulvar intraepithelial neoplastic
lesions in association with the induction of specific immune responses.
The same vaccine proved ineffective and significantly less immunogenic
in patients with recurrent cervical cancer, in agreement with the profound
immunosuppression in the setting of established cancer. However, when
this vaccine was combined with timed standard-of-care chemotherapy
consisting of carboplatin and paclitaxel, excellent immunogenicity was
observed in patients with recurrent or metastatic cervical cancer. The
mechanism was shown to be depletion of immunosuppressive myeloid
cells and synergy of the platinum compound with tumour necrosis fac-
tor alpha (TNF-a) released from tumour-specific T cells (van der Sluis et
al, 2015; Welters et al, 2016). Recent data indicate that this combination
therapy induces strong T cell responses against the vaccine associated with
prolonged overall survival (Melief et al, in preparation). The same vaccine
also doubled the overall response rate in patients with incurable HPV16*
oropharyngeal cancer when combined with the anti-PD-1 nivolumab (Mas-
sarelli et al, 2018). Recently, a vaccine based on SLPs harbouring mutant
sequences predicted to bind to MHC-I showed strong immunogenicity and
reduced disease recurrences in melanoma patients with high recurrence
risk following surgery. Interestingly, patients who relapsed responded to a
subsequent anti-PD-1 treatment (Ott et al, 2017).

DNA Vaccines

DNA-based vaccines are a straightforward approach to immunise against
TAAs. However, they are generally poorly immunogenic, and DNA
encoding xenogenic antigens or antigens fused with adjuvant molecules
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have been exploited to more efficiently break tolerance against TAAs.
Accordingly, therapeutic DNA vaccines have achieved the greatest suc-
cess in the treatment of virus-driven cancers, such as cervical intraepi-
thelial neoplasia lesions caused by high-risk HPV16 or HPV18.

Technical Procedures Involved

Because DNA has to be transcribed to RNA and then translated into
protein, a highly efficient procedure must be used to ensure that enough
DNA reaches cells in which these processes occur. Electroporation and
particle-mediated epidermal delivery (PMED) appear to serve this pur-
pose. DNA vaccines use plasmids of bacterial origin and, as such, have
the built-in adjuvant CpG, a TLR9 ligand.

Clinical Results

DNA vaccines delivered by electroporation have induced robust T cell
responses to the E6 and E7 proteins of high-risk HPV16 and 18. Moreover,
in a randomised phase II trial, more high-grade cervical epithelial neopla-
sia lesions regressed following HPV DNA vaccination than spontaneously
(Trimble et al, 2015). Vaccination with xenogenic and human gp100-
encoding plasmid DNA by means of either i.m. injection or PMED has
also been demonstrated to be safe and capable of inducing specific T cell
responses in melanoma patients (Ginsberg et al, 2010; Yuan et al, 2013).

RNA vaccines

RNA vaccines encoding TAAs are currently being developed in several
laboratories. One particularly efficient RNA delivery platform is encap-
sulation in DC-targeting liposomes.

Technical Procedures Involved

Naked RNA is generally injected i.m. or into LNs, whereas RNA-encap-
sulated liposomes are injected into LNs or i.v. to achieve optimal load-
ing and processing by DCs for T cell cross-presentation of the antigens.
In addition, antigen-encoding RNA can be codon-optimised to increase
protein production. RNA vaccines have built-in adjuvants such as TLR3
ligand and TLR7/8 ligand.
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Clinical Results

A self-adjuvanted RNA-based vaccine (CV9103) encoding the anti-
gens PSA, PSCA, PSMA and STEAP1 was well tolerated and induced
immune responses against multiple epitopes in a phase I/Ila study with
advanced prostate cancer patients (Kiibler et al, 2015). Very recently,
personalised neo-epitope-containing liposomal RNA vaccines generated
specific immune responses in advanced melanoma patients (Sahin et al,
2017), similar to SLP vaccines (Ott et al, 2017).

Oncolytic Viruses

Oncolytic virotherapy, based on the use of different viruses, such as
modified herpes viruses, as self-expanding bio-therapeutics that selec-
tively infect and kill cancer cells while sparing normal tissues, repre-
sents a promising immunotherapeutic approach (Lichty et al, 2014).
Killing of tumour cells upon virus infection generates a local inflamma-
tory environment that results in tumour antigen release and recruitment
of immune cells, which in turn contribute to the amplification of anti-
tumour immunity.

Technical Procedures Involved

This approach couples the direct anti-tumour cytotoxic effects of viruses
replicating within malignant cells and the induction of an anti-viral
immune response, which is expected to drive immune effector func-
tions toward the tumour site, thus increasing the probability of a reac-
tion against the released TAAs. To improve the immunological activity
of oncolytic viruses, they can be engineered to express pro-inflammatory
molecules as immune adjuvant.

Clinical Results

T-VEC (talimogene laherparepvec), a genetically engineered herpes
simplex virus to express GM-CSF, was the first oncolytic virus therapy
approved by the FDA for the treatment of unresectable MM, based
on results of the OPTIM trial that compared T-VEC with GM-CSF in
patients with advanced unresectable melanoma.
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Coxsackievirus A21 (CVA21), a picornavirus with oncolytic potential, has
been tested for the treatment of different solid cancers and has shown both
local and distant clinical responses (Andtbacka et al, 2015), further demon-
strating the therapeutic potential of in situ vaccination with oncolytic viruses.

Predictive and/or Prognostic Biomarkers of
(Potential) Clinical Relevance

Thus far, the following parameters have been found to correlate with
clinical activity of anti-cancer vaccines:

= Tumour burden: patients with less-advanced diseases are more
likely to benefit from active immunotherapies (Hale et al, 2012)

= Immune responses, in particular T cell responses: clinical trials
with therapeutic cancer vaccines have shown that development of
anti-tumour immune responses correlates with improved clinical out-
comes (Constantino et al, 2017)

= Immune gene signatures (e.g. IFN-y response pathway), as a
measure of immune activation that takes into account the complex
molecular network of the tumour immune microenvironment

= Baseline expression level of vaccine-targeted antigen and MHC
molecules in tumour cells: target antigens must be expressed and
properly presented on MHC in tumour cells for efficient T cell recog-
nition and killing of malignant cells

Potential Future Developments

Clinical results from phase III trials with cancer vaccines have, overall,
shown limited clinical benefit. The flaws in vaccine design and lack of
co-treatment signalled above are likely to have contributed to this.

Apart from these previously discussed flaws in cancer vaccine design and
application, efficacy of appropriate cancer vaccination/immunomodula-
tion can be thwarted by additional tumour immune evasion mechanisms:

= Down-regulation or loss of TAAs and MHC molecules in tumour
cells
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= Immunosuppression (indoleamine 2,3-dioxygenase [IDO], myeloid-
derived suppressor cells [MDSCs], M2 macrophages and regulatory
Tecells[T..])

regs

= Poor intra-tumour T cell infiltration
=  Tumour-specific T cell anergy/exhaustion

= Up-regulation of immune checkpoints and specific ligands in the
tumour microenvironment (CTLA-4, PD-1, programmed death-ligand
1 [PD-L1], T cell immunoglobulin and mucin domain 3 [TIM-3], lym-
phocyte-activation gene 3 [LAG-3], etc.)

Nevertheless, the recent clinical successes with immune checkpoint block-
ade therapy have formally demonstrated that immunotherapy can cure
patients with advanced cancer. These results may be attributed to concur-
rent inhibition of key molecules regulating immunosuppression (CTLA-4
and PD-1 pathway) and activation of multiple immune responses against
non-self-mutant tumour-associated neoantigens. This information has
provided renewed interest in pursuing similar or even better results with
active immunotherapy. Based on the novel insights obtained from a variety
of research lines, including treatment with checkpoint blockade, chemo-
immunotherapy, IDO inhibition, T, depletion and use of beneficial
immunomodulators, we can now rationally improve cancer vaccine design
toward increased anti-tumour efficacy based on the following directions:

1. Personalised vaccines against tumour-associated neoantigens (to
avoid central tolerance-mediated elimination of specific high-
affinity T cells).

Immune peptidome analysis of MHC-bound peptides, tumour whole-
exome and RNA sequencing coupled with computational prediction of
immunogenic peptides binding to patient-specific MHC haplotypes can
be used to identify new non-self tumour-specifc antigens for improved
cancer vaccine design. Initial clinical results are promising, and this
personalised immunotherapy approach might soon become an afford-
able reality in clinical practice (Ott et al, 2017; Sahin et al, 2017).

2. Combination with immunomodulatory agents: develop rational
combinations with strategies that reduce immunosuppression/
activate tumour immunity in patients with established cancers.
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If neoantigen-based vaccines can bypass central tolerance, they still have
to work against peripheral tolerance and tumour-immune escape mecha-
nisms (exhaustion/anergy and immunosuppression). Therefore, it is very
likely that, even when generated with neoantigens, cancer vaccines will
not be able to achieve major clinical results as monotherapy. Strategies
that inactivate the most important immunosuppressive mechanisms and/or
stimulate cytotoxic response may be optimally combined with cancer
vaccines. The increased availability of clinically approved agents with
immunomodulatory functions offers new opportunities for optimal com-
bination strategies to potentiate the efficacy of active immunotherapy.
In addition, the progressive understanding of homeostatic mechanisms
that control strength and duration of immune responses together with
the renewed interest in assessing immune functions of conventional anti-
cancer agents have led to the identification of many precision drugs that
can favour immune activation, such as:

= Immunogenic chemotherapy: thalidomide, cisplatin; carboplatin +
paclitaxel (van der Sluis et al, 2015; Welters et al, 2016).

= Radiotherapy (Finkelstein et al, 2012; Formenti and Demaria, 2009;
Hasumi et al, 2011).

= Checkpoint blockade: preclinical evidence (Curran et al, 2010; Fu
et al, 2014; Hurwitz et al, 1998; Mkrtichyan et al, 2013; Wada et al,
2013); clinical evidence (Hodi et al, 2003; Yuan et al, 2011).

= Immunostimulatory Abs targeting TNFR family members: CD40,
0X40, GITR, 4-1BB (Tacken et al, 2007).

= Abs against immunosuppressive cytokines or cytokine receptors.
= Pro-inflammatory cytokines (yC cytokines: IL-2, IL-7, IL-15).

Despite the availability of a myriad of new agents, there is a renewed
interest in the use of vaccination as a first step to boost a robust anti-
cancer immune response. ‘Proper integration of immunotherapeutic and

anti-neoplastic approaches may thus be key to overcome these limita-
tions and improve cancer control’ (Zappasodi et al, 2018).
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Introduction

Biomarkers are biological characteristics which are associated with
behavioural properties of disease processes. For malignant diseases,
biomarkers are either prognostic of disease outcome, independent of
treatment or predictive of treatment response. In the context of immuno-
oncology (I0), predictive biomarkers are the main focus but there are
also relevant prognostic issues.

Biological Background for Biomarkers in
Immunotherapy

There are multiple mechanisms and parameters that appear to determine
the outcome of tumour—immune interactions. Some of these overlap,
some appear distinct and there is considerable variation between different
tumours and patients. An approach to rationalise the best way of deter-
mining how best to treat a patient based on current and plausible future
biomarkers has been explored in a ‘cancer immunogram’, which proposes
a dynamic approach in adding biomarkers as more data become available.
Within this proposed approach there are seven broad categories where bio-
markers are potentially found. These are summarised as follows:
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(1) The ‘foreignness’ of the tumour

(2) Tumour inflammation

(3) The presence or absence of immune checkpoints
(4) Soluble immune inhibitors

(5) Inhibitory tumour metabolism

(6) The general immune status of the patient, and

(7) The question of whether or not the tumour cells (TCs) are susceptible
to a re-invigorated immune response

This is an excellent overview of what are a relatively limited number of
trial-proven biomarkers currently in use, as well as a larger number of
potential biomarkers which have still to find their clinical utility. This
chapter focusses on biomarkers for the use of immune checkpoint inhibi-
tors (ICIs) in solid tumours and the discussion will concentrate on those
biomarkers which are already in widespread clinical use or for which
there are emerging trial data. Most available data concern non-small cell
lung cancer (NSCLC) and melanoma.

