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Abstract

Background

Metastatic melanoma (MM) has a dismal prognosis, as a consequence of its intrinsic
aggressiveness and the lack of effective treatment options: in fact, until recently, systemic
therapies were numbered. Ipilimumab is a fully humanized monoclonal anti-Cytotoxic T-
Lymphocyte Antigen 4 antibody that demonstrated a significant improvement of metastatic
melanoma patient survival, however toxicity may be severe and life threatening. Clinicians

lack reliable prognostic factors for prognosis and toxicity and this makes treatment decisions
difficult.

Methods

An observational prospective study was performed at the Veneto Institute of Oncology (IOV),
the main inclusion criteria being the administration of ipilimumab 3mg/kg every 3 weeks for
metastatic melanoma. A total of 140 patients were included, clinical features and circulating
biomarkers were evaluated for an association with prognosis or adverse events. Out of 140
patients, 113 were evaluable for prognostic factors, and the full cohort was included in a
toxicity study. A prognostic model was derived and data from 97 patients from two other
Italian Institutes were used to validate this prognostic model.

Results

Baseline serum lactic dehydrogenase (LDH) concentration and neutrophil count were
significantly associated with prognosis. In particular, patients with higher circulating levels of
LDH and higher neutrophils before treatment had a shorter survival and increased HR of
death (HR=1.36, 95% CI 1.16-1.58, P<.001 and HR=1.76, 95% CI 1.41-2.10, P<.001,
respectively). Data were validated on the external cohort and the prognostic model was
confirmed.

Female patients and patients with lower baseline serum levels of interleukin-6 had a higher
risk of developing severe toxicity (OR=1.5, 95% CI 1.06-2.16 and OR=2.84 for Ing/L
variation, 95% CI 1.34-6.03, respectively).

Conclusions

We demonstrated that baseline levels of neutrophils and serum LDH could help clinicians
to predict the outcome of melanoma patients treated with ipilimumab and that ipilimumab
may not be the best treatment in patients with higher neutrophil count and LDH. Only
comparative and translational studies could define if patients with high LDH and neutrophil
are refractory to immunotherapy or have a more aggressive variant of melanoma
independent from the treatment. Serum baseline IL6 could help in identifying patients with a
greater risk of toxicity from ipilimumab and in planning a more specific monitoring during
and after the treatment, with the purpose of increasing its safety. In particular, females with
low IL6 serum levels should be carefully monitored for AEs.



1 Introduction

1.1 Aim of the project

The purpose of the present study was the identification of easily accessible independent
prognostic factors for survival and toxicity for metastatic melanoma patients treated with
ipilimumab, to provide a reliable tool for patient stratification and clinical decisions. In
addition, the identification of patients who have a higher likelihood to develop severe adverse
events could help personalize the safety survey, for example by means of telephonic
interviews between visits or biochemical monitoring (e.g., thyroid or hypophysis hormone

levels) also after treatment conclusion.

1.2 Brief introduction to melanoma

Malignant melanoma is a dismal cancer arising from skin, mucosal, meningeal or uveal
melanocytes. It has been associated with a dismal prognosis, as a consequence of its intrinsic
aggressiveness and the lack of effective treatment options. Until recently, the effect of
systemic treatment was really disappointing, with poor response rates and virtually no
survival benefit, as underscored by the meta-analysis of Korn et al. that indicated a median
survival of 6.2 months for patients with metastatic disease and a 1-year life expectancy of

25.5%[1].

Melanoma is an immunogenic tumor, its immunogenicity being possibly a consequence of the
high rate of somatic mutations and expression of neoantigens[2, 3]. Elucidation of the cellular
and molecular mechanisms underlying the activating and suppressive immunological

checkpoints has led to paradigm-changing results[4, 5].



1.3 History of immunotherapy

The first connection between cancer and immune system dates back in the nineteenth century,
when Rudolf Virchow observed the white blood cell infiltrate in his cancer histological
samples. No more than sixty years later, a New York surgeon, dr. Coley, observed tumor
regression following bacterial infections, and tried the first immunotherapeutic approach, by
administering, intra-tumourally, a mixture of denatured S. pyogenes and S. marcescens to
advanced cancer patients who were ineligible for surgery[6]. Thomas and Burnet proposed
the first formal elaboration of the immunosurveillance paradigm during the second half of the
twentieth century [7, 8]. Immunosurveillance was described as the processes, conjugate of the
defence system against external pathogens like bacteria or viruses, by which cells of the
immune system looked for and recognized pre-cancerous or neoplastic cells in the body. This
concept received several criticisms and revisions during the following decades, up to the

modern concept of immunoediting.

Immunoediting defines the relationship between cancer cells and immune system as complex
interactions in which the immune system operates to eliminate the tumour, but at the same
time exerts a selective pressure possibly leading to selection of more aggressive neoplastic
clones [9, 10]. In fact, clinical and pathological observations have enriched the complexity of
the picture, leading to the discovery that the patient immune cells in the tumor stroma, and
tumor stroma itself, are crucial determinants of cancer biology and key factors for the success
or failure of cancer therapy[11]. Nowadays, the capability to escape from immune destruction

1s recognized as one of the hallmarks of cancer[12] .

1.4 Immunological synapsis and immunotherapy

The recognition of cancer cells by the immune system takes place in the so called

immunological synapsis, where the interaction with innate (natural killer cells, macrophages,
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and dendritic cells) and adaptive (T lymphocytes) immunity cells occurs and an antigen
presenting cell belonging to the innate compartment (macrophages, and dendritic cells)
processes and presents, after phagocytosis, tumour antigens to a competent T lymphocyte.
Any impairment in antigen expression or presentation by the malignant cells may render
immune recognition and consequent lysis improbable. Moreover, a series of factors linked to
the cell death process concur to influence the immunogenicity of a cancer cell; in fact, recent
works highlight how the same antigen and histocompatibility repertoire leads to immune
stimulation or not accordingly to different cancer cell death patterns: this is the concept of
immunogenic cell death [13-16]. In addition, tumor cells may exert active
immunosuppression, either by means of soluble factors, which may act directly or throughout
immunosuppressive leucocyte populations (i.e. Treg cells, myeloid derived suppressor cells,

immature dendritic cells), or by expression of negative immune checkpoint molecules [17].

The immunogenicity of melanoma has been known for long time [18], with MELAN-A and
MART-1 among the first investigated tumor antigens [19-22]. Moreover, melanoma was
recently classified as the top neoantigen expressing cancer, as a consequence of the high rate
of somatic mutations, likely consequent to UV exposure adducts [2, 3]. This should grant, at
least hypothetically, the antigens for the immunological synapsis. However, antigen

presentation constitutes only the first step towards immune response against tumours.

Immunohistochemical (IHC) studies aimed to analyze tumor-infiltrating T lymphocyte cell
(TIL) in melanoma and other cancers have shown a positive prognostic association between
high density of effector cells (CDS8 positive T lymphocytes) and patient overall survival [23].
Moreover, the importance of TIL activation against cancer cells is confirmed by gene
expression analysis of tumour biopsies, revealing that activation of interferon (IFN) signal
transduction pathway (i.e. IFNy, phosphorylated STATI1, CCR5 and CXCR3) positively

correlated with better response to treatment. In addition, studies performed on melanoma and
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other cancers (among which colon, ovary and breast carcinomas) have shown a positive
correlation between up regulation of genes involved in the CD4 positive lymphocytes, Thl
adaptive immune response and a more favorable prognosis [24-26]. As a conclusion, both
adaptive immunity arms (CD8 positive driven, Th2, and CD4 positive driven, Th1) appear to
be mandatory for an efficient antitumour response. A further confirmation of the importance
of immune infiltrate in melanoma microenvironment comes from a recent large cooperative
melanoma clinic-pathological and multi-dimensional genomic and proteomic analysis study,
that found that there was no significant outcome correlation with genomic classification
(BRAF mutated, RAS mutated, NF1 mutated or triple wild type), nevertheless, samples that
were assigned an enriched for immune gene expression transcriptomic subclass, related to
lymphocyte infiltrate on pathology review and high LCK protein expression (a T lymphocyte
marker), were associated with better patient survival [27]. Nowadays, the complexity of the
interactions between tumour, microenvironment and immune response are beginning to be
unraveled, also thanks to the considerable technical improvements of the tools available for
scientists. An attempt to update Schreiber immunoediting model was recently proposed as a
network of interactions and balances called the Immunogram, which summarizes with seven
parameters (general immune status, neo-antigen load, immune cell infiltration, absence of
checkpoints, absence of soluble inhibitors, absence of inhibitory tumour metabolism, tumour
sensitivity to immune effectors) cancer and immune system determinants that concur to

influence the outcome of anti-tumour immunity [28].

The capability of T cells to selectively recognize and destroy tumour antigen expressing
cells[19], intrigued the researchers since the first onco-immunology advances, and suggested
that T cells were one of the most important immune effectors against tumor cells. Of
consequence, notwithstanding studies aimed to investigate the antigen specificity, functional
characteristics and to confirm the impact on prognosis[29] of spontaneous TILs are still

ongoing, the focus of active immunotherapy has predominantly been set on T lymphocyte,
11



both Thl and Th2 driven, response enhancement. Unfortunately, the first attempts of active
specific immunization (i.e., vaccines [30, 31]) did not appear to considerably improve patients
survival and immunostimulating cytokines (e.g., interferon alpha and interleukin-2) had a
very limited effect [32, 33] in the metastatic setting and as consequence up to the first decade
of XXI century immunology of tumours suffered from the skepticism derived by the lack of

clinical proof of concept.

1.4.1 Cellular therapy

With the advances in cellular engineering, several cellular therapy approaches are under
preclinical and early phase clinical study to elicit immune response against tumours using
artificially powered T cells. For example, T lymphocytes may be stimulated in vitro, or
genetically manipulated to express modified antigen receptors, to increase immune response

against melanoma antigens [34].

Using the former method, lymphocytes with high affinity for tumour antigens could be
isolated from the patient, stimulated and expanded by means of cytokine exposure, and,
usually after systemic lymphodepleting therapy (there are evidences that low dose regimens
may also be effective[35]), finally infused back into the patient. However, lymphocyte ex vivo
isolation may present some difficulties due to the low number of circulating high affinity T

cells.

Another source of tumor-reactive T cells is represented by TILs or by isolation from draining
nodes[36]. Three early phase clinical trials studied the cellular therapy in stage IV melanoma
patients using autologous TILs, boosted by administration of IL-2 after lymphodepleting
therapy (chemotherapy alone or with 2 or 12 Gy total body irradiation) and observed
objective-response rates of 49, 52, and 72%, respectively [37]. Most of patients who had a

complete tumor regression (22%) had a disease-free survival longer than 8 years[38].
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Significant overall response rate (40% out of 57 patients) were also shown in another phase 11
study by treating metastatic melanoma patients with unsorted TILs and high-dose IL-2 after
lymphodepletion [39]. However, the difficulties in isolating high affinity T cells remain a

major obstacle to effective large-scale exploitation of this adaptive cellular therapy.

With the advent of new generation of cell sorting and genetic engineering techniques, the
latter approach to adaptive cellular therapy become available [40, 41]. High affinity human T-
cell receptors (TCR) are obtained either from in vitro co-cultures of naive human T
lymphocytes and allogeneic tumour peptide-pulsed antigen-presenting cells [42], or from
mice, transgenic for both human leukocyte antigen (HLA) alleles and human TCR, after
tumour vaccination [43]. With these methods, TCRs with strongest avidity are identified and
a lentiviral vector is then used to carry the genetic clone that will transduce autologous T

lymphocytes from patients with matching HLA[44].

A further implementation, aimed to overtake the HLA allele restriction of antigen recognition,
comes by the use of chimerical antigen receptors (CARs), in which an artificial single-chain
antibody specific for the antigen is coupled to both the transmembrane and cytoplasmic
signaling domains of the TCR complex and co-stimulatory molecules (CD137 or CD28), thus
providing the necessary activation upon antigen encounter independently from the HLA
match and co-stimulatory complex provided by the antigen presenting cells [45-47]. First

CAR based therapeutic regimen is expected to be approved in 2017.

An additional improvement in T cell engineering is represented by hybrid CARs, with
potentially no limit to the choice of dual target, co-stimuli or inducible activation systems that
can be added to the molecule [48-51]. Moreover, cellular therapies may be combined with
immunostimulating or anti-negative checkpoint molecules, because unfortunately also
potentiated T cells may be hampered by immunosuppressive microenvironment[52, 53], but

only preliminary data are available on safety and activity of this approach [54, 55].
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NK cells may also be suitable effectors of immune response against melanoma, even if the
lack of antigen specificity have been considered an obstacle in the past. However, NK cells
may be more easily available than high affinity T cells, more cheap than engineered
lymphocytes and a single donor may be used for many patients, with or without donor
selection according to HLA or CD16 genotypes[56-58]. In fact, cytokine-induced killer cells
(CIK) can be derived from NKs isolated in peripheral blood mononuclear cell fraction and
easily expanded by means of cytokine-enriched in vitro culture. Moreover, the absence of
genetic manipulation could be advantageous, given the stringent regulatory requirements for

TCRs and CARs

(http://www.fda.gov/biologicsbloodvaccines/cellulargenetherapyproducts/default.htm).

However, despite the encouraging results of T adoptive therapy with TILs, CIKs, transduced
TCRs or CARs, a clinical response is still not guaranteed for all patients. Moreover, several
possible issue related to this therapies may rise, for example the toxicity profile (e.g., severe
toxicities such as autoimmunity syndromes or cytokine storm [59-61]. In addition, the limited
availability of authorized Centers for cellular therapy as well as the high costs of the

procedures will possibly limit the availability of that approach..

1.4.2 Anti-inhibitory checkpoint monoclonal antibodies

1.4.2.1 Ipilimumab

The pivotal innovation in immunotherapy of melanoma, and cancer immunotherapy as well,
came with the synthesis of monoclonal antibodies against the inhibitory checkpoints in the

immune response cascade[4, 5].
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The new era of immunotherapy of melanoma, and, maybe of immunotherapy for cancer,
started with the fully humanized monoclonal anti-Cytotoxic T-Lymphocyte Antigen 4
(CTLA-4, a competitor of the TCR early co-stimulus molecule family B7) antibody
ipilimumab. Ipilimumab, inhibiting the binding between the TCR and CTLA4 that leads to a
down modulation of T cell activation after antigen recognition by TCR, produced significant
sustained durable responses and, and this translated in an improvement of metastatic
melanoma patient survival [62]. A high mutational load had a good prognostic impact in
patients with metastatic melanoma treated with ipilimumab, thus confirming the hypothesis of
better immune response in presence of abundant neoantigens. Furthermore, very interestingly
a set of neoepitopes expressed by melanoma cells could also predict response in the same case
series [63]; however, the lack of wvalidation makes this topic controversial and the
identification of a predictive epitope fingerprint has yet to be confirmed and is currently
object of study and discussion [64]. In addition to the inhibition of CTLA4 constrain signaling
on effector T cells, another effect of ipilimumab is supposed to be the depletion of regulatory
T cells (Tregs), via a mechanism of action that is yet not fully understood but seems to

involve non classical macrophage antibody mediated cytotoxicity clearance of Tregs [65, 66].

In phase II clinical trials, treatment with ipilimumab (3mg/kg q3w) was associated with 5-
year survival rates up to 16.5% and 17.0% in pre-treated and treatment-naive patients, who
received ipilimumab 3mg/kg q3w in phase II clinical trials, respectively[67, 68]. Food and
Drug Administration and European Medicines Agency authorized Ipilimumab for metastatic
melanoma in 2011 after its efficacy in prolonging overall survival in metastatic melanoma

patients was proven in a phase III study[62].

However, treatment with ipilimumab may be associated with severe immunological toxicity,
usually according to a time pattern that presents consistent risk of delayed adverse events

(AEs) [69] [69]. The current toxicity scoring system is derived from the National Cancer
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Institute’s Common Terminology Criteria for Adverse Events (CTCAE). In clinical trials,
patients treated with ipilimumab at the registered dose of 3mg/kg q21 days for 4 cycles
experienced grade (G) 3 (not life-threatening) or G4 (life-threatening) immune related adverse
events (irAEs) in up to 19.1% and 3.8% of patients, respectively, due to the development of
autoimmunity effects. Of note, the reports from "real life" settings (i.e., outside clinical trials)
describe even higher toxicity rates, G3-4 AEs being observed in up to up to 30% of
patients[70]. The risk of ipilimumab toxicity is not limited to the treatment course but subsists
after therapy completion (late or delayed AE). Apparently, the occurrence of a severe AE
does not compromise the activity and efficacy of ipilimumab treatment, but can potentially be
fatal and prolong exposure to immunosuppressant therapies (mainly corticosteroids) used to
counterbalance the excessive immune upregulation by negative checkpoint inhibitors [71].
Up to date, no predictive factors for toxicity have been found. Given the possibility of durable
responses, of late responses even after an initial progression and risk of immunological
toxicity, several research groups are active in analyzing potential biomarkers able to identify
patients who are likely to benefit from treatment with ipilimumab, thus sparing toxicity and
resources. A number of potential biomarkers have been investigated so far, including serum
lactic dehydrogenase (LDH) [72], the absolute number of lymphocytes and C-reactive protein
(CRP), circulating tumour DNA (ctDNA) [73]. On the other hand, other biomarkers have not
yet been extensively studied, for instance the count of other blood cell components,
melanoma markers, circulating extracellular vesicles (for example exosomes, microvesicles)

and serum inflammatory cytokines.