The immune system has the ability to recognise foreign, non-self anti-
gens (epitopes) and mount a specific immune response through anti-
body-directed humoural and T cell-driven cellular immunity. Less anti-
gen-specific responses also occur involving natural killer (NK) cells and
macrophages, among other cell types. T cell- and macrophage-driven
responses are very important in anti-tumour immunity. The most impor-
tant source of neoantigens is probably through gene mutations, leading
to the production of abnormal, new proteins. It is possible, however, that
other aberrant metabolic events in TCs could lead to structurally abnor-
mal proteins which may appear ‘non-self’ to the immune system. Many
solid tumours have a high mutational burden, especially lung cancers
and malignant melanoma, related to tobacco and ultraviolet light car-
cinogenesis. A high tumour mutation burden (TMB) infers, but does not
guarantee, a high neoantigen load. High antigenicity infers the possibil-
ity of high immunogenicity, but this is also not guaranteed. These steps
may fail in malignant cells for various reasons. There is evidence that
when neoantigens are clonal rather than subclonal, they are more likely
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to be associated with better outcome from immune checkpoint blockade
(ICB); this infers more efficient antigenicity. Immunogenicity infers a
specific immune response generated against these neoantigens but this
may not occur.

Even if the immune response occurs, and the specific T cell immunity
is available and present in the tumour, it may not be effective. A range
of regulatory mechanisms (cellular or molecular) may control and
negate the immune response at the point of efficacy in the tumour
microenvironment (TME) — several of these are incorporated into the
‘cancer immunogram’, including checkpoints, soluble immune inhibi-
tors and inhibitory tumour metabolism leading to an immune-suppres-
sive microenvironment. Importantly, among these mechanisms are nega-
tive immune-regulatory checkpoints, ligand-receptor moieties which,
when bound, switch off specific immune cell activity.

That clinically apparent tumours can evolve, while bearing a high cellular
mutational load, highlights the existence of mechanisms which allow
TCs to avoid antigen-specific T cell killing. As described, the reasons for
this escape in any one tumour are potentially numerous. This creates the
potential for several concurrent biomarker approaches, not only address-
ing why the tumour may escape an immune response, but also providing
data on the likelihood of an immune response actually being available.
Among these immune inhibitory mechanisms, the interactions of cyto-
toxic T-lymphocyte antigen 4 (CTLA-4)/CD80/86 and programmed cell
death protein 1 (PD-1)/programmed death-ligand 1 (PD-L1) as nega-
tive immune checkpoints are important in a wide range of human solid
tumours and are now also important targets for ICIs.

This simplified description of the tumour immune response and its regu-
lation encapsulates its three essential components. These are:
= TC immunogenicity rendering the TCs visible to the immune system

= The successful generation of a specific cellular response to those
immunogenic TCs, and

= Active mechanisms to escape, avoid or negate that immune response,
either within the TME or lymphoid tissues
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These three components also provide the rationale for biomarker
approaches which have been most pursued in I0: TMB, tumour inflam-
mation and immune checkpoint ligand expression, specifically the cel-
lular expression of PD-L1. The other factors alluded to in the Immuno-
gram could be considered as environmental factors. This does not mean
to say that they are less important, but there is less trial-based evidence,
so far, to support their use. Serum lactate dehydrogenase (LDH) levels
are a surrogate for an immune suppressive tumour metabolic environ-
ment and may prove to be a valuable measure, especially in melanoma
and response to anti-CTLA-4; measures of general immune status could
be helpful but there is conflicting, and limited, evidence to support
their use now. The use of immunohistochemistry (IHC) to determine
PD-L1 expression within tumours is by far the most widely developed
biomarker for ICI therapy and this will be considered first.

PD-LI Immunohistochemistry

The only biomarker currently in widespread use for selecting patients
for anti-PD-1 axis agents in the treatment of NSCLC is the expression of
PD-L1 on the surface of TCs and the immune cells that infiltrate it. The
current status of various drugs with their trial-validated assays is given in
Table 1. These assays have also been used with variable benefit with vari-
ous drugs in different indications in melanoma, head and neck squamous
cell carcinoma, and urothelial and renal cell carcinoma.

These differences in the requirement for testing and of ‘cut-offs’ derive
from trial data showing a variable relationship between level of PD-L1
expression and sensitivity to IO drugs. There is, nevertheless, in most
trials a direct relationship between the level of PD-L1 expression, which
is a biological continuous variable, and the likelihood of the tumour
responding to an IO agent, although this is by no means a constant corre-
lation and, as a result, no absolute consensus on the use of PD-L1 expres-
sion as a biomarker across tumour types and anti PD-1/PD-L1 agents has
been achieved. The choice of cut-off is driven by a number of factors and
will not create an absolute distinction between ‘responders’ and ‘non-
responders’. Whether used as a companion or a complementary test, the
outcome does provide clinically useful information.
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Table | Approved and Investigational PD-L| Diagnostic Assays in NSCLC
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Implementing PD-L1 testing presents a number of challenges, which can
be framed as four questions:

= Which diagnostic test should be used?
= How can accurate assessment be assured?
= Which types of specimen can be used?

=  How should the results be reported?

Which diagnostic test should be used?

Each of the drugs currently available for treating NSCLC was developed
with its own diagnostic test. It is impractical for laboratories to carry
multiple testing platforms for essentially the same biomarker. Concerted
efforts in harmonising these tests has led to some welcome rationalisa-
tion (Table 1).

Studies reveal good correlation between the pharmDx 22C3, pharmDx
28-8 and Ventana SP263 assays, assessing expression on TCs. In contrast,
the Ventana SP142 assay reveals a higher threshold for PD-L1 expression
by TCs, but a higher sensitivity for immune cells. This assay can be positive
through tumour or immune cell expression (Table 1). Comparative data for
the pharmDx 73-10 assay are not yet available. The Ventana SP263 assay
is applicable to guiding the use of nivolumab and pembrolizumab as well
as of durvalumab, the drug for which it was originally developed.

How can accurate assessment be assured?

Assessing PD-L1 expression differs from most other IHC in its subtlety,
heterogeneous expression and confounding staining patterns in many
tumours. Relevant expression is the sometimes delicate delineation of
the cell membrane (Figure 1). Cytoplasmic expression is ignored. For all
assays except SP142, when used in NSCLC, only TCs are assessed — the
tumour proportion score (TPS) is expressed as a percentage. The Ventana
SP142 assay is more complex, since TPS and the area of tumour infil-
trated by PD-L1-expressing immune cells are both assessed (Table 1).

Experience in reading PD-L1 tests in one tumour type will not neces-
sarily be transferrable to other tumours, as the characteristics of both
tumours and PD-L1 expression may differ significantly.
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Figure | PD-LI immunohistochemistry. In this example, where the tumour proportion score is
well over 50%, some variation in intensity of membrane staining can be seen in tumour cells.
In the surrounding stroma there are some PD-L [-expressing immune cells. Courtesy: R Gosney.

& ‘ Cias oG o X
Abbreviation: PD-LI, programmed death-ligand I.

P

Which types of specimen can be used?

A major shortcoming in the development of tests for assessing PD-L1
expression in clinical trials was the exclusion of ‘cytology’ specimens.
This led to the belief that only tissue biopsies can be used. There are anec-
dotal reports but little published evidence that alcohol fixation, commonly
used in many cytology laboratories, is deleterious to PD-L1 epitopes.
More data are required. Cytology is so integral to NSCLC diagnostics
that it will be difficult not to use such samples. Cytology samples do not
permit application of the immune cell staining rules for the SP142 assay.

Heterogeneity of PD-L1 expression within and between tumour deposits
and the possibility of sampling error, leading to unrepresentative PD-L1
scoring, is well appreciated. It is usually impossible to avoid this potential
problem in practice; generous or multiple biopsy specimens reduce its
influence, but obtaining these is not always practicable or even possible.
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Can pre-first-line chemotherapy (ChT) archived material be relied upon to
provide a result accurate enough to guide second-line therapy? Clearly, the
ideal specimen is the most recent, but re-biopsy is often not practical or ethi-
cal and, in clinical trials where this question was addressed, there was no
significant difference between ‘fresh’ and ‘archive’ material use. As a general
guide, there is evidence to suggest that archived specimens less than 3 years
old are suitable for analysis if no more recent material is available.

How should the results be reported?

Reporting of PD-L1 expression should include objective data with its
interpretation in context. It is important to state which diagnostic test
assay was used and whether at least 100 TCs were assessed — some
assays mandate a 50-cell minimum. An actual TPS is best reported
although sometimes, if the sample is challenging, an indication of which
range of TPS the sample falls into can be given.

Tumour Mutation Burden

The biological rationale for TMB or mutational load as a predictor of
response has been discussed already. It is a surrogate for tumour immu-
nogenicity as it reflects neoantigen load.

There are several ways of assessing tumour mutational load. It may be
measured directly, through whole-exome sequencing, and expressed
as mutations per Mbase in DNA. It may be inferred by the number of
mutations found after large, targeted panel next-generation sequencing,
an approach which correlates with actual ‘whole’ mutational burden.
Specific factors associated with a higher likelihood of high mutational
prevalence, such as loss of function mutations in mismatch repair (MMR)
genes, microsatellite instability-high (MSI-H) and DNA polymerase D1
(POLD]I) and E (POLE) mutations, are interesting candidate biomarkers,
and have shown very effective enrichment for response to ICIs in some
tumour types such as colorectal and endometrial carcinomas. Common
mutations in NSCLC such as in KRAS and p53 seem to be associated
with more highly mutated disease. These, in turn, are associated with,
in lung cancer, a smoking history, and both this and evidence of tobacco
carcinogen-associated transversions are also biomarkers of interest.

50  Gosney et dl.



TMB can predict response to the CTLA-4 inhibitor ipilimumab in mela-
noma, the PD-1 inhibitors pembrolizumab and nivolumab in NSCLC and
the PD-L1 inhibitor atezolizumab in NSCLC and urothelial carcinoma.
MMR and MSI-H can select patients for benefit from PD-1 axis inhibi-
tors in a range of tumours including gastric and colorectal cancers, while
MSI-H has been approved for the use of pembrolizumab by the Food and
Drug Administration (FDA) as a biomarker independent of tumour type.
KRAS mutation and a smoking history are associated with benefit from
second-line nivolumab versus docetaxel in lung adenocarcinoma, while
epidermal growth factor receptor (EGFR) mutations, which are associ-
ated with a low TMB and a never smoking history, favour docetaxel.

There is no consensus about what defines a ‘high’ TMB. It has been
defined in a variety of different ways in different trials. The more
genome that has to be sequenced to estimate TMB, the less practical the
biomarker appears, at least with current technology, in terms of turn-
around time, cost and possible feasibility. The prospect of a small num-
ber of targeted mutations to predict high TMB is very attractive, but this
surrogate for actual TMB is likely to be different depending on tumour
type. MSI-H is relatively frequent and an established biomarker in
colorectal carcinoma but is extremely uncommon in NSCLC, for example.
p53 and KRAS mutations are common in lung adenocarcinomas but not
so in melanoma. TMB or a surrogate has the potential to select patients
who might benefit from a range of ICIs which might be used currently
or in the future. It does not, however, inform about the actual inhibitory
mechanism(s) active in an individual tumour, which might be targeted by
appropriate therapy.