1.4.2.2 Second-generation anti-checkpoint antibodies

After ipilimumab, a new generation of anti-inhibitory checkpoint monoclonal antibodies has

been proposed. One of the key processes of effector lymphocyte anergization used by tumour
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cells to escape from immune destruction takes place through the Programmed Death-1 (PD1)
and PD1-ligand 1 (PD-L1) and 2 (PD-L2) interaction, an inflammatory negative switch that
prevents damages from sustained excessive inflammation under physiological or pathological
conditions (for example, after infections)[74]. In addition, recent reports revealed that the
PD1-PDIL axis inhibition in hosts without active immune system led to a suppression of
tumour growth, without interactions with immunity, thus, the PD1-PD1L pathway might play
a direct role in tumor genesis, too[75]. Several monoclonal antibodies against PD1 have been
synthesized; two of them, nivolumab and pembrolizumab (formerly known as MK3475 or
lambrolizumab), have been successfully tested in clinical trials for melanoma. They both are
G4 immunoglobulins directed against the surface PD1 and prevent the interaction between
lymphocytic PD1 and its ligands that would impair the T cell function. In particular, a phase
III randomized study (CheckMate-066) that compared dacarbazine and nivolumab as first-line
treatment for BRAF wild type metastatic melanoma patients (N=418), showed an objective
response rate favoring nivolumab (40% vs. 14%), with 1-year overall survival (OS) rate 73%
vs. 42% for dacarbazine. Median OS was not reached for nivolumab and was 10.8 months for
dacarbazine, but median progression-free survival (PFS) was 5.1 months for nivolumab and
2.2 months for dacarbazine, with a hazard ratio (HR) of 0.42 in favor of nivolumab[76]. A
phase III study (CheckMate-037, N=631) showed that nivolumab was advantageous
compared with dacarbazine or carboplatin plus taxol in patients with metastatic melanoma
progressed after anti-CTLA4 therapy (or after anti-CTLA4 therapy and anti-BRAF therapy if

BRAF mutated melanoma) [77].

Pembrolizumab, administered in two arms with different drug dosage (2 and 3mg/kg, q3w),
was investigated in a randomized pivotal phase Il study and showed improved 6 month PFS
rate compared with investigator’s choice chemotherapy (34-38% vs. 16%) in pretreated and

heavily pretreated patients with metastatic melanoma progressed after anti-CTLA4 therapy
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(KEYNOTE-002, N=540), with HR for progression of 0.5-0.57 in favor of

pembrolizumab|78].

Moreover, a phase III study (KEYNOTE-006, N=834) for metastatic melanoma patients who
had received no more than one previous systemic therapy for advanced disease, irrespective
of BRAF mutational status, compared two schedules (10mg/kg q2w and q3w) of
pemblolizumab vs. ipilimumab and showed a HR for progression of 0.58 in favor of the two
pembrolizumab arms, with improved response rates (approximately 33% for both
pembrolizumab arms vs. 11.9% for ipilimumab) and 1 year OS (68-74 vs. 58%), with
prolonged PFS (4.1-5.5 vs. 2.8 months) and better toxicity profile[79]. For those reasons, both
nivolumab and pembrolizumab were granted a fast track to registration in metastatic

melanoma.

1.4.2.3 New molecules

Following the wave of new immunotherapeutical approaches, other anti-inhibitory checkpoint
molecules have been investigated; intuitively, the ligands of PD1 (PD-L1 and PD-L2) were
among the first candidate targets and clinical studies are actually ongoing (NCTO01772004,
NCT01846416, NCT00658892, NCT01455103, NCT01656642, NCT01375842) or will start
in the near future. Other possible candidate targets for immunotherapy in melanoma could be
other members of the important regulatory family B7 (NCT02475213[80]), indoleamine 2,3-
dioxigenase (NCT02327078) or the Lymphocyte Activation Gene 3 (LAG3) that, interacting
with  HLA  molecules, stimulates Treg cells (NCT02061761, NCT01968109,
NCT02460224[81]), and other immunological checkpoints like anti-OX40[82], anti-
CD137[83-85], anti-CD27 (NCT02335918, NCT02413827 [86-88] and anti-glucocorticoid-
induced TNFR family related gene [89]. Table 1 resumes a list of possible candidates for

immunotherapy of melanoma (and, more in general, of tumours).
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Tab. 1 Potential targets for future immunotherapy of tumors

Potential target Expressing cells Function Reference
CD40 Antigen presenting cells activation [90]
TL1A Antigen presenting cells activation [91]
GITR ligand Antigen presenting cells activation [92]
4-1BB ligand Antigen presenting cells activation [93]
0X40 ligand Antigen presenting cells activation [94]
CD70 Antigen presenting cells activation [95]
HHLA2 Antigen presenting cells inhibition [96]
ICOS ligand Antigen presenting cells and tumour cells activation [97]
CD80 Antigen presenting cells, tumour cells and T cells Activating or inhibi'.cing agcording to [98]
expression intensity
PDL1 Antigen presenting cells and tumour cells inhibition [99]
PDL2 Antigen presenting cells and tumour cells inhibition [100]
BTNL2 Antigen presenting cells inhibition [101]
B7-H3 Antigen presenting cells and tumour cells inhibition [102]
B7-H4 Antigen presenting cells and tumour cells inhibition [103]
BTNL1 Antigen presenting cells inhibition [104]
CD48 Antigen presenting cells inhibition [105]
HVEM Tumour cells Inhibition [106]
Siglec family Antigen presenting cells activation [107]
CD40L T cells activation [108]
TNFRSF25 T cells activation [109]
GITR T cells activation [110]
4-1BB T cells activation [111]
0X40 T cells activation [112]
CD27 T cells activation [112,113]
TMIGD2 T cells activation [114]
ICOS T cells activation [115]
CD28 T cells activation [116]
LIGHT T cells activation [117]
LAG3 T cells inhibition [118] [81]
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CD244 NK cells inhibition [119]

TIM3 T cells inhibition [120]
BTLA T cells inhibition [121]
CD160 T cells inhibition [122]
Butyrophilin family Tumour cells inhibition [123]
CD155 Tumour cells inhibition [124]
VISTA Myeloid cells inhibition [125]

1.4.2.4 Combination treatments

Combinations between new generation immunotherapeutic drugs are already under study. For
example, the CheckMate-067 and 069 trials compared a “combo” arm with ipilimumab and
nivolumab vs. ipilimumab or nivolumab: the response rate and progression-free survival
resulted better with the combination of anti-PD-1 and anti-CTLA4 blockade; however, overall
survival data are not available yet and the combination treatment increases grade 3 and 4
irAEs to more than 50%. As consequence, at the moment it is clear that anti PD-1 are better
than ipilimumb in terms of ORR, TTR, MS and OS, but it is not possible to draw conclusions

about the superiority of double checkpoint blockade[126-128] respect to anti PD-1 alone.

Considering that multiple processes are involved in immunogenicity of cancer cells and
immune response stimulation, some possible future strategies may be represented by the
following: (a) association of cancer vaccines (to boost specific anti-melanoma T
lymphocytes) and immune checkpoint blockers to prevent lymphocyte anergization by tumor
[129]; (b) combination between different immunostimulating agents and anti-inhibitory
checkpoints or (c) association of anti-melanoma drugs (i.e. anti BRAF or anti MEK therapy or
chemotherapy) with anti-inhibitory  checkpoints (NCT02460224, NCT02475213,
NCT02335918, NCT02413827, NCT01656642, NCT02357732, NCT02027961,
NCT01656642, NCT02130466). This latter approach could possibly led to a significant

improvement in patients with targetable mutations in the MAP Kinase pathway, as a recent
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report highlighted the role of immune adaptation in disease progression under targeted drugs
and the detrimental consequences of acquired resistance on CD8 intra-tumoral T cells [130].
Moreover, also the combination of checkpoint targeted drugs with molecules addressing
suppressive cells like Tregs or myeloid derived suppressor cells (for example, all-trans
retinoic acid should reduce myeloid derived suppressor cell detrimental effect on immune
system[131, 132]) could be possible. However, all these approaches, even though very
promising in theory or preclinical settings, should be tackled very carefully, because of
possible toxicity issues that preclinical studies may be insufficient to enlighten adequately.
For example, an early phase study that was considered very promising at the time of ideation,
aimed to assess the safety profile of the association of vemurafenib and ipilimumab, reported
unexpected severe toxicities, in particular hepatic adverse events that forced an early

termination of the trial for safety concerns [133].

1.5 Adjuvant and neoadjuvant therapy

The revolutionary results with the new immunological drugs obtained in metastatic patients
have encouraged researchers to design studies for the adjuvant setting as well. Ipilimumab has
also been tested in high risk stage III radically operated melanoma patients, and both PFS
and OS of this phase III study are indicating a clear benefit for ipilimumab compared with
placebo[134-136]: Again the toxicity was not negligible with more than 50% Grade 3 and 4
irAEs and 5 toxic deaths, although the dose used was 10 mg/kg every 3 weeks for 4 cycles
followed by maintenance every 3 months for 3 years (the actual standard dose for metastatic
melanoma is 3mg/kg every 3 weeks for 4 cycles). A phase III randomized study comparing
nivolumab vs. ipilimumab and a phase Il randomized trial comparing pembrolizumab vs.
placebo are ongoing (CheckMate-238 and KEYNOTE-054, respectively), patient accrual was

completed and data are expected. Obviously, the safety profile in the adjuvant setting, with a

21



portion of patients potentially already cured by surgery, will be of even more importance than
in the metastatic setting, and the possibility to observe late or delayed irAEs superior than
with a population with consistent risk of dying before irAE occurrence. Moreover a less

impaired immunosystem in the adjuvant setting could increase by itself the irARs.

A phase Ib study assessing the toxicity and activity of immunotherapy in the neoadjuvant and
adjuvant setting for patients with locally advanced melanoma is currently ongoing: 20 patients
were treated with nivolumab plus ipilimumab before (neoadjuvant) or after (adjuvant) surgery
for stage III (with nodal metastases) palpable melanoma with no in-transit metastases.
Ipilimumab was administered at 3 mg/kg and nivolumab was given at 1 mg/kg every 3 weeks.
The preliminary results were presented at the European Society of Medical Oncology 2016
congress[137]. In the neoadjuvant arm, patients received 2 cycles of therapy prior to surgery
followed by 2 cycles of the combination after resection. In the adjuvant arm, 4 cycles of
nivolumab and ipilimumab were administered following resection. At the time of the most
recent data cutoff (September 2016), 10 patients in the neoadjuvant arm were assessable. The
overall response rate in the neoadjuvant setting was 80%, which included 3 patients (30%)
who experienced a pathologic complete response. Six patients (60%) had a significant
response, with only micrometastatic disease following resection, of which 4 were labeled as
nearly pathologic complete response. A difference in surgery-related AEs was not observed
between the two arms, suggesting that neoadjuvant ipilimumab plus nivolumab did not
complicate resection. Overall, however, the rate of AEs seen in the study was much above
expectations. In fact, only 2 of the 18 evaluable patients completed 4 courses of therapy as a

result of severe adverse events.
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1.6 Biomarkers of prognosis and toxicity

Latest, but not last, the advent of new drugs, effective but very expensive and potentially
causing severe toxicity, will require a careful patient evaluation and selection to plan resource
allocation and treatment planning[138]. For example, several research groups are active in
analyzing potential biomarkers to identify patients who are likely to benefit from
immunotherapy, and a number of candidates have been investigated so far, including serum
lactic dehydrogenase (LDH) [72, 139], circulating lymphocytes[140] and neutrophils [139,
141], serum C-reactive protein (CRP) [73, 140], circulating tumour DNA [142] or morphemic
parameters like muscular infiltration by fat [143]. T-cell Receptor (TCR) clonality and
diversity analysis figures among the most promising candidates[144, 145]; however, the
available data are based on small series. Moreover, the analysis of TCR DNA is unfortunately
still too expensive to be recommended in daily practice. In addition, tumor burden, even if
with inevitable obstacle in standardization of the measurement, seems to be one of the most
important[78]. Of note, despite preliminary encouraging results, PD1-L expression has yet to
be confirmed as a valid prognostic or predictive biomarker in melanoma patients treated with
immunotherapy[146]. Notwithstanding the benefit of the combined blockage of CTLA4 and
PD1 vs. monotherapy in patients with negative or low tumour PD1-L expression was shown,
PDI1-L testing is not yet standardized in melanoma and is not recommended by regulatory

drug agencies for treatment decision [127].

The research field of toxicity of immunotherapy, even though fascinating and potentially
informative about the immunotherapy mechanisms of action and caveats, seems to be a bit
neglected in comparison to the resources dedicated to the study of activity and efficacy.
Indeed studies dedicated to prognostic or predictive biomarkers of immunotherapy toxicity in
patients with metastatic melanoma are numbered and no biomarkers have been identified so

far [147, 148].
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2 Patients and Methods

2.1 Patients and treatment

An observational prospective study was performed at the Veneto Institute of Oncology (I0V),
the main inclusion criteria being the administration of ipilimumab 3mg/kg every 3 weeks for

metastatic melanoma.

In the present work, we report the data of 113 patients for the prognostic analysis and of all
140 patients accrued for the toxicity; last data cut-off for the analysis was July 2015. The
Istituto Europeo di Oncologia (IEO) and the University of Torino (UT) databases were
queried for the values of the significant prognostic factors identified in the prognostic model

as well as for survival data of patients, to provide the validation cohort (N=97).

2.2 Biomarkers and patient variables

We collected and analyzed the anthropometric features with potential influence on
inflammatory or immunological status (age, gender), the treatment history and tumor burden
surrogate markers (S-100 and lactic dehydrogenase [149]). Then, to investigate the
inflammatory status of patients, we performed a study of biological blood markers of
inflammation, such as acute or chronic phase proteins (C-reactive protein [CRP][65] and beta-
2 microglobulin)[150-152]) and cytokines associated with inflammation and immune reaction
(vascular endothelial growth factor-A [VEGF][153], interleukin 2 [IL2][154], interleukin 6
[IL6][155]). In addition, to assess the possible influence of different leukocyte subpopulations
on treatment efficacy and toxicity, peripheral blood granulocytes and lymphocyte
subpopulations were counted. Patient characteristics were recorded from clinical records; age

and sex were included in the analysis. Baseline blood samples (before first ipilimumab
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administration) were analyzed for the following levels of melanoma and inflammatory
biomarkers: LDH (kinetic method optimized according to the German Society of Clinical
Chemistry), CRP (nephelometric method), beta2-microglobulin (immunonephelometric
method), VEGF (immunoenzymatic method), IL2 (immunoenzymatic method), IL6
(chemoluminescent immunoenzymatic method), S-100 (chemoluminescent immunodosing),
peripheral blood leucocyte (cytometric method) and lymphocytes subpopulations (which were
analyzed with cytofluorometry to identify membrane positivity for CD3, CD4, CDS, CD16,
CD19, CD56). The following antibodies were also searched in the plasma of patients: anti-
thyroperoxydase, anti-thyroglobuline, anti-neutrophil cytoplasmic and nucleus antigens, anti-
Glutamic Acid Decarboxylase (anti-GAD), and anti-adrenal glands (indirect
immunofluorescence, chemoluminescent immunodosage and immunoenzymatic method).
Blood tests and clinical examination were performed before every ipilimumab cycle (time
window from one week to the same day before administration) and then accordingly to
scheduled follow-up surveillance (first visit 2 weeks after treatment completion and then
approximately every 12 weeks). New regimen guidelines were also considered. Only one was
lost after first follow up visit. In case of toxicity, blood tests and examination took place
during an urgent unscheduled visit. Occurrence and outcome of AEs (according to CTCAE
v.4.0), date of last follow up and cause of death (melanoma or other) were collected from
clinical records. All patients gave informed consent to the treatments and to the use of their

clinical records for scientific purposes.
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2.3 Statistical analysis

Disease-free interval (DFI) was defined as the time from initial MM diagnosis to first
inoperable disease recurrence onset. Overall survival (OS) was defined as the time from first
ipilimumab administration to the date of death or last follow-up, and was estimated with the
Kaplan-Meier estimator, the log-rank test being used to compare survival estimates of
different groups. We used Cox proportional hazards regression analysis on the IOV dataset to
examine the association between potential prognostic variables and survival. Schoenfeld
residual methodology was used to check the proportional hazard assumption of the Cox
model. The Wald test with Bonferroni correction for multiple testing was used to assess the
significance of each variable included in the full model, fast-backward method (with Akaike
Information Criterion [AIC] as a stopping rule instead of P-values, in order to weight the
probability of both significance and prediction strength) was used to select the covariates in
the final model. Model performance was measured with the Receiver Operating Curve
simulation of the hazard prediction estimates at 6, 12 and 24 months; shrinkage slope (after
100 bootstrap replications) was used to calibrate the overfitting of the model, and
discrimination (a measure of the correlation with the hazard of death) was determined with
Somer’s Dxy (that i1s also equal to 2*(Harrell’s C-index - 0.5)). The prognostic model was
then externally validated using the IEO and UT combined datasets. A nomogram was tailored
on the final regression model, the total number of points derived by specifying values was
used to calculate the expected survival probabilities at 6, 12 and 24 months. Missing values
were estimated with multiple imputation using additive regression, bootstrapping, and
predictive matching; a correction on the estimation procedure, based on 20 multiple
imputations, was performed. Patients lost to follow-up, or whose death was unrelated to
metastatic melanoma progression were censored at last follow-up. When analyzing the impact

on survival of therapies after ipilimumab, the model was adapted with landmark analysis (i.e.
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in which survival time was defined as the time from 12 weeks after first ipilimumab

administration, at the time of first response assessment).