There is also another potential aspect to the mutational landscape in
tumours with respect to immunotherapy. While a high mutational burden
may present a relatively poor prognostic factor in many tumour types,
there is also emerging evidence that genomic alterations can predict the
possibility of hyper-progression of disease during PD-1/PD-L1 block-
ade. Data are few but MDM2/MDM4 amplification and some EGFR
alterations have been associated with risk of hyperprogression on immu-
notherapy. The molecular mechanisms and predictors of this phenom-
enon require further investigation.
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Tumour Inflammation

Immunotherapy using ICB will not work if there is no immune response
available to be released from an inhibited state. It is therefore com-
pletely intuitive that evidence of this immune response could be a useful
biomarker to predict response to such drugs. It is important that good
prognostic effects do not confound any predictive effect that a tumour
inflammation biomarker might have in the context of ICB. Tumour
inflammation has been assessed in many ways, from simple assessments
of tumour infiltrating immune cells (TIICs — mostly lymphocytes and
macrophages), microanatomical TIIC localisation in the tumour, and
detailed characterisation of these cells — CD3* and CD8* T cells, mac-
rophages (CD68*), myeloid-derived suppressor cells (MDSCs), inhibi-
tory FoxP3* T cells and Langerhans antigen-presenting cells (S100%).
The ‘immunoscore’ assessing CD3* and CD8* T cells in the tumour core
and invasive margin has bettered Tumour Node Metastasis (TNM) stage
as a prognostic factor, considered as a predictive biomarker in mela-
noma, gastric and breast cancer among others.

There is already evidence in melanoma that the effects of nivolumab and
ipilimumab are greater in inflamed tumours. Similar studies are ongo-
ing in breast, colorectal, urothelial and other cancers including NSCLC.
In melanoma and NSCLC, immune-related gene expression signa-
tures using mRNA profiling on tumour samples have been used with
some success as a way of enriching for ‘inflamed tumours’. Data have
been published on a number of mRNA-based expression signatures of
genes related to the activity and regulation of the immune response; the
interferon-gamma (/FN-y) gene has been a consistent member of these
panels. These assessments have shown predictive value for response to
pembrolizumab, nivolumab and atezolizumab in different settings. In
the IMpower150 trial (first-line ChT plus bevacizumab with or without
atezolizumab in NSCLC), however, direct comparison of a three-gene
signature (PD-L1, IFN-y and CXCL9) and PD-L1 IHC showed there was
no difference in terms of predictive power for outcome between these
two biomarker approaches. In other tumour types, the immune cells are
the focus of attention and more data are awaited. Another important fac-
tor, in terms of actual adoption in the clinic, will be the practicality of
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implementation. If complex and expensive biomarker approaches are no
better than simple ones, it will be hard to justify their use.

Future IO Biomarker Strategies

Despite the interest in combining CTLA-4 or PD-1/PD-L1 inhibitors with
other immunotherapies or with ChT to improve efficacy and patient inclu-
sivity, it seems likely that biomarkers will continue to be required to select
patients in at least some indications. The CheckMate 026 trial is the first indi-
cation, at least in NSCLC, that combining biomarkers may improve patient
selection. This makes sense and combined biomarker approaches could be
used, provided there is clinical validation and the assays are practical.

New checkpoint targets such as T cell immunoglobulin and mucin
domain 3 (TIM-3) and lymphocyte-activation gene 3 (LAG-3) and other
regulators such as indoleamine 2,3-dioxygenase (IDO) are both poten-
tial targets and biomarkers for therapy, alone or in combination. These
and established target biomarkers such as PD-L1 may be considered pri-
mary 10 biomarkers, since they represent an immune inhibitory mecha-
nism which is being targeted. If the biomarker is truly absent and not
active in the tumour, these therapies are very unlikely to work. Biomark-
ers such as TMB and inflammation are secondary IO biomarkers whose
predictive power is likely independent of the drug/target being consid-
ered. They only predict a probability of an available immune response
that might be activated by blockade of inhibitory mechanisms. Emerging
biomarkers such as the gut microbiome, general immune status and an
inhibitory tumour metabolic environment could be seen as over-arching
conditional factors which may offset an effect of treatment, despite
more specific biomarkers suggesting checkpoint inhibition should work.
More data are required to allow us to understand how these additional
factors should be incorporated into any decision-making algorithm.

Conclusion

The need for biomarkers for IO will continue. Due to the multifaceted
nature of the tumour immune response, a single biomarker in this arena is
unlikely to satisfy clinical requirements for high selective performance.
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Dissatisfaction with biomarkers to date (mainly PD-L1 IHC) is somewhat
unjustified and reflects unrealistic expectations, but has driven attempts
to find alternatives. For different tumour types and different drugs, these
biomarkers are also likely to be variable. Although not perfect, the most
commonly used IO biomarker is PD-L1 IHC. This is relatively easy to
measure and building on this moderately performing biomarker should
be the way forward.
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Introduction

Although the immune system is efficiently armed to eliminate tumours
viewed as ‘altered self, immune responses to developing tumours are
often modulated or suppressed. The main goal of immunotherapy is to
induce and boost the ability of immune cells to destroy cancer. This can
be achieved using different strategies such as cancer vaccines, adoptive
transfer of tumour infiltrating lymphocytes (TILs), chimeric antigen
receptor (CAR)-T cells and immune checkpoint inhibitors (ICIs).

ICIs have demonstrated efficacy in many tumour types including met-
astatic melanoma and advanced non-small cell lung cancer (NSCLC),
also showing durable clinical response. However, the majority of patients
show resistance to ICIs. Such resistance may be either innate, if they
never responded, or acquired, if it follows an objective tumour response
(Figure 1). This resistance can be further subdivided into intrinsic, if elic-
ited by the tumour itself, or extrinsic, when resulting from the interaction
with normal stromal cells in the tumour microenvironment (TME). Envi-
ronmental factors such as microbiota, diet, hormone levels and metabo-
lism can further contribute in establishing ICI resistance.
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Figure | Mechanisms of resistance to ICl immunotherapy.

Innate resistance |mmunosuppressf

T cell excl i i
cell exclu Acquired resistance

Low mutational burden
Low non-synonymous
mutations
B2-microglobulin and
general loss of HLA
IPRES signature
JAKI1/2 and IFN
mutations

PTEN loss

Loss of non-silent
point mutations
(immunoediting)

Up-regulation of
alternative check
points

4

Environmental-related ‘

Microbiota
Metabolism
Diet
Hormone status

Abbreviations; HLA, human leukocyte antigen; ICl,immune checkpoint inhibitor; IFN, interferon; IPRES, innate anti-programmed cell
death protein | resistance; JAK Janus kinase; MDSC, myeloid-derived suppressor cell; PTEN, phosphatase and tensin homologue;
TIL tumour infltrating lymphocyte; T ., regulatory T cell

Tumour-intrinsic Mechanisms of IC| Resistance
Innate Mechanisms
The impact of the mutational status on ICl resistance

The tumour mutation burden (TMB) is a quantitative measure of the total
number of mutations per coding area of the tumour genome, and is con-
sidered a new clinical marker able to predict response to immunotherapy.
In this context, recent advances in sequencing technology have led to
the identification of thousands of somatic mutations in single cancer
samples, and the definition of hyper-mutated (melanoma and NSCLC)
versus low-mutated (breast, pancreas) tumour types. In essence, tumours
with high TMB are those caused by exposure to mutagens (such as
ultraviolet radiation for melanoma or cigarette smoke for lung cancer),
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or characterised by defects in DNA damage repair machinery. The idea is
that tumours with the highest number of somatic mutations are likely to
be enriched in neoantigens, and therefore potentially more immunogenic.

According to this hypothesis, the best response rate to ICIs is observed in
tumours with high frequencies of somatic mutations, such as melanoma
and lung cancer. In melanoma, the clinical benefit of cytotoxic T-lympho-
cyte antigen 4 (CTLA-4) blocking has been associated with the neoanti-
gen repertoire. Indeed, Snyder et al (2014) identified a neoantigen signa-
ture that was specifically present in patients who strongly responded to
CTLA-4 blockade. The identification of immunogenic peptides and evalu-
ation of the corresponding antigen-specific T cell response is complex and
unlikely to be routinely applied, due to the high costs, high technology
skills and facilities required. In brief, the tumour is analysed for the pres-
ence of non-synonymous somatic mutations in expressed genes by exome
sequencing. An algorithm is then used to predict proteasome processing
and human leukocyte antigen (HLA)-class binding, allowing the identi-
fication of epitopes likely to be recognised by CD8* T cells. High affin-
ity predicted peptides are synthesised, and TILs or peripheral blood CD8*
T cells from the patient are tested for reactivity through a tetramer-based
staining strategy. This approach allows monitoring of antigen-specific
T cell activity at different time points: before, during or after treatment.

As for anti-CTLA-4 immunotherapy, the mutational load also influences
the sensitivity to programmed cell death protein 1 (PD-1) blockade.
Available clinical data indicate a positive correlation between somatic
mutation frequency and the clinical benefit of PD-1/ programmed death-
ligand 1 (PD-L1) inhibitors, and tumours with the highest somatic muta-
tion rate, such as mismatch repair (MMR)-deficient cancers (melanoma
and NSCLC) showed the highest overall response rate. Whole-exome
sequencing of NSCLC treated with pembrolizumab, nivolumab and
atezolizumab showed, in independent cohorts, higher non-synonymous
mutation burden associated with improved objective response, dura-
ble clinical benefit and progression-free survival (PFS). Results for
the phase III clinical trial CheckMate 227, presented at the American
Association of Cancer Research (AACR) meeting in April 2018, showed
that in NSCLC patients with high TMB, nivolumab plus ipilimumab
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provided improved benefit compared with chemotherapy (ChT) or anti-
PD-1 monotherapy and yielded durable responses, sparing the use of
ChT in the first-line setting.

Overall, studies on melanoma and NSCLC have shown that high muta-
tional load and presence of antigen-specific CD8* T cells are associated
with improved overall survival (OS) in patients treated with ICIs. How-
ever, despite this favourable genomic landscape, most patients do not
respond to immunotherapy, suggesting that the mutational load could be
only one factor leading to effective patient response. Possible explana-
tion stems from the fact that CD8* T cell-dependent killing of cancer
cells requires efficient presentation of tumour antigens by HLA-I mol-
ecules. Chowell and colleagues (2018) investigated whether germline
HLA-I genotype influences T cell recognition of tumour peptides and
response to ICI immunotherapies. In a large advanced cancer patient
cohort (>1500) they found that heterozygosity at HLA-I loci was asso-
ciated with better survival than homozygosity for one or more HLA-I
genes. Maximal heterozygosity at all HLA-I loci (‘A,” ‘B’ and ‘C’)
improved OS after ICIs, compared with patients who were homozygous
for at least one HLA locus.

Data showing that tumours characterised by relatively low mutational
burden (such as renal cell carcinoma) can respond positively to immune
checkpoint blockade (ICB) further support the idea that additional factors
are likely to play an important role in modulating response to ICIs.