We used logistic regression analysis, corrected for the bias in prediction error estimates [156],
to examine the association between toxicity and above mentioned biomarkers. The algorithm
was constructed including stratification for time of observation. The model was fitted to data
using Wald test with Bonferroni correction for multiple testing to assess the statistical
significance of each covariate included in the model. Fast-backward method with AIC as a
stopping rule was applied to test the covariates in the final model. Stratification for the time of
observation was included in the model. Performance of this model was measured with the
Receiver Operating Curve, Harrell’s C-Index and standard error derived by the estimation
were reported; smooth calibration was evaluated with shrinkage slope (after 200 bootstrap
replications). The predictive effect of the model was then validated using bootstrap
methodology (200 replications), as advised for small datasets [157]. Visual tree method was
used to report cluster analysis for covariates. Overall survival (OS) was calculated from first
ipilimumab administration to date of death or last follow-up. OS was estimated with the
Kaplan-Meier survival method. Two-sided P-values were reported. Statistical analysis was
performed with R 3.0.2 (survival and rms libraries, R Foundation for Statistical Computing,

Vienna, Austria).
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3 Results:

3.1 Prognostic study

3.1.1 Patients characteristics

Putative prognostic factors were collected from the IOV dataset. Table 2 summarizes the
characteristics of patients included in the prognostic study. Table 3 shows the biomarker

levels at the time of first ipilimumab administration.

Tab.2 Patients characteristics

Variable N (%) Median (range)
Sex (M) 47 (42)
Weight (Kg) 69 (45-135)
Site of primary melanoma

Trunk 51 (45)

Limb 38 (34)

Extremities (Acral and Head and Neck) 4(4)

Mucosal 54)

Uveal 54

Unknown origin 10 (9)
Ulceration

Present 21 (18)

Absent 12 (11)

NA 80 (71)
Molecular alterations

BRAF and NRAS wt 29 (47)

BRAF V600 26 (43)

NRAS 6 (10)

Not tested 52
Disease-free interval (months) 27.8 (1.1-192.0)
N of therapies before ipilimumab 1(0-4)
PS

0 76 (67)

1 27 (24)

>2 10 (9)
Number of metastatic organs 3(1-6)
Localization of metastases

MIa or inoperable ITIC 16 (14)

MIlb 20 (18)

Mlc 77 (68)

Characteristics of patients and melanoma. Older cases did not report ulceration in the diagnosis of primary melanoma, and
were not tested for BRAF of NRAS mutation. Most patients had M1c disease, and the median number of metastatic organs
was 3, only a minority of patients had oligometastatic disease.

Tab. 3 Biomarkers
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Biomarker (normal range) Median (range)

White blood cells (4.40-11.00 x 10°6/L) 6.2 (2.3-17.5)

Eosinophils (0-0.50 x10"6/L) 0.08 (0.01-0.89)

Neutrophils (1.80-7.8 x 10°6/L) 4.0 (1.1-16.2)

Lymphocytes (1.10-4.80 x 10°6/L) 1.3 (0.7-2.5)
CD3+ (7.0-27.0 %) 71.0 (42.0-92.0)

CD4+ (32-52 %)
CD8+ (16-33 %)
NK (7.0-27.0 %)

39.0 (17.0-73.0)
23.0 (5.3-79.0)
18.0 (5.6-35.6)

CD3/CD16/CD56+ (1-11 %) 3.0 (1.0-13.0)

LDH (<1, x UNL)
CRP (0-6 mg/L)

2-microglobulin (1.09-2.53 ng/L)

IL6 (0-5.9 ng/L)

0.9 (0.4-11.56)
6.7 (2.9-214.0)
2.3(1.2-7.2)

3.5 (2.0-658.0)

IL2 (0-2 ng/L) 7(2-28.3)
S-100 (0.00-0.15 ug/L) 0.6 (0.03-97.0)
VEGF (62-707 ng/L) 431.5 (3.4-2100.0)

Median values of biomarkers were within the normal ranges, with the exception of CD3 lymphocytes, IL2 and S-100.

3.1.2 Survival and prognostic model

In the IOV cohort for the prognostic, 35 patients were alive after a median follow up of 8.2
months (95% CI=6.31-11.15). Median OS was 9.7 months, 1- and 2-year survival rates being
38.4% and 21.9%, respectively. After ipilimumab, 23 (20%) patients received at least one line
of systemic treatment: among these patients, 7 (6%) received BRAF inhibitors, 6 (5%) anti-

PD1 drugs, and one (1%) had surgical resection of residual disease.

In the validation cohorts, median OS was 4.9 months at IEO (95% CI 3.4-7.3; 15 patients
alive after a median follow up of 14 months), the 1- and 2-year survival rates being 23.9%
and 17.4%, respectively; at UT, median survival was 7.1 months (95% CI=2.9-na; 10 patients
alive after a median follow-up of 15 months), the 1- and 2-year survival rates being 41% and
26%, respectively. Covariates collected in the IOV cohort were tested for their relationship
with survival, and Figure 1 shows the discrimination (Somer’s Dxy) performance of the
variables tested the full model (i.e., the model including all available covariates): the highest

the Dxy, the strongest the relation with survival.
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Fig. 1
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The Somer’s Dxy was calculated for all the variables in the full model: the highest the Dxy, the strongest the relation with the
hazard of death. In this representation, the result does not render if the correlation is direct or inverse, and if it is statistically
significant. Baseline levels of IL6, LDH and neutrophils had the strongest relationship with the hazard, with Dxy>0.30.
Metastatic sites were analyzed both according to AJCC stage (i.e. inoperable III plus M1a vs. M1b vs. M1c) and according to

the specific location of metastases, focusing on the most common sites.

Baseline levels of IL6, LDH and neutrophils had the strongest relationship with the hazard of
death. These 3 covariates were associated with prognosis in the full model after Wald test
corrected for multiple testing (respectively, P=.046, P=.010, P=.001), while the presence of
CNS active metastases (P=.081) and CD8 lymphocyte count (P=.052) showed a trend. After
fast backward variable selection, only LDH and baseline neutrophils satisfied the AIC rule
and were retained in the final model. In particular, higher baseline levels of LDH (HR=1.36,
95% CI 1.16-1.58, P<.001) and neutrophils (HR=1.76, 95% CI 1.41-2.10, P<.001) were

associated with a worse prognosis. Figure 2 shows the predictive effect on the death relative

30



hazard of LDH (both as linear predictor and after square root transformation) and neutrophil

level.

Fig. 2 Predictive effect on the death Relative Hazard of LDH and neutrophil count
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The figure shows the predictive effect on the death relative hazard of serum LDH and neutrophil count. On the y-axis the Log
of relative hazard is represented; this means that a Hazard Ratio (HR) of 1 corresponds to 0, upper values corresponds to
HR>1 and lower values corresponds to HR<1. Point wise .95 confidence bands (shadowed area) are also shown. “Rug plots”
on curves show the density of the predictor. LDH is represented both before (left) and after (centre) square root
transformation, to show the relaxation of the relation: the curve is, in fact, straight in the center graph, as for neutrophil count
(right), indicating a linear relation with the hazard.

The analysis were adapted to include the therapy regimens after ipilimumab for patients who
prosecuted active treatments at disease progression, and showed a non significant trend for
survival benefit for PD1 inhibitors and, in the subgroup of patients BRAF mutated, for BRAF

inhibitors (not shown).

The shrinkage factor (slope) of the prognostic model was 0.95 (range of the parameter 0-1,
where 1 would be the ideally fitted model). Supplemental (??) Figure 1 shows the Receiver
Operating Characteristic curves of the performance of survival prediction at 6, 12 and 24

months (the closeness of the lines refers to the reliability of the predictions).

The Proportional Hazard Hypothesis was confirmed both in the full and the final model. The

prognostic model was validated internally with bootstrap methodology (200 bootstrap
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replication) and the Dxy (the possible range of the parameter being 0-0.5, where 0.5 is the
ideal model) resulted 0.42 (standard error [SE] .006). The Dxy of the external validation,
performed using the conjoined IEO and UT datasets, was 0.40 (SE .007). A prognostic
nomogram was tailored on the final prognostic model (Fig. 3); it could be used to calculate

the hazard of death given the value of LDH and neutrophil count at baseline.

Fig. 3 Nomogram
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The sum of the prognostic factor points corresponds to the survival probability at 6, 12 and 24 months. For example, we sum
the total points for a patient with LDH= 2.5 xXUNL (upper normal limit) (for example, a value of 625U/L with a laboratory
UNL=250U/L) and neutrophil count=7x10%L. Points for LDH=27, points for neutrophils=70 The sum of the prognostic
factor points is 97, corresponding to a survival probability of 30% at 6 months, less than 10% at 12 months and tending to
zero at 24 months.

3.1.3 Predictive value of the prognostic factors

We grouped patients from the two cohorts (IOV and the validation cohort consisting of IEO
plus UT), separating the patients according to LDH and neutrophil baseline levels, to assess
the ability of the prognostic factors to discriminate the patients who lived longer than 24
months. In the Cox regression final model, the value of neutrophils and LDH for which the
HR was | were, approximately, 4.7x10%L and 1.5 x UNL, respectively; therefore, we used

these cut-offs to group patients. Both cut-offs rendered 3 groups of patients: (a) high LDH; (b)
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low LDH and high neutrophils; (c) low LDH and low neutrophils. Survival of patients with
high LDH did not diverge according to neutrophil value (data not shown). The 3 groups were
significantly different at the survival analysis (Figure 4), being the median OS of patients with
low LDH and low neutrophils (c) notably superior to that of the other 2 groups (Figure 4 A

and B, and Table 3).

Fig. 4 Survival curves according to prognostic groups
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Survival curves in patients treated with ipilimumab at IOV (left) and in the validation cohort (right, IEO and UT patients),
according to cut off of LDH and neutrophils of 1.5x UNL and 4.7 x 10"6/L (upper) and of 2x UNL and 7.5 x 10"6/L (down).

Additionally, we also used the previously proposed prognostic cut-off for neutrophils[158]
and LDH[72] of 7.5x10%L and 2 x UNL, respectively, to gather the patients of IOV and
validation cohort according to (a) high LDH; (b) low LDH and high neutrophils; (c) low LDH

and low neutrophils. Again, at the survival analysis the 3 groups were significantly different
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both for IOV and the validation cohort patients (Figure 4 C and D, and Table 4); moreover,

these cut offs were more specific in discriminating long survivors. In particular, median OS of

patients with baseline LDH superior to 2 XUNL (a) or more than 7.5 x10%/L neutrophils (b)

was far below 6 months, with zero patients alive at 24 months.

Tab. 4 Prognostic groups in IOV and validation cohorts

Cohort/prognostic group N Median 95% CI 6 m 12 m 24 m P
(deaths) survival survival survival survival
(months) (%) (%) (%)

cut-of: LDH 1.5xUNL and neutrophils 4.7x10°%/L
Low LDH low neutrophils 61 (34) 12.3 10.6-26.8 82.3 52.0 29.7 <.001
Low LDH high neutrophils 28 (24) 4.4 3399 27.9 17.5 0

E High LDH 21 (16) 3.7 2.4-11.1 28.8 6.7 0

— | Low LDH low neutrophils 30 (14) 26.6 8.9-na 73.2 57.0 8 <.001

-

2 | Low LDH high neutrophils 35(29) 3.7 2.8-7.5 37.1 22.0 8

=

% High LDH 32 (30) 33 2.3-5.8 25.8 8.6 0

cut-off: LDH 2xUNL and neutrophils 7.5x10%/L
Low LDH low neutrophils 87 (56) 11.6 7.7-17.0 66.7 439 20.2 <.001
Low LDH high neutrophils 6 (6) 5.1 2.5-na 333 16.7 0

E High LDH 1712) | 37 2.1-na 311 10.4 0

= Low LDH low neutrophils 68 (44) 7.9 5.5-26.6 58.7 42.7 294 <.001

-

S | Low LDH high neutrophils 12 (12) 2.9 1.7-na 8.3 0 0

<

% High LDH 177 |29 1.65.8 0 0 0

Survival cohorts in patients treated with ipilimumab at IOV and in the validation cohort (IEO and UT patients), according to
cut off of LDH and neutrophils of 1.5x UNL and 4.7 x 10"6/L (upper) and of 2x UNL and 7.5 x 10"6/L (down). Both cut-off
resulted in 3 groups (low LDH and low neutrophils vs. low LDH and high neutrophils vs. high LDH) that significantly
differed for survival. Using the second cut-off set (down) the 2-year survival for patients with high neutrophils or high LDH

is 0%.
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3.2 Toxicity study

The toxicity study was performed on the full cohort of 140 patients, enriched with 27 patients
enrolled after the completion of the prognostic study. Details about the patients are

represented in Table 5.

Tab. 5 Patients characteristics for the toxicity study.

Patients characteristics Median or N (range or %)
Sex male 86 (61.4)
female 54 (38.6)
Age 63.0 (27.0-85.0)
Number of previous treatments 1(0-4)
Observation time (months) 6.2 (0.7-53.6)
Biomarker (normal range) Median (range)
White blood cells (4.40-11.00 x 1076/L) 6.2 (2.3-17.5)
Eosinophils (0-0.50 x10”6/L) 0.08 (0.01-0.89)
Neutrophils (1.80-7.8 x 10°6/L) 4.0 (1.1-16.2)
Lymphocytes (1.10-4.80 x 10"6/L) 1.3 (0.7-2.5)
CD3+ (7.0-27.0 %) 71.0 (42.0-92.0)
CD4+ (32-52 %) 39.0 (17.0-73.0)
CD8+ (16-33 %) 23.0 (5.3-79.0)
NK (7.0-27.0 %) 18.0 (5.6-35.6)
CD3/CD16/CD56+ (1-11 %) 3.0 (1.0-13.0)
LDH (<1, x UNL) 0.9 (0.4-11.56)
CRP (0-6 mg/L) 6.7 (2.9-214.0)
32-microglobulin (1.09-2.53 ng/L) 2.3(1.2-7.2)
IL6 (0-5.9 ng/L) 3.5 (2.0-658.0)
IL2 (0-2 ng/L) 7 (2-28.3)
S-100 (0.00-0.15 ug/L) 0.6 (0.03-97.0)
VEGF (62-707 ng/L) 431.5 (3.4-2100.0)

The table describes the features of the patients included in the study. Of note, most of the biomarkers lied within the normal
ranges with the exception of CD3 positive lymphocytes, IL2 and S-100 levels, that were superior to the value of the average
healthy population.

AEs are reported in Table 6 and reflect the typical toxicity pattern for ipilimumab in a real
world setting. Sixty-five of 140 patients (46%) experienced some AEs (any grade, with 124
recorded AEs); of them, 49 had more than one AE, the commonest association being skin
toxicity and constitutional symptoms (19 patients). Thirty-six patients (26%) experienced a

severe adverse event (2 patients had 2 concomitant G3-4 AE, with a total of 38 recorded G3-4
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AEs). Of note, two of them had late events (one G4 diarrhea 3 months after treatment

completion and one G3 diarrhea plus hypophysitis 5 months after treatment completion).