Somatic mutations in antigen presentation machinery genes

To avoid recognition and elimination by CD8* T cells, cancer cells often
harbour mutations in genes associated to major histocompatibility com-
plex (MHC) class I presentation, such as 32-microglobulin or transporter
associated with antigen processing (TAP). Alternatively, the lack of MHC
molecules can be associated with the partial loss of chromosome 6 that
harbours MHC class I and class II genes. HLA loss variants can appear
at different phases of tumour progression. Indeed, cell lines established
from the same melanoma patient at metastatic stage [V of disease exhib-
ited partial or complete HLLA loss, not detectable in cell lines established
earlier at stage III. Consistently, Sucker et al (2014) showed that earlier
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lesions were infiltrated by higher numbers of T cells, and corresponding
cell lines showed higher T cell stimulatory capacity compared with those
derived from stage IV metastases. Such HLA loss may result in escape
variants no longer recognised by specific CD8" T cells, and represents
the main obstacle in overcoming immunotherapy resistance. Addition-
ally, Chowell et al (2018) showed dependency of ICB responsiveness on
HLA heterozygosity with diminished response in case of loss of HLA
heterozygosity.

Presence of specific transcriptome signatures

Hugo and colleagues (2016) demonstrated that although the TMB is
associated with an improved OS in melanoma patients treated with anti-
PD-1 immunotherapy, the mutational status was not able to predict the
response to anti-PD-1 therapy, suggesting that other genomic or non-
genomic features contribute to ICI response. A transcriptional signature
known as IPRES (innate anti-PD-1 resistance) was found to characterise
innate resistant tumours. Notably, this signature was under-represented
in melanoma patients resistant to anti-CTLA-4 treatment, indicating that
innate mechanisms of resistance to anti-PD-1 or anti-CTLA-4 immu-
notherapy are likely different. Nevertheless, the IPRES signature was
found to be enriched in other anti-PD-1-resistant solid tumours, includ-
ing pancreatic adenocarcinoma, clear cell renal cell carcinoma and lung
adenocarcinoma. This signature comprises genes of the epithelial-mes-
enchymal transition (EMT), immunosuppressive genes, monocyte and
macrophage chemotactic genes, and genes related to wound healing and
neo-angiogenesis. The mechanisms responsible for EMT-induced immu-
nosuppression are not clear but may be related to deregulated expression
of immune checkpoints and alterations in cytokine and chemokine pro-
duction/activities. A different composition of extracellular matrix (ECM)
molecules is also able to influence the recruitment of immune-suppres-
sive cells and/or to exclude T cell infiltration, and could be considered
a possible mechanism for ICI resistance. Indeed, high-grade breast can-
cers with high expression of ECM molecules show a suppressive envi-
ronment characterised by the enrichment in myeloid-derived suppressor
cells (MDSCs) and the lack of T cells, together with EMT features.
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Mutations in JAK1/2 and interferon signalling

Another intrinsic mechanism of ICI resistance, found in both melanoma
and colon cancer, is the presence of homozygous loss-of-function
mutations in the Janus kinases, JAK1 and JAK2, tyrosine kinases that are
essential for interferon (IFN) intracellular signalling. In addition to JAK1/2
mutations, alteration in IFN signalling pathways, leading to anti PD-1 or
CTLA-4 resistance, could also be linked to somatic mutations in other
genes related to the IFN-y pathway, such as the IFN-y receptor (IFNGR)1
and IFNGR?2 and interferon regulatory factor 1 (IRF1). The potential bene-
fit of [FN-y produced by T cells reaching the tumour site (i.e. direct tumour
apoptosis, as well as increased antigen presentation by up-regulation of
MHC class I molecules, and production of chemokines that attract T cells)
would be lost by defective IFN-y signalling. JAK1/2 mutations have also
been found in other tumour histotypes, such as prostate and breast cancers.
Defective JAK1/2 pathways, besides being caused by tumour pre-exist-
ing genetic mutations, may also derive from epigenetic silencing and are
therefore considered an acquired mechanism of ICI resistance.

Although IFNs are important in the generation of an anti-tumour
immune response, recent evidence indicates that in conditions of pro-
longed IFN signalling and antigen exposure, they may have immunosup-
pressive roles. For example, they are responsible for the up-regulation
of PD-L1 and of other inhibitory pathways that may all contribute to
ICI resistance. Indeed, it has recently been shown that persistent type 11
IFN signalling induces signal transducer and activator of transcription 1
(STAT1)-related epigenomic changes in tumours, and enhances expres-
sion of ligands for different T cell inhibitory receptors, contributing to
the establishment of a resistance programme.

Phosphatase and tensin homologue loss

Phosphatase and tensin homologue (PTEN) loss commonly occurs in
several cancers, including in approximately 30% of melanomas where it
correlates with resistance to ICI immunotherapy. Knock-down of PTEN
decreases the ability of T cells to kill tumour cells expressing the mela-
noma tumour antigen gp100. Moreover, silencing of PTEN reduces the
ability of adoptively transferred T cells to kill melanoma tumours in vivo
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when compared with tumours expressing PTEN. Melanoma patients
with tumours that express PTEN generally achieved greater reduction
of tumour size upon ICI treatment in comparison with patients with
tumours not expressing PTEN.

Whnt/B-catenin pathway activation

Aberrant regulation of the Wnt/fB-catenin pathway has been linked to
cancer development and progression, more aggressive behaviour and
worse prognosis in different types of cancers. For example, active Wnt/3-
catenin signalling has been reported in one-third of melanoma tumours;
recently the laboratory of Thomas Gajewski (Department of Pathology,
University of Chicago, IL, USA) provided an elegant demonstration of
activation of Wnt/f3-catenin signalling contributing to the lack of T cell
infiltration in melanoma. Using spontaneous mouse melanoma models,
he identified the mechanism by which active B-catenin signalling in the
tumour cells results in T cell exclusion and, consequently, resistance to
anti-PD-1 or anti-CTLA-4 therapy.

Tumour-intrinsic active -catenin pathway may therefore contribute to
the ‘non-T cell inflamed’ tumour phenotype, alternatively referred to as
‘cold’, in contrast to ‘hot” tumours, characterised by T cell infiltration.

The latter phenotype shows this positive prognostic value for different
types of early-stage cancer. In the metastatic setting, it is generally asso-
ciated with better response to different immunotherapies, including ICB,
cancer vaccines and adoptive T cell transfer.

Acquired Mechanisms
Loss of non-silent point mutations

Although neoantigens represent attractive therapeutic targets, they also
contribute to cancer immunoediting. This process involves T cell-selec-
tive pressure on cancer cells, which results in the selection of less immu-
nogenic tumour cell clones, which are spared from T cell killing. As an
example, the analysis of matched pre-treatment and resistant tumours
from NSCLC patients identified genomic changes that resulted in loss of
mutation-associated neoantigens in the resistant clones.
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Tumour-extrinsic Mechanisms of IC| Resistance
Immunosuppression

Among extrinsic factors that can negatively impact on ICI-based immu-
notherapy, the generation of an immune-suppressive TME is one of the
most relevant. Tumour immune suppression depends on the recruitment
of a variety of immune cells, including MDSCs, dendritic cells (DCs),
tumour-associated macrophages (TAMs) and regulatory T cells (T,,,),
that through common or cell type-specific mechanisms suppress T cell
recruitment and responses. Several pieces of evidence, mostly obtained
from melanoma patients, suggest that high tumour infiltration by MDSCs
is associated with poor prognosis and resistance to ICI therapy.

MDSCs are mostly characterised by the production of nitric oxide
(NO) that, reacting with O, in the TME, allows the generation of differ-
ent reactive nitrogen species (RNS). RNS modify, post-translationally,
chemokines involved in T cell recruitment at the tumour site, includ-
ing CCL2. Of note, nitrosylated CCL2 maintains its capacity to recruit
immunosuppressive myeloid cells but fails to sustain T cell recruitment.
MDSCs can also release the metabolic enzyme indoleamine 2,3-dioxy-
genase (IDO) that inhibits T cell expansion and promotes the conversion
of naive T cells into T,,,.. On the same line, TAMs can also promote the
immunosuppressive environment by acting on T, via immunosuppres-
sive cytokines, such as interleukin-10 (IL-10) and transforming growth
factor § (TGFp). Notably, the number of intratumoural T, could be
responsible for resistance to anti-PD-1 therapy in tumours that would
have been expected to positively respond to immunotherapy because

they are enriched in infiltrating CD8* T cells.

Emerging evidence also points to an indirect mechanism through which
TAMs and myeloid cells can mediate ICI resistance. These cells can cap-
ture anti-PD-1 monoclonal antibody (mAb) from the surface of T cells
with a mechanism involving Fcy receptors (FcyRs), dampening the effi-
cacy of the antibody. On this line, Arlauckas et al (2017) demonstrated
in mice that in vivo blockade of FcyRs before treatment with anti-PD-1
mAb enhanced immunotherapy-induced tumour regression.
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Generation of a Lymphocyte-excluded State

Effective immunotherapy relies on cancer cells being killed by cytotoxic
T cells. Therefore, a relevant step in this process is the physical interac-
tion between antigen-specific T cells, generated within the draining lymph
nodes, and tumour cells. Different factors can impair the recruitment of
T cells in the TME. Cancer cells and cancer-associated fibroblasts can
also contribute to T cell exclusion through ECM fibre production and
cross-linking. Tumours whose genetic programme includes ECM mol-
ecules showed a different enrichment in immune-related genes. ECM-rich
high-grade breast tumours are impaired in the expression of genes related
to natural killer (NK), T and B cells, which otherwise are enriched in their
non-ECM rich, less aggressive counterparts. Conversely, tumours with a
high collagen density are enriched in myeloid cells localised in close con-
tact with tumour cells. It has been shown that T cells easily migrate in
a loose collagen matrix, while, on the contrary, a dense collagen matrix
hampers T cell migration. This suggests that the interaction between the
ECM signature with immune and stromal signatures that are indepen-
dently prognostic, per se, might be informative for patient selection for the
most appropriate immune-based therapeutic approach.

Up-regulation of Alternative Checkpoint Pathways

Immunotherapy may affect the TME up-regulating alternative checkpoint
pathways and therefore contribute to acquiring resistance to ICIs. This
has been demonstrated for T cell immunoglobulin and mucin domain 3
(TIM-3), both in NSCLC patients and corresponding mice models. Simi-
larly, T cells can up-regulate lymphocyte-activation gene 3 (LAG-3) and
CTLA-4 after anti-PD-1 treatment.

Environmental Host Factors

Tumour Metabolism

Accumulating evidence suggests that the metabolic interplay between
cancer and immune cells can play an important role in the regulation of
the immune response and, consequently, in regulating response to immu-
notherapy. Such cross-talk is based on effector T cell and tumour cell use
of the same metabolic pathway and their competition to obtain energy.
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In the TME, the oncogenic mutations, hypoxic condition and/or the low
uptake of blood-borne nutrient shift the metabolism from a mitochon-
drial oxidative phosphorylation towards an aerobic glycolysis (Warburg
effect). A similar shift also occurs in lymphocytes upon activation. Dur-
ing activation, T cells reprogramme themselves from a mitochondrial to
a glycolytic metabolism. As a result, in the TME, highly proliferating
tumour cells would deprive T cells from environmental nutrients, leading
to T cell anergy/inactivation. Interestingly, a direct loop has been identi-
fied between PD-L1 and the change in metabolic pathway in tumour cells.
Chang and collaborators (2015) showed that PD-L1 can directly trigger
glycolysis and Akt activation in tumour cells while suppressing mam-
malian target of rapamycin (mTOR) activation in T cells through glucose
deprivation. Checkpoint blockade with anti-PD-L1 antibodies reverted
this condition by promoting T cell activation. It is not completely clear
how blocking PD-L1 is sufficient to revert the metabolic pathway in the
different cancer types, but a possible phosphorylation of the short cyto-
plasmic PD-L1 tail has been suggested. Like glucose metabolism, amino
acid metabolism can impact T cell activation. For example, tumour cells
can produce the enzyme IDO, which depletes the amino acid tryptophan
in the TME, resulting in T cell inhibition. Finally, cancer metabolism
can also be changed by DNA damage repair. DNA damage response has
been shown to regulate metabolic pathways and MMR-deficient patients
showed higher objective clinical responses to anti-PD-1 therapy com-
pared with MMR-proficient patients. Overall, these data suggest consid-
ering dietary and pharmacological approaches targeting tumour metabo-
lism for combination treatment in association to immunotherapy.

The Microbiota

Microbiota defines commensal bacteria with homeostatic functions that
are present at mucosal sites. The microbiota can affect different aspects
of tumour biology, including transformation and response to immuno-
therapy. Alterations in the microbiota can result from exposure to envi-
ronmental factors (i.e. diet, toxins, drugs) and pathogens. Enteric path-
ogens have the greatest potential to induce microbial dysbiosis and to
trigger local and systemic auto-inflammatory conditions that, in turn, can
promote cancer development in the gut, but also in other extra-intestinal
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sites (i.e. hepatocellular carcinoma and breast cancer). The mutual rela-
tionship between the gut microbiota and the immune system suggests the
potential relevance of the gut microbiota in modulating host response to
immunotherapy. Pioneering studies in murine models showed that anti-
biotic-mediated disruption of the microbiota impaired the effectiveness
of CpG-based immunotherapy. In humans, some evidence suggests that
the efficacy of CTLA-4 and PD-1 blockade depends on distinct Bacte-
roides species of the gut microbiota. Specific microbiota can also prevent
the development of colitis, a common side effect of ICI immunotherapy.

Metagenomics, metatranscriptomics and culturomic platforms now pro-
vide the opportunity to determine the microbiome of a patient, opening the
possibility of using probiotics, prebiotics and/or carefully selected anti-
biotics in preparation for subsequent ChT or immunotherapy alone or in
combination.

Unmet Needs

Two of the most important unmet needs are the identification of pre-
dictive biomarkers of responsiveness, and the development of suitable
response criteria. The need for biomarkers of response to immunother-
apeutic agents relies on the great variability of responses to ICIs and,
therefore, the difficulties of patient selection for appropriateness of care.
One of the most widely used biomarkers to predict response to anti-PD-1
is the expression of PD-L1 on tumour cells detected by immunohisto-
chemistry (IHC). However, contradictory results have been obtained
regarding the role of PD-L1 expression as a marker of response, as in
some cases tumours that were negative for PD-L1 did respond, whereas
PD-L1-expressing tumours did not. Although the different criteria (cyto-
plasmic versus surface expression) and antibodies used to evaluate
PD-L1 expression partially explain such unexpected results, the biologi-
cal mechanisms behind this complex picture are still to be identified, but
a match with the co-presence of PD-1-positive CD8 cells should prob-
ably identify the responding PD-L1-positive tumours.

Another unmet need is the definition of ICI response criteria. Consid-
ering their mechanisms of action, patient response to these treatments
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cannot be measured with conventional criteria such as World Health
Organization (WHO) or Response Evaluation Criteria In Solid Tumours
(RECIST). In some cases, the initial response is characterised by an
apparent increase in tumour size that, however, is not due to enhanced
tumour cell proliferation but rather to increased T cell infiltration. This
phenomenon, referred to as ‘pseudoprogression’, prompted the proposal
of new response criteria in 2009, the immune-related response criteria
(irRC). Although proven useful in some instances, several issues related
to irRC such as tumour measurement (bidimensional versus unidimen-
sional) and timing of response assessment (4-week window or longer
timeframe) remain to be addressed. The reported cases of hyperprogres-
sion quickly following PD-1 or PD-L1 ICI treatment are cause for con-
cern. The remarkable clinical and imaging worsening may affect roughly
20% of treated patients with epidermal growth factor receptor (EGFR)
alteration and 4% of those with MDM2 family amplification, but other
undefined mechanisms might be involved.

Finally, the many possibilities of combination therapies (with radio/ChT or
immune co-stimulation) that could be given together or that require proper
sequence should be carefully assessed using the adaptive trial design.
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Overview of Immunotherapy in Melanoma

Recent advances in cancer treatment have ushered in a novel era of immu-
notherapy, providing new treatment options. Melanoma has always been
described as an immunogenic tumour, and several immunomodulatory strate-
gies have been tested. Nevertheless, chemotherapy (ChT) remained the stand-
ard-of-care (SoC) for metastatic melanoma (MM) until 2011, with response
rates (RRs) of 15%—-20%, albeit with no overall survival (OS) benefit. Before
immune checkpoint inhibitors (ICIs), the only approved immunotherapeutic
agent for MM was high-dose interleukin-2 (IL-2). With an overall response
rate (ORR) of 16% and a median response time of 8.9 months, the main
benefit of this treatment was the possibility of a sustained response, with 28%
of patients showing no signs of progression after 5 years. IL-2 was, however,
susceptible to induce severe treatment-related toxicities, and could therefore
only be considered a treatment option for fit patients in specialised centres.

ICIs revolutionised the treatment of metastatic/unresectable melanoma,
with several randomised clinical trials showing survival benefits, finally
leading to the approval of the first immune checkpoints by regulatory
authorities, FDA (Food and Drug Administration) and EMA (European
Medicines Agency): the anti-CTLA-4 (cytotoxic T-lymphocyte antigen
4) antibody ipilimumab and subsequently the anti-PD-1 (programmed
cell death protein 1) antibodies nivolumab and pembrolizumab.
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Immunotherapy in Metastatic/Unresectable

Melanoma
Anti-CTLA-4 Antibodies

Two pivotal phase III trials (CA 184-002 and CA 184-024) led to the
approval of ipilimumab. In previously treated patients, ipilimumab 3 mg/
kg was associated with an improvement in median survival of 3 months
compared with gp100 vaccine therapy. More importantly, there was a
tail on the survival curve, with some patients gaining a sustained benefit.
A phase III trial compared ipilimumab 10 mg/kg in combination with
dacarbazine (DTIC) versus DTIC alone in treatment-naive patients.
Median OS was significantly better in the combination group (11.2 ver-
sus 9.1 months), but, as the combination was associated with unexpect-
edly high liver toxicity, it was not submitted for approval. Ipilimumab
treatment is associated with a substantial risk of immune-related adverse
events (irAEs). In clinical trials, >80% of patients treated with ipili-
mumab reported adverse events (AEs): 10%—26% experienced grade >3
irAEs (enterocolitis in 34 [6.7%] patients, hepatotoxicity in 8 [1.6%],
dermatitis in 13 [2.5%] and endocrinopathies in 9 [1.8%] patients).
A pooled analysis of 1861 patients treated with ipilimumab with a maxi-
mum follow-up (FU) of 10 years revealed a 3-year OS of 21% and a pla-
teau on the OS curve, representing the long-term responders subgroup.
Based on these results, ipilimumab became an SoC in the first and sub-
sequent lines settings.

The superiority shown by anti-PD-1 agents in clinical trials made them
the drugs of choice as first-line immunotherapy, leaving ipilimumab
(when not used in combination with an anti-PD-1) with an uncertain role
in the treatment algorithm of melanoma.

An important question is the activity of ipilimumab after another first-
line single-agent PD-1 therapy. A retrospective study of the KEY-
NOTE-006 trial (see below) showed an RR of 16% and 1-year OS of
68% in patients progressing on pembrolizumab and treated in second
line with ipilimumab. Similarly, in the CheckMate 067 study (below),
26% of patients progressing on nivolumab received ipilimumab, contrib-
uting to the 3-year OS of 52% for the nivolumab arm.
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Anti-PD-| Antibodies

The clinical development of anti-PD-1 antibodies was a milestone in
the treatment of advanced melanoma. Pembrolizumab and nivolumab
are currently approved in this indication. Phase I and II trials showed
significant clinical activity associated with these agents, with a favour-
able toxicity profile. In the phase III CheckMate 037 trial, nivolumab
(3 mg/kg every 2 weeks [q2w]) was compared with investigator’s choice
ChT in previously treated patients who progressed on ipilimumab
or BRAF inhibitors. ORR, the primary endpoint, was higher in the
nivolumab group: 31.7% versus 10.6%. In first-line setting, nivolumab
was compared with DTIC in BRAF wild-type melanoma patients in the
CheckMate 066 trial. The primary endpoint was met, with a median OS
not reached in the nivolumab group compared with 10.8 months in the
DTIC group. Nivolumab was associated with a better progression-free
survival (PES) (5.1 versus 2.2 months) and ORR (40.0% versus 13.9%).

The phase III KEYNOTE-006 trial was designed to compare
pembrolizumab with ipilimumab in checkpoint inhibitor-naive patients.
OS and PFS were co-primary endpoints of this study, and patients were
randomised 1:1:1 to receive one of two schedules of pembrolizumab
(10 mg/kg, 2w or q3w) or ipilimumab 3 mg/kg q3w. Results showed
a median OS not yet reached in the pooled pembrolizumab arms versus
16 months in the ipilimumab arm, and a 2 year-OS also superior for the
anti-PD-1 (55% versus 43% with ipilimumab). The co-primary endpoint
of PFS was met, with a median of 5.6 and 4.1 versus 2.8 months for each
pembrolizumab arm and ipilimumab, respectively, and ORR of 36% and
37% versus 13%, also favouring pembrolizumab.

Pembrolizumab and nivolumab have shown a significantly better safety
profile compared with ipilimumab. The incidence of grade 3—4 treat-
ment-related adverse events (trAEs) with PD-1 inhibitors ranges from
10%—16%, compared with 19%—27% with ipilimumab. The most com-
mon anti-PD-1-associated toxicities are fatigue, cutaneous toxicity (rash
and pruritus), diarrhoea and endocrinopathies.

One of the important benefits of immunotherapy is the possibility of
achieving sustained responses, due to activation of the immune system
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leading to memory being established. This potential for prolonged clini-
cal response also raises the question of how long to continue treatment
in responding patients. The first glimpse of an answer came from the
long-term results of the KEYNOTE-001 and -006 trials. In the latter,
treatment was halted after 2 years of pembrolizumab. Results from the
104 patients who completed therapy and had a median FU of 9.7 months
revealed that 98% were alive. The estimated PFS at this timepoint was
91% for the overall population, 95% for patients who achieved a com-
plete response (CR), 91% for patients with partial response (PR) and
83% for patients with stable disease (SD). Trials are ongoing or planned
in Canada and the UK to address this question directly.

Combination of Checkpoint Inhibitors

The exciting results achieved with single immune checkpoint agents led
to the investigation of combinations of ICIs with different mechanisms
of action (anti-PD-1 and anti-CTLA-4).