Tab. 6 Adverse Events

Adverse Event N (%) G3-4 N (%),
tot=140 patients tot=140 patients
Cutaneous 52 (37) 5@4)
Pruritus 22 (16) 3(2)
Rash 24 (17) 2(1)
Vitiligo 64 0
Gastrointestinal 30 (21) 21 (15)
Diarrhea 21 (15) 19 (14)
Pancreatitis or lipase/amylase increase 54 2(1)
Nausea/vomit 3(2) 0
Constipation 1(1) 0
Constitutional symptoms 21 (15) 0
Fatigue 13 (9) 0
Fever 7(5) 0
Headache 1(1) 0
Endocrine disorders 12 (9) 11 (8)
Hypophysitis 10 (7) 10 (7)
Thyroiditis 1(1) 0
Hyperglycemia 1(1) 1(1)
Other 9(6) (D)
Arthralgia 5@ 1(1)
Hepatotoxicity 2(1) 0
Anemia 1(1) 0
Posterior uveitis 1(1) 0

The most frequent adverse events by all grades were cutaneous toxicity. On the other hand, gastrointestinal events accounted
for the majority of severe (G3-4 according to the Common Terminology Criteria for Adverse Events) toxicities. Patients may
have more than one toxicity event, in particular, out of 140 patients, 65 (46%) experienced some AEs and of them, 49 had
more than one AE, for a total of 124 total recorded adverse events.
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Grade 3-4 diarrhea, which occurred in 19 patients (14%), was the most frequent cause of
treatment discontinuation due to toxicity, followed by hypophysitis, which occurred in 9
patients (6%). Patients experiencing G3-4 AEs remained on corticosteroid therapy for a
minimum of 4 weeks, to a maximum of 8 months of mineral-corticoid replacement in a case
of hypophysitis (treatment ongoing). Investigated serum antibody titers did not correlate with
occurrence of AEs. Of note, we did not observe any correlation between baseline anti-
thyroperoxydase titer and the occurrence of thyroiditis. One patient developed anti-GAD
antibodies after treatment completion, without evidence of any AEs. One death was suspected
caused by refractory hypophysitis because of clinical presentation with asthenia and declining
PS associated with low Adrenocorticotropic Hormone and ionic imbalance, which worsened
despite corticosteroids; however, the autopsy did not find evidence of immune aggression

neither in the hypophysis nor in other organs.

The association between collected clinical figures, biomarkers and G3-4 AEs was investigated
accounting for patient survival. Female patients and those with lower IL6 baseline serum
levels had higher risk of developing G3-4 toxicity (OR=1.5, 95% CI 1.06-2.16 and OR=2.84
for 1ng/L variation, 95% CI 1.34-6.03, respectively). These two variables were also the only
significant after backward selection (AIC rule satisfied, Chi-square 5.24, P=.022 and Chi-

square 7.37, P=.007, respectively, Figure 5).
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Fig. 5
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The risk of adverse events decreases for increasing baseline levels of IL6. At parity of IL6 serum concentrations before
ipilimumab treatment, the risk of toxicity is higher for women.

No significant correlation with the subtype of AE emerged from the cytokine analysis, as well
as from the analysis of all considered biomarkers. Correlations and significance level for the

full marker panel are reported in Table 7.

These findings were validated using bootstrap analysis; C-index was 0.65, standard error was

0.038.

Nine patients experiencing G2-4 AEs were treated with an anti-PD1 antibody, pembrolizumab
or nivolumab, at melanoma progression; none of them had severe AEs with anti-PD1 therapy
(one patient who had previously suffered from G3 arthritis experienced G1 arthritis after three

pembrolizumab courses, resolved with short term low-dose corticosteroid therapy; one patient
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who previously had G2 pruritus developed transient and self-limiting G1 pruritus after the

first course of pembrolizumab).

Tab. 7 Biomarkers and associated risk of toxicity

Clinical or biological marker Odds Ratio P 95% CI
Interleukin 6 2.84 .007 1.34-6.03
Sex: Female 1.5 .022 1.06-2.16
LDH 1.18 .645 0.58-2.41
Age 2.82 283 0.42-18.81
Interleukin 2 0.74 934 0.00-1025.23
Beta2-microglobulin 0.16 164 0.01-1.6
Natural Killer cells 0.63 .593 0.12-3.67
Total lymphocytes 0.28 314 0.02-3.36
CD3 lymphocytes 0.41 .841 0-2500.35
CD4 lymphocytes 2.93 722 0.01-1096.90
CDS8 lymphocytes 14.04 461 0.01-15879.76
Eosinophils 3.28 151 0.65-16.63
S-100 protein 1.05 489 0.91-1.21
C Reactive Protein 2.08 308 0.51-8.52
White blood cells 15.02 303 0.09-2621.67
Neutrophils 0.59 704 0.04-8.95
Vascular Endotelial Growth Factor-A 0.65 748 0.04-9.30

The table resumes the Odds Ratios (OR) for ipilimumab toxicity and significance levels for the markers analyzed in the
study. Only interleukin 6 and sex had a significant association with the risk of immune-related adverse events (independently
of toxicity subgroup). OR for continuous variables refers to the cumulative OR for one unit increase. LDH=lactic
dehydrogenase.

Of note, two patients who had interrupted ipilimumab treatment because of G3 diarrhea and
one patient who had interrupted ipilimumab because of G3 hyperglycemia were treated with
anti-PD1s and did not experience any AEs, after a treatment time span between two and eight

months.
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4 Discussion, future perspectives and conclusions

With the advent of targeted therapies, oncologists need a reliable tool to personalize
treatments in order to reduce the economic Healthcare System burden [159], as well as
exposition to toxicity for patients who are unlikely to benefit from therapies. With the advent
of second generation anti-inhibitory checkpoint monoclonal antibodies, ipilimumab can no
more be considered the standard first line immunotherapy for metastatic melanoma patients;
however, it is still a second line option for patients progressing after anti-PD1 inhibitors. In
addition, it was approved even if only in US. So far, in the adjuvant setting: as consequence,
this study could have a clinical relevance in a large patient population. Moreover, our findings
should be tested in a cohort of patients treated with anti-PD1s or combination of anti-PD1 and

anti-CTLA4 drugs, to verify if they are specific for ipilimumab or not.

4.1 Discussion

The aim of our study was to identify, in a real-world setting, prognostic factors that could be
easily introduced in routine clinical practice, to screen the patients who are candidates to
ipilimumab. LDH levels and neutrophil count were independent prognostic factors, regardless
of melanoma origin and other clinical characteristics and biomarkers: the higher their values,
the worse the patients’ prognosis; LDH and neutrophils also resulted predictive factors of
significant benefit from treatment with ipilimumab, i.e. a survival longer than two years. The
nomogram we developed based on the findings of the prognostic model was externally

validated, with satisfactory calibration and discrimination comparable to previously published
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models for rare tumors [160] and we believe this nomogram could be very useful if
implemented in the routine clinical practice. Objective response was not considered an end-
point, because of the peculiar pattern of responses of ipilimumab: in fact, tumour response
rates (TRR) are relatively low and it may take months for tumour shrinkage to occur, even
after an initial progression [161]. This is why the most important results obtained with
ipilimumab are usually measured in terms of OS and not in terms of TTR [62]. Our findings
are consistent with previous works, concluding that neutrophils and LDH are independent
prognostic factors for melanoma, in particular when patients are treated with immunotherapy
[72, 158, 162], and the results of this part of the project have already been published by
Valpione et al.[139] and confirmed on a larger cohort from the Italian Expanded Access
Program data [141]. Moreover, high neutrophils were found to be an independent poor
prognostic factor in metastatic renal cell carcinoma as well [163, 164]. The relationship
between neutrophils and prognosis of melanoma is not fully known. One possible explanation
is that the tumour microenvironment, which is believed to play an essential role in
determining the response to immunotherapy [165, 166], could be influenced by neutrophils
themselves, for example by producing tumor-stimulating or immunosuppressive cytokines
[167-169], or coadiuvating tumor invasion with the release of metalloproteinases [170, 171].
An alternative hypothesis is that the circulating neutrophil count is the consequence of a
cytokine stimulus conditioned by melanoma [172]: this way the neutrophils could be the
expression of an immunosuppressive environment induced by the tumour itself. The absence
of a significant correlation between neutrophil levels and toxicity looks like in favor of the
latter hypothesis. The confirmation of the independent prognostic value of LDH 1is consistent
with the well-established importance of this marker for melanoma [72, 173], at the point that
it 1s included in the AJCC TNM classification for stage IV melanoma[174]. Although the
importance of both neutrophils and LDH in melanoma patient prognosis was previously

known, this is the first time that these parameters have been evaluated together with a large