This approach was initially investigated in the phase II CheckMate
069 and in the phase III CheckMate 067 trials. The latter compared
ipilimumab 3 mg/kg plus nivolumab 1 mg/kg or placebo for 4 cycles,
followed by nivolumab 3 mg/kg q2w or placebo, versus single-agent
nivolumab or ipilimumab 3 mg/kg. The trial was designed to compare
the nivolumab arms with ipilimumab, but not to compare the nivolumab
arms directly. ORR and median PFS were significantly higher for the
combination arm (Table 1). At 2 years, the survival curves had separated,
with an OS rate of 64% for the combination versus 59% and 45% for the
single agents nivolumab and ipilimumab, respectively. A recent update
showed a 3-year OS rate of 58% for the combination and 52% for the
nivolumab arm. Subgroup analysis showed that the benefit for combina-
tion therapy was higher in younger patients, those with BRAF-mutated
tumours and those with low programmed death-ligand 1 (PD-L1) expres-
sion. These results were, however, at the expense of high toxicity, with
grade 3—4 AEs in 58% of patients treated with the combination. Based
on these results, the combination regimen of ipilimumab plus nivolumab
was approved by the regulatory authorities.
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Table | Immunotherapy in Melanoma Clinical Trials

‘Sfeam X Adona myb

[PAIAINS [[E43A0 'S0 ‘97 35U0dsal [[BIAN0 ‘YO [EAININS 32.J-UoIssauB0.d UPIPAUI 'S4l ‘[EAIAINS [[eJ9N0 UBIPAU ‘SO ‘aUizequedep ‘D) | ( Adesaiowai ‘| U ‘Uans 95JaApe ‘Jy SUONeiAIqqy

8C
IC

65

9Ll
L1

143
vl

0t
LI

9
4l

i
€95

(%) s3v
¥/€ 3peID)

i3
S

8S

[44

80¢
(stpuow)
SO Jeak-¢

g
69

¥9

L9C
LLS

134
S

0¢
8E-9¢

(YAl

G8C
(sypuow)
SO Jeak-7

L9
YL

€L

I'ty
6L

65
v[89

£9¢

(VA2
(sypuow)
SO Jeak-|

66l
9LE

vl
LS|

Il
LY1VEl

I'6

Cll
(sypuow)
sow

6
69

8T
'S99

LT
6¢

13

3
(sypuow)
Sddw

6
a4

85

6€l
00y

00l
0L

el
LE9€

4
SCIt

€0l
s
(%)
WO

S

K

3\

ON

ON

ON

SN

SARU
usuneal|

(S0SK+8101ON 290 3rRIWPPRUYD)
(mgb 38w ) qewnwid Jo
(mb B3 ¢) gewnjoniN sA

(mzb B/3w ¢ qrWN|OAIN « § X Mgb

By/8w ¢ + 3 Bw |) qewnuiid] + gewnjoAN

(TLL1TL10LDN 990 S¥epppayD)
(meb t,w/Bw 0001 ) DILA S
(Mzb B4/Bw ) qeunjonN

(9£1TL101DN'LE0 31E,pPaYD)
D
(mb By/8w €) gewnjonN

(61£998101ON900-1LONATN)
(mgb B8 ¢) qewnwiid) sA
(mgb do mzb B3 () gewnzioiquiad

(£8740£101DN ‘T00-TLONAT)

D
(mgb B/3w (| o 38w 7) qrwnzijoquiag

(SSI14TE00.LON HZ0+81¥D)
(meb /B 0gg) DILQ A
DILA + (mgbByBui o) qewnuwd)

77

2.1 Melanoma



Assuming that much of the toxicity seen with combination therapy was
due to the use of full-dose ipilimumab 3 mg/kg, the combination of
pembrolizumab and reduced-dose ipilimumab was investigated in the
phase Ia-Ib KEYNOTE-029 study. Ipilimumab dose was reduced to
1 mg/kg and combined with 4 doses of pembrolizumab 3 mg/kg q3w,
followed by pembrolizumab alone. This combination showed an inci-
dence of grade 3—4 AEs of 42% and an ORR of 57% in the exploratory
analysis. The results of a phase III study are expected soon.

Brain Metastasis

Metastatic disease in the central nervous system is present at diagnosis
in approximately 10% of MM patients, leading to significant morbidity.
Surgery and stereotactic radiotherapy are the main treatment for patients
with small-volume metastases, with BRAF-directed therapy active in eli-
gible patients. Recently, combined checkpoint inhibition has emerged
as a new option for these patients. Compelling evidence from two phase
II studies, CheckMate 204 and Anti-PD-1 Brain Collaboration (ABC),
was recently presented and supports the combined use of nivolumab and
ipilimumab in this subgroup, leading to favourable RRs with concomi-
tant systemic control. Of note, both trials only included asymptomatic
patients with brain metastasis.

The CheckMate 204 trial included steroid-free patients with at least
one brain lesion. The primary endpoint was intracranial clinical ben-
efit — a composite endpoint including CR, PR and SD for more than six
months. The intracranial ORR was 56%, with 19% of patients achieving
CR. Extra-cranial responses were largely concordant with intracranial
responses and the six-month PFS rate exceeded 65%. Similarly, in the
combination cohort of the Australian ABC trial, an intracranial benefit of
42% and a 15% CR rate were achieved.

Talimogene Laherparepvec

Talimogene laherparepvec (T-VEC) is an oncolytic herpes virus geneti-
cally modified to express granulocyte—-macrophage colony-stimulating
factor (GM-CSF). Intra-lesional injection results in both tumour destruc-
tion and recruitment of dendritic cells, leading to immune activation and
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a distant effect. T-VEC was licensed based on the OPTIM study, which
showed a durable response at 6 months compared with GM-CSF in
patients with inoperable stage Illc and IVM1a disease. Promising results
have also been seen in combination with ICIs. The phase IB trial Mas-
terkey-265 reported a confirmed ORR of 57.1% and an unconfirmed CR
rate of 28.8% for T-VEC combined with pembrolizumab.

Adjuvant Immunotherapy in Melanoma

Until recently, the adjuvant setting presented a major gap in melanoma
treatment. The treatment of choice in this setting used to be high-dose
interferon-alpha (IFN-o) for stage IIB/III melanomas. Several trials
(Eastern Cooperative Oncology Group [ECOG] E1684, E1690, E1694)
showed a benefit in recurrence-free survival (RFS), but inconsistent results
in terms of survival benefit. A meta-analysis of IFN trials showed a very
modest impact on OS, and no clear impact of dose or duration of treatment.
The FDA approved pegylated-IFN (PEG-IFN) for stage III melanoma
patients, based on the European Organisation for Research and Treatment
of Cancer (EORTC) 18991 trial in 1256 patients, which reported signif-
icant improvement in RFS in favour of PEG-IFN-a2b. Updated results
with a median FU of 7.6 years showed that the greatest benefit was seen
in patients with microscopic nodal disease who had ulcerated primary
tumours, and no benefit was seen in non-ulcerated tumours.

Ipilimumab was investigated in the adjuvant setting in two randomised
phase I1I trials comparing it with placebo (EORTC 18071) and high-dose
INF-a (ECOG 1609). In the EORTC trial, ipilimumab (4 doses of 10
mg/kg q3w, and then every 3 months for 3 years) showed favourable out-
comes in RFS, distant metastasis-free survival (DMFS) and OS. Results
evidenced a 5-year RFS of 40.8% versus 30.3%, and a 5-year OS rate of
65.4% versus 54.4% in favour of ipilimumab. Ipilimumab was associ-
ated with a high rate of toxicity, with 41.6% of grade 3—4 irAEs and five
deaths. This trial led to the approval of adjuvant ipilimumab (10 mg/kg)
by the FDA, but ipilimumab was not submitted to the EMA for approval.

More recently, the results of CheckMate 238 were reported (Table 2).
This trial tested nivolumab versus ipilimumab for 1 year and included
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Table 2 Adjuvant Immunotherapy in Melanoma Clinical Trials
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stage IIIB, IIIC or resected stage IV patients. The primary endpoint was
RFS. Nivolumab showed a higher 12-month RFS rate (70.5% versus
60.8% with ipilimumab), which was significantly longer. The toxicity
profile was also better with nivolumab, with 14.4% of AEs grade 3—4
versus 45.9% with ipilimumab. Nivolumab has recently been approved
as an adjuvant treatment by the FDA. OS data are pending.

Another ongoing phase III clinical trial is evaluating adjuvant pembroli-
zumab versus placebo in stage III melanoma patients (EORTC 1325/
KEYNOTE-054 trial). In April 2018, a press release reported that the
study had met the primary endpoint with a hazard ratio of 0.57 for RFS
with pembrolizumab (98.4% confidence interval: 0.43-0.74; p<0.0001).

Immunotherapy Versus Targeted Therapy

For patients with a BRAF-driver mutation, the combination of BRAF
with MEK inhibitors is currently an SoC. Targeted treatment is asso-
ciated with higher responses and shorter time-to-response compared
with immunotherapy, with a distinct toxicity profile. Both treatment
approaches have the potential for sustained durable disease control in
patients with favourable prognostic factors. It is unclear how to opti-
mally sequence treatments for patients with BRAF mutations. Several
clinical trials are ongoing to address this question. There is evidence
that targeting the MAPK pathways has a direct impact on the immune
system, including increased melanoma antigen expression, decreased
immunosuppressive cytokine production, increased CD8* T cell infiltra-
tion, increased T cell clonality, increased PD-L1 expression and Class I
major histocompatibility complex (MHC) upregulation. This benefit is
lost in tumours becoming resistant to targeted therapy. Rather than treat
to progression, one strategy under evaluation is to switch to immuno-
therapy after a short induction treatment with targeted therapy, and to
switch back if the patient subsequently progresses on immunotherapy, so
that the melanoma would still be sensitive to targeted therapy.

Another approach is a triplet combination of BRAF/MEK and anti-
PD-1 inhibitors, now under evaluation in clinical trials. In previously
untreated BRAF-mutant melanoma patients, COMB-I (NCT02967692),
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a phase III study of dabrafenib + trametinib + PDR0O01 (a PD-L1 inhibi-
tor) was developed to explore the efficacy and toxicity of combinations.
TRILOGY (NCT02908672), a phase III study with atezolizumab (anti-
PD-L1 antibody), vemurafenib and cobimetinib, is also addressing this
question. Management of overlapping toxicities poses a challenge, e.g.
drug-induced versus immune hepatitis (NCT02130466, NCT02967692,
NCT02908672).

In the absence of randomised, prospective data to help guiding current
treatment decisions, it is crucial to consider both patient and disease
characteristics (performance status, tumour-related symptoms, co-mor-
bidities, tumour burden, growth rate) and patient wishes, to select the
best treatment approach.

The Endless Search for a Biomarker

A significant number of patients do not benefit from ICIs, with approxi-
mately 30%—-40% of patients refractory to single anti-PD-1 treatment.
Identifying a predictive biomarker has been a major focus over the last
few years.

Given the mechanism of action of anti-PD-1 agents, expression of the
target on tumour cells would be a logical biomarker to study. However,
PD-L1 expression is not a very reliable biomarker for many reasons,
including results being dependent on the platform used, expression being
inducible, etc. There is evidence of an increased RR with increased
expression, though tumours with low expression can still respond to PD-1
inhibitors. PD-L1 expression can help to identify patients more likely to
benefit from combination immunotherapy. In the CheckMate 067 study,
patients with low levels of PD-L1 expression responded better to combi-
nation ipilimumab plus nivolumab versus single-agent nivolumab (PFS
of 11.2 versus 5.3 months), the PFS for patients with >5% expression of
PD-L1 being similar for both treatment arms at 14 months.

High rates of somatic mutations are believed to translate into increased
neo-epitope formation, contributing to tumour immunogenicity. How-
ever, mutational load itself is not enough to account for response to ICIs,
and neoantigen expression (particularly clonal neoantigens) is responsi-

82 Teixeira de Sousa et al.



ble for T cell activation. The presence of key signalling pathways is also
required to allow spontaneous T cell response. Understanding these key
factors on an individual patient basis allows treatment strategies to be
tailored, but remains an experimental approach.

Recent data suggest a link between toxicity and response. A systematic
review of patients treated with immunotherapy showed that those who
developed vitiligo-like depigmentation had a two- to four-fold lower risk
of disease progression and death, respectively. Furthermore, there was
no evidence that patients receiving immunosuppression in the form of
high-dose corticosteroids or infliximab had a lower RR than untreated
patients. Recent subgroup analysis of the CheckMate 067 study has
shown that patients discontinuing treatment because of toxicity had a
higher RR than those not experiencing significant toxicity.

Future Perspectives

The landscape of melanoma treatment has changed dramatically over the
last 7 years, transforming the outcome for patients. There is no evidence
that the pace of progress is slowing. New, rational combinations are
being tested, focusing on increasing the immune response, reducing tox-
icity and personalising treatment for individual patients. The outcomes
for rare subtype of melanomas (e.g. mucosal, uveal), which are biologi-
cally distinct from cutaneous melanoma, remain poor and the develop-
ment of more effective systemic therapy is mandatory.

While ICIs result in durable responses, this is not the case for all patients.
Many different strategies are being studied to improve outcomes for
patients: strategies to increase T cell infiltration of tumours, antigen
release and recognition, to modulate the tumour microenvironment
(TME), evaluation of new checkpoint inhibitors and combination with
targeted therapy. Combination strategies are being evaluated in many
clinical trials. Some examples are given below, but this is not a com-
prehensive list and the reader is directed to clinicaltrials.gov for more
information.

IDO-1 (indoleamine 2,3-dioxygenase 1) is overexpressed in several can-
cers, including melanoma, resulting in suppression of T cell function

2.1 Melanoma 83



within the TME. While IDO-1 inhibitors have no activity as single agents,
an RR of 53% was observed in a phase II study when indoximod, an IDO
inhibitor, was given in combination with pembrolizumab. Similar results
were observed with the epacadostat/pembrolizumab combination.

Histone deacetylase inhibitors (HDACis) were also combined with ICIs.
The ENCORE 601 phase II trial tested pembrolizumab in combination
with entinostat and demonstrated favourable results that warrant phase
IIT confirmation.

Another appealing concept is the concurrent engagement of the target
cell antigen and CD3 receptor BITE (bispecific T cell engager), leading
to activation of polyclonal cytotoxic T cells and resulting in target lysis.
Several new BITEs have been developed (carcinoembryonic antigen,
human epidermal growth factor receptor 2, prostate-specific antigen),
and are currently being tested both in monotherapy and in combination
with anti-PD-1 agents.

Adoptive cell therapy can result in a durable benefit in selected patients,
particularly the 20% that achieve a CR. Ongoing studies are comparing
tumour infiltrating lymphocyte (TIL) therapy with ICIs and evaluating
the role of low-dose IL-2 to reduce the significant toxicity of this treat-
ment, making it an option for more patients. A major focus is on identify-
ing biomarkers of response, either at the start of or on treatment. These
will allow more rational use of these effective and expensive treatments.
The exciting results from adjuvant trials will undoubtedly translate into
approvals in this setting, but how this will impact on the treatment of
advanced disease is unknown. Immunotherapy in melanoma sets a prec-
edent for advances in many other cancer types, and will continue to do
for the foreseeable future.
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Overview

Merkel cell carcinoma (MCC) is an aggressive skin malignancy with
a high disease-associated mortality rate. The carcinogenesis of MCC
in the northern hemisphere is predominantly associated with the Mer-
kel cell polyomavirus (MCPyV) in around 80% of tumours and a high
mutational burden characterised by an ultraviolet (UV) signature in the
remainder. Both viral- and UV-associated carcinogenesis result in per-
sistent expression of immunogenic antigens (viral proteins or neoanti-
gens), which provides a strong rationale for testing immunotherapy in
this disease (Becker et al, 2017). Indeed, immune checkpoint inhibitors
(ICIs) for treatment of metastatic MCC are extremely effective and have
led to a remarkable improvement in patient outcomes. In this chapter,
we review the recent advances in MCC treatment with a special focus
on ICIs. We also discuss the currently unmet treatment needs of MCC
patients and the future directions for MCC research.

Introduction

MCC is an aggressive neuroendocrine skin cancer with a disease-
associated case fatality rate three times that of malignant melanoma
(46% versus 15%). MCC is an uncommon cancer with an estimated
2500 cases in the United States in 2013. The number of cases in Europe
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is less clear, since most of the cancer registries are restricted to individual
countries; however, it is assumed that the incidence is comparable to that
of the Caucasian population in the United States (Stang et al, 2018). The
reported incidence is constantly increasing since the initial description
by Toker in 1972. This increase is in part due to heightened awareness
and improved detection, but is also likely due to the higher prevalence of
known risk factors for MCC (immune suppression; Caucasian >50 years
of age with extensive prior sun exposure).

MCC is an aggressive cancer with prognosis dependent on the stage at
presentation. Stages I and II represent low-risk and high-risk primary
disease, respectively, while stages III and IV include the presence of
nodal and distant metastases, respectively. The reported 5-year rela-
tive survival (an estimate for disease-specific survival) for patients with
local, nodal and metastatic disease is 64%, 39% and 18%, respectively.
Although surgery and/or radiotherapy (RT) may be curative for patients
with loco-regional MCC without distant metastases, relapse is common
and often difficult to treat. There is no established adjuvant systemic
therapy after definitive management. For patients with distant metastatic
disease not amenable to surgery or RT, systemic chemotherapy (ChT)
was, until recently, the only treatment option beside best supportive
care. The reported objective response rate (ORR) with either mono- or
poly-ChT regimens is high, in some reports up to 60%. However, the
clinical benefit is usually short-lived with a median progression-free sur-
vival (PFS) of only 3 months, and the impact on survival is unclear and
thought to be modest at best.

Fortunately, rapid strides have recently been made in our understanding
of the biology of MCC providing a strong rationale for the investigation
of immunotherapies in this aggressive disease. These initial investiga-
tions have been extremely successful, leading to remarkable advances in
therapies for metastatic MCC in a relatively short period of time.

Immunology of MCC

Epidemiological data had long suggested a strong link between MCC
and the immune system. Individuals with T cell dysfunction (solid organ
transplant recipients, human immunodeficiency virus [HIV]-infected
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patients with acquired immunodeficiency syndrome [AIDS] or chronic
lymphocytic leukaemia patients) have a 5- to 15-fold increased risk of
developing MCC (Stang et al, 2018). MCC tumours sometimes regress
following improvement in immune function. Additionally, there are sev-
eral reported cases (Pang et al, 2015) of complete spontaneous regression
(a far greater number than expected for its rarity). These epidemiologi-
cal data had raised the possibility of an infectious aetiology for MCC.
Indeed, the discovery of the MCPyV in 2008 provided the missing link
between MCC and its strong association with the immune system. This
strong association was independently confirmed in an unbiased gene
expression analysis of MCC tumours, which revealed overexpression
of immune response genes in tumours with favourable prognoses (Paul-
son et al, 2011). Intra-tumoural infiltration of CD8* lymphocytes was
found to be an independent predictor of improved survival among MCC
patients in a cohort of 156 MCC cases. It should be noted, however, that
a substantial number of these cases did not express the MCPyV-derived
oncoproteins on a messenger RNA (mRNA) level. Indeed, approximately
20% of MCC cases in the United States and Europe, and up to 70% of
cases in Australia, lack detectable tumour-associated MCPyV DNA or
oncoproteins. Strikingly, the mutational burden of virus-negative MCC
is even higher than that of melanoma, and has a signature suggestive of
UV-induced mutations. It is likely that these genetic changes lead to gen-
eration and expression of novel epitopes and subsequently, neoantigen-
directed immune responses. Thus, these observations readily explain the
important role of cellular immune responses in the natural history of
both MCPy V- and UV-associated MCC.

Since the discovery of the prognostic impact of CD8* tumour infiltrating
lymphocytes (TILs), our understanding of the host—virus immune inter-
actions in MCC pathogenesis has increased rapidly with new insights
into both humoural and cellular immunity in MCC patients. In patients
with MCPy V-positive (MCPyV*) tumours, there is now ample evidence
for ongoing expression of viral proteins in tumour cells and their recog-
nition by the adaptive (humoural as well as cellular) arm of the immune
system. Levels of MCPyV T antigen-specific antibodies correlate with
tumour burden in MCC patients, and this observation has led to the
development of a clinically validated assay (AMERK) for surveillance
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of high-risk patients with MCPyV* MCC tumours. MCPyV-specific
T cells have been isolated from the peripheral blood or tumours of
affected patients and are even being investigated for therapy after ex vivo
expansion and adoptive transfer.

Despite this persistent expression of immunogenic proteins, MCCs that
become clinically evident are able to evade host immune responses. Our
understanding of the immune evasion mechanisms employed by MCC
tumours continues to evolve rapidly. The progression from the immune
equilibrium phase to the immune escape phase may occur due to changes
in tumour cell population that may acquire new immune-evasive char-
acteristics, or due to changes in the host immune system that may get
suppressed either generally or more selectively toward the tumour cells.
Both of these broad mechanistic categories appear relevant to MCC. The
tumour cell characteristics include mechanisms such as down-regulation
of antigen presentation, resulting in major histocompatibility complex
(MHC)-I loss to become ‘less visible’ to the adaptive immune system,
or decreased susceptibility to immune control mechanisms to become
‘more resistant’ to the effects of the cytotoxic immune cells. The host
immune features include systemic immune suppression, either therapeu-
tically or due to co-morbid immune suppressive diseases, or more com-
monly due to immune senescence, an erosion of the immune response
with ageing. MCC tumour cells also establish a local immune suppres-
sive tumour microenvironment (TME) via production of immunosup-
pressive cytokines, or via recruitment of immunosuppressive cells, such
as CD4*CD25* regulatory T cells (T,,,) or myeloid-derived suppressor
cells. In response to chronic antigen exposure, antigen-specific CD8* T
cells in the MCC TME often develop an exhausted phenotype with poor
effector function, sustained expression of inhibitory receptors (such as
programmed cell death protein 1 [PD-1], T cell immunoglobulin and
mucin domain 3 [TIM-3]), and a transcriptional state distinct from that
of functional effector or memory T cells.

Immunotherapy of MCC

The above-mentioned data have provided the rationale for immunomod-
ulation to treat MCC. These immunotherapy efforts have focused on a
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multitude of approaches aiming to render cancer cells more visible to
the immune cells, reinvigorate existing immune responses, generate new
ones or simply use the viral targets for selective delivery of cancer thera-
peutics to tumours. Several early phase immunotherapy trials, including
intra-tumoural interleukin-12 (IL-12) injection, intra-tumoural injec-
tion of the toll-like receptor 4 (TLR4) agonist G100 and adoptive T cell
therapy, have all provided preliminary evidence of the potential efficacy
of a variety of immune-based approaches in MCC. However, the most
remarkable successes have occurred with the ICIs, which are discussed
in detail below.

ICls

The discovery of programmed death-ligand 1 (PD-L1) expression
on tumour and immune cells in both MCPyV* and MCPyV-negative
(MCPyV") MCC tumours provided a rationale for investigating check-
point inhibitors targeting PD-1 or PD-L1 in MCC. The presence of PD-1
and PD-L1 in the MCC TME reflects the result of chronic antigen pres-
entation of processed viral proteins and UV-induced neoantigens. Con-
sequently, anti-PD-1 and anti-PD-L1 antibodies have been investigated
as first-line and as second-line or later therapy in patients with advanced-
stage MCC.

Pembrolizumab is a humanised immunoglobulin (Ig)G4 anti-PD-1 mono-
clonal antibody (mAb) and is being investigated for first-line systemic
treatment of immunocompetent patients with advanced MCC in a phase
II clinical trial (NCT02267603). The first report of this trial included 26
patients with unresectable stage IIIB or stage IV MCC, of whom 16%
had a complete response (CR) and 40% a partial response (PR), result-
ing in an ORR of 56% (Response Evaluation Criteria In Solid Tumours
[RECIST] v1.1). While the ORR is not strikingly different from what
would have been expected from front-line ChT, the responses and PFS
are remarkably more durable than those expected from ChT (Figure 1).
Twelve of the 14 confirmed responses (86%) were ongoing at last fol-
low-up, with the median follow-up being close to 8 months. Response to
pembrolizumab did not correlate significantly with PD-L1 expression, a
biomarker that has been evaluated extensively in several trials of PD-1
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pathway blockers. Importantly, responses were seen in both MCPyV*
and MCPyV" tumours, consistent with immunogenicity of both subtypes.
Twenty-six patients were included in the safety analysis and treatment
was generally well tolerated, with 77% of patients reporting an adverse
event (AE) of any grade, of which 15% were grade 3 or 4. AEs were
consistent with prior reports in other cancer types and were managed
well through the discontinuation of pembrolizumab and, if necessary,
glucocorticoid treatment. The results also led to the listing of pembroli-
zumab as a therapeutic option in the 2017 National Cancer Center Net-
work (NCCN) guidelines.

Concurrently with the above-mentioned study, another phase II study
(NCTO02155647) was investigating avelumab in immunocompetent
patients with metastatic MCC who had previously received one or more
lines of cytotoxic ChT. Avelumab is a human IgGl anti-PD-L1 mAb
with a wild-type IgG1 fragment crystallisable (Fc) region that may, in
addition to blocking PD-1/PD-L1 interactions, activate natural killer
(NK) antibody-dependent cellular cytotoxicity (ADCC). In this much
larger pivotal phase II trial, 88 patients with ChT-refractory distant meta-
static (stage V) disease were treated, of whom 9% had a CR and 23% a
PR, resulting in an ORR of 32%. Responses were impressively durable,
with the proportion of responses of 26 months being 92%. Similar to the
pembrolizumab study, responses to avelumab occurred quickly (gener-
ally at the time of the first scan at 6 weeks) and occurred irrespective of
PD-L1 expression or MCPyV status of the MCC tumours. Avelumab
was well tolerated, with 70% of patients reporting an AE, but only 5% of
grade 3 and no grade 4 events. Only fatigue (24%) and infusion-related
reaction (17%) occurred in more than 10% of patients. Based on the
impressive results from this phase II study, avelumab received approval
by the United States Food and Drug Administration (FDA), SwissMedic
and the European Medicines Agency (EMA) in 2017 for the treatment
of metastatic MCC, regardless of prior ChT administration. This trial
was expanded to include MCC patients who are treatment-naive to sys-
temic therapy in the metastatic setting. Preliminary results of the first 39
patients enrolled in part B were presented at the 2017 European Society
for Medical Oncology (ESMO) congress. At the time of the data cut-off,
the ORR with first-line avelumab was 62%, with 14% of patients experi-
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Figure | Comparison of PFS and other outcomes in patients with advanced MCC treated
with pembrolizumab (panel A) in the first-line setting in a clinical trial (Nghiem et al, 2016)
with patients treated with first-line cytotoxic chemotherapy (panel B) in a retrospective single-
institution cohort study (lyer et al, 2016).

Note: These data do not come from a randomised controlled trial, but are derived from two separate studies and,
hence, are fraught with limitations of comparing across studies.

Panel A from Nghiem PT, Bhatia S, Lipson EJ, et al. PD-1 blockade with pembrolizumab in advanced Merkel-cell

carcinoma. N Engl | Med 2016; 374:2542—2552. Reprinted with permission of Massachusetts Medical Society.
Copyright ©2016. Panel B from lyer JG, Blom A, Doumnani R, et al. Response rates and durability of chemotherapy
among 62 patients with metastatic Merkel cell carcinoma. Cancer Med 201 6; 5:2294-2301.
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PFS, progression-free survival; RECIST, Response Evaluation Criteria In Solid Tumours.

encing a CR and 48% of patients experiencing a PR. Sixty-seven per cent
of patients had a PFS rate of 3 months.

Yet another ongoing study (NCT02488759) is investigating nivolumab,
an anti-PD-1 antibody, in patients with virus-associated cancers includ-
ing MCC. Patients with metastatic MCC are enrolled regardless of
MCPyV status or prior ChT. Preliminary results were presented at the
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2017 American Association of Cancer Research (AACR) congress.
ORR in 22 patients was an impressive 64%. The majority (75%) of the
responses occurred by ~Week 8. Responses were durable, with 75% of
the responses ongoing at a median follow-up time of ~12 months. As in
the studies mentioned above, responses were noted regardless of PD-L1
expression or MCPyV status. The trial is ongoing and has added another
cohort investigating the combination of nivolumab plus low-dose ipili-
mumab (1 mg/kg) in metastatic MCC patients. This trial is also inves-
tigating the neo-adjuvant use of nivolumab (two doses total) in loco-
regional MCC prior to surgery (+ RT).

The impressive and concordant results from the above-mentioned trials
using three different drugs blocking the PD-1/PD-L1 interaction have
offered powerful new options to clinicians for managing advanced MCC.
All of these ICIs have been remarkably well tolerated with low rates of
>grade 3 treatment-related AEs and no treatment-related deaths. The
response rates appear to be higher in treatment-naive patients and lower
in patients with prior ChT exposure. The responses occur quickly and at a
frequency similar to that expected with front-line ChT, but are much more
durable and will likely lead to a meaningful improvement in overall sur-
vival, with reasonably good quality of life (QoL). Additionally, these stud-
ies suggest that in both MCPyV* and MCPyV" tumours, a large proportion
of patients have MCC-specific T cells that can be reactivated to provide
clinically beneficial anti-tumour activity. Taken together, these data sug-
gest that PD-1/PD-L1-based immunotherapy should be considered as
the new standard-of-care for treatment of patients with metastatic MCC,
regardless of MCPyV status. This is reflected in the recent listing of ave-
lumab, pembrolizumab and nivolumab as the preferred treatment options
for metastatic MCC in the 2018 NCCN guidelines, although avelumab is
currently the only FDA- and EMA-approved therapy for metastatic MCC.

Unmet Needs and Future Directions

The durable responses to PD-1/PD-L1-blocking antibodies confirm the
importance of immune mechanisms in MCC pathogenesis. However,
not all patients respond to immunotherapy and some develop secondary
resistance. Thus, a key question remains as to what tumour or host char-
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acteristics might be used to predict response and/or resistance. In addition
to finding predictive biomarkers, there is a direct unmet need for finding
effective therapies in ~50% of immunocompetent patients who do not
respond to PD-1/PD-L1 blockade. Mechanistic studies to understand both
intrinsic and acquired mechanisms of resistance are critical to uncovering
new rational therapies to overcome these. Given the heterogeneity of MCC
tumours and individual variations in host immune systems, it is unlikely
that one single approach will be effective in all patients. Rather, a combi-
nation of various strategies and personalisation to the unique biological
characteristics of MCC tumours in individual patients will be required.

Facilitated by the ongoing excitement surrounding cancer immunotherapy,
several trials of novel immunotherapeutic approaches (both innate and
adaptive) are already ongoing in patients with advanced MCC. One innate
immunotherapy approach is using allogeneic irradiated activated natural
killer (NK)-92 cells (a NK cell line derived from a patient with large granulo-
cytic leukaemia) in combination with an IL-15 agonist in MCC patients who
may have received prior PD-1/PD-L1 blockade (NCT02465957). Another
innate immunotherapy approach is studying intra-tumoural administration
of TTI-621, a recombinant fusion protein targeting CD47, that regulates
phagocytosis in patients with injectable MCC lesions (NCT02890368).
Trials are underway to evaluate the oncolytic virus talimogene laher-
parepvec (T-VEC) administered intra-tumourally, both as a mono-
therapy or in combination with RT (NCT02819843), or with anti-PD-1
(nivolumab) treatment in patients with advanced MCC (NCT02978625).
The profound success with checkpoint inhibitors has also raised interest
in clinical studies using combinations of other therapies with ICIs. A tri-
ple-combination study of tremelimumab (an anti-cytotoxic T-lymphocyte
antigen 4 [CTLA-4] antibody), durvalumab (an anti-PD-L1 antibody), and
TLR3 agonist poly-ICLC in advanced MCC (NCT02643303) is testing the
hypothesis that the TLR3 agonist will influence the TME and potentiate
the activity of the ICIs. A study to investigate localised upregulation of
antigen expression (using RT or interferon) plus adoptive immunother-
apy (MCPyV T antigen-specific T cells) with avelumab is also ongoing
(NCT02584829). Efforts are also underway to test the safety and efficacy
of several ICIs (ipilimumab, nivolumab and avelumab) in the adjuvant set-
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ting in patients with loco-regional MCC amenable to definitive therapy
with surgery + RT (NCT02196961 and NCT03271372). It is indeed an
exciting time for investigation of novel targeted and/or immune therapies
in this fascinating malignancy.

Conclusion

An improved understanding of the biology and immunology of MCC
has revolutionised the therapeutic possibilities in advanced MCC. The
immune system appears to be playing a major role in MCC biology,
irrespective of their virus- or UV-associated carcinogenesis. A new era
in the systemic therapy of metastatic MCC has begun with the recent
successes of immune checkpoint blockade. Promising new immunother-
apy- and molecularly-targeted therapy approaches are in development.
An improved understanding of tumour immunology and immune escape
mechanisms operative in MCC will facilitate the rational development of
new treatment strategies to overcome primary and secondary resistance
of MCC to immune-modulating therapies.
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2.3 Thoracic Malignancies

2.3.1 Non-small Cell Lung Cancer
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Current Scope of Immunotherapy of NSCLC

Lung cancer, of which non-small cell lung cancer (NSCLC) represents
85%, accounts for 13% of all cancer diagnoses worldwide, and remains
the leading cause of cancer deaths worldwide. Mortality rates in Europe
and North America are now declining in men, and in some countries
in women, reflecting the evolution of the tobacco epidemic. The aetio-
logical association with exposure to tobacco carcinogens is of particu-
lar relevance for cancer immunotherapy, as current approaches target-
ing immune checkpoints exhibit increased responses in tumours with a
high number of somatic mutations, such as smoking-induced NSCLC.
Conversely, immune checkpoint blockade (ICB) has been significantly
less successful in never-smokers, including a majority of anaplastic lym-
phoma kinase (ALK)-rearranged or epidermal growth factor receptor
(EGFR)-mutated NSCLC. Overall, an estimated 25% of NSCLCs are
not directly attributable to smoking, representing 15% in men and 53%
in women, globally.

Blockade of the programmed cell death protein 1 (PD-1)—programmed
death-ligand 1 (PD-L1) receptor-ligand pair, a dominant mediator of
immune resistance in the tumour microenvironment (TME), represents
the mainstay of current immunotherapy of NSCLC. Anti-PD-1 mono-
clonal antibodies (mAbs) nivolumab and pembrolizumab, and anti-PD-
L1 mAb atezolizumab have all demonstrated an improvement in overall
survival (OS) compared with chemotherapy (ChT) in the second line and
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later lines of therapy of advanced NSCLC. Pembrolizumab has dem-
onstrated an OS benefit over cisplatin-based doublet ChT in NSCLC
patients with high PD-L1 expression (250% on tumour cells [TCs])
in the front-line setting. Furthermore, consolidation 