41



series of clinical and biochemical markers; moreover, they were compared both for their
prognostic and predictive implication, and resulted equally significant to be considered and
helpful to stratify patient expected outcome. In our study, only LDH and neutrophils were
retained in the final model, but interleukin-6 showed a trend of association with survival and
it is likely that implementing the number of observations this factor reaches statistical
significance; anyway, a planned extended analysis should give more insight into the
prognostic value of an inflammatory marker as interleukin-6. The present study includes data
from patients mainly treated before the approval of BRAF inhibitors and clinical
implementation of PD1 inhibitors. In fact, patients treated with these drugs at disease
progression after ipilimumab are a minority. Patients who progressed after ipilimumab had
limited options at the time of the study, or their conditions allowed no active therapy. This
reflects the oncologic treatment repertoire before the era of BRAF and PD1 inhibitors and
enabled us to assess the value of prognostic factors without the confounding effect
represented by post-ipilimumab therapies, which are expected to impact on survival[76, 127,
175-179]. BRAF status was unknown in a number of cases, because at the time no targeted
therapies were available and as consequence the costs of the test were not justified; anyway,
BRAF mutations have no influence on response to ipilimumab [68]. In the near future, due to
the ever-growing diffusion of other target therapies, the conduction of a study on prognostic
factors in patients treated with ipilimumab could be unfeasible because of the interference of
subsequent treatments. In our opinion, the relevance of neutrophils and LDH as prognostic
factors is worthy to be studied with the future therapeutic options, in particular for patients
treated with the new generation immunotherapy (for example anti-PD1s or combined anti-
PD1s plus ipilimumab). Interested in the possible predictive value of neutrophils and LDH,
we looked for a cut-off that could discriminate the patients who did not survive more than 24
months, but additional studies are needed to clarify the best therapeutic approach for patients

with high LDH or high neutrophils. The inefficacy of ipilimumab for patients with LDH
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superior to 2 x UNL and neutrophils superior to 7.5 x 10%L undoubtedly, notwithstanding the
difficulty to effectively quantify it in absence of a control group, raises the question whether
the patients with high LDH and neutrophils are refractory to ipilimumab, or are affected by a
more aggressive variant of the disease. In these subgroups of patients with worse prognosis,
one possibility would be to test if newer therapies such as anti-PD1, combined anti-PD1 and
anti-CTLA4, or anti-BRAF/anti-MEK inhibitors, could be more effective than ipilimumab
alone. Moreover, although our results may give some indications regarding a subset of
patients with a very poor prognosis, confounding factors are numerous and we encourage the
research of efficient, reliable and possibly easy biomarkers that could be applied in the
clinical practice to tailor the treatment of metastatic melanoma patients in the aim of avoiding

wasting of resources and unnecessary toxicity, when possible.

To our knowledge, this is one of the first studies planned to look for predictors of toxicity

with ipilimumab in patients with metastatic melanoma[147, 148].

Among a wide range of serum markers investigated, baseline levels of IL6, a well-known pro-
inflammatory cytokine, can stratify the risk of developing AEs: in particular, the lower the
level of IL6, the higher is the risk of AEs. Moreover, female patients have an increased risk
than males. This may have implications for establishing personalized follow-up strategies for

these patients.

CTLAA4 blockade by ipilimumab provides suppression of the inhibitory signal to T-cells and
increases the chances for activation against tumor cells. Activation of effector T-cells by
CTLA4 is not antigen-specific, and the details of the process of tumor clearance and
aggression of bystander cells are not completely understood. In fact, the pattern of immune

deregulation occurring in individuals or animals with CTLA4 constitutive impairment does
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not completely match with the most frequent AEs described for anti-CTLA4 antibodies, thus
suggesting a toxicity mechanism for these drugs that is not limited to CTLA4 inhibition [180,
181]. For example, it is hypothesized that a prolonged depletion of Tregs following
ipilimumab, disrupting the necessary immunomodulation at the gut interface, might be a
cause for severe immune-mediated colitis[65]. Moreover, a direct action of ipilimumab on
organs affected by toxicity may be hypothesized: for example, a potential explanation of
immune-related hypophysitis comes from preclinical models that demonstrated CTLA4
expression in the pituitary gland [182]. However, this issue is still debated and the current
hypothesis is that AEs follow a reduction in tolerance to antigens previously recognized as
“self”, which eventually leads to autoimmune events [183]. In this scenario, the inflammatory
environment could play a pivotal role in regulating the development of an autoimmune

disease.

Toxicity management in patients receiving immunostimulatory agents, such as ipilimumab,
may be challenging, requiring a careful patient monitoring by experienced multidisciplinary
teams. Despite appropriate patient education and guidelines for AE management, fatal events
have been recorded in most studies and case series. Strikingly, AEs may occur after
completion of treatment with ipilimumab, thus making often patients monitoring a difficult
task. Moreover, AE management represents a meaningful economic burden [184] which adds
to the already high drug costs. Taking these considerations together, identification of patients
at risk of developing severe AEs is of paramount importance to plan personalized

surveillance.

Researching for a possible association between treatment response and toxicity is challenging
for at least two reasons. Firstly, although immunosuppressive therapy administered to manage
AEs is considered not detrimental for anti-tumor response, its real impact on anti-tumor

immune activation is unknown. Indeed, we could argue that patients with AEs might have a
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better clinical effect than patients without AEs, but this is offset by the steroids necessary to
resolve the toxicity, with the final result of making the patients no more responsive than
others. Secondly, the probability of experiencing delayed AEs depends on patients’ survival.
Intuitively, a patient who dies because of rapid melanoma progression will not have any
possibility to develop late AEs, despite an environment potentially favoring autoimmunity.
However, the study performed on all the patients of the Ipilimumab Italian Expanded Access
Program found no association between effectiveness and occurrence of any AEs [185]. In
contrast, there appears to be a correlation between severe AEs and outcome for melanoma
patients treated with anti-PDl1s, according to a recent pooled analysis on nivolumab or
nivolumab plus peptide vaccine treatment [186], which calls for further investigation in this

field.

Inflammatory environment and microenvironment may play a role in immune-tolerance and
tumour response, and inflammation could impact on AEs. A tumor-induced disruption of
inflammatory cytokine network and balance between acute and chronic phase cytokines may
have detrimental effects both on tumor response and, on the other hand, autoimmunity

occurrence.

IL6 is an acute phase cytokine usually secreted during infections or tissue damage and its
production is rapidly switched off after healing [187], but an aberrant production has been

associated with several aspects of cancer biology [188].

Patients with higher levels of IL6 have lower risk of AEs; conversely, lower baseline levels of
IL6 are associated with higher risk of AEs. Remarkably, metastatic melanoma patients with
low IL6 serum levels had a better prognosis [155] and showed a trend for longer survival after
ipilimumab treatment (considering the stringency of the statistical tests used in the present
study, it is possible that a larger sample size would prove IL6 significance) [189]. These

results are consistent with the findings of immune-suppression and tumour invasiveness
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occurring after IL6 induction by colon rectal cancer cells [190]. In addition, a recent study
demonstrated that melanoma cells, mainly via prostanoid signaling, induce negative
immunomodulatory effects by means of a series of pro-inflammatory mediators, including the
stimulus of IL6 secretion by myeloid cells, ending with the polarization of inflammation
towards immune-suppression [191]. Moreover, IL6 might also directly contribute to cancer
aggressiveness, since it has been linked to metastasis modulation and stemness in a number of
cancers [192-195] and IL-6 production appears involved in the acquisition of an aggressive
phenotype in mouse melanoma models [196]. In this context, metastatic melanoma may
induce chronic high level of IL6, which can both confer aggressiveness and compromise the
immune-inflammatory regulation, affecting the immune response elicited by CTLA4
blockade. Conversely, patients with low, normal physiological levels of IL6 (the cut-off we
found is within the normal range) have more probability to respond to ipilimumab, but their

immune system will also be at risk of significant AEs.

Given that females are at higher risk of several autoimmune diseases, it is not surprising that
women have greater risk of AEs than men with the same levels of IL6 and time of
observation. Interestingly, no gender effect was observed in the prognostic study; nonetheless,
the prognosis of primary melanoma is different for the two genders, in favor of female
patients. This difference was, in the past, justified with the dissimilar skin sun exposure habits
and consequent differential UV damage sites and intensity, with relevant biological
subgroups[197], but the influence of hormonal factors could be related to apoptotic pathways
hormonal regulation [198]. The impact of the endocrine system on immune regulation in
patients with melanoma is yet to be explored [199]. The results of this thesis corroborate the
hypothesis of a significant role for endocrine elements in immunology of tumours, in a

complex and not completely understood interaction of hormones with immune system.
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Another finding of this study is the absence of correlation between auto-antibody tiers and the
occurrence of AEs, confirming the hypothesis of cytotoxic lymphocyte mediated toxicity

[200].

This study was designed to investigate markers commonly available at clinical laboratories in
order to offer easy-to-obtain and reproducible biomarkers of toxicity and did not analyze
immunosuppressive blood cells. The association between these cells, i.e. Tregs and myeloid
derived suppressor cells, and adverse events is still controversial and more research is needed
before they can be considered of clinical practice. However, a recent paper from Martens et
al. [148] showed no association between immunosuppressive blood cells and adverse event

occurrence in metastatic melanoma patients treated with ipilimumab.

A subgroup of patients who underwent treatment with anti-PD1 antibodies after severe
toxicity from ipilimumab did not experience significant reactivation of AEs. This result
should be viewed as hypothesis generating, as anti-PD1 antibodies could appear safe in
patients who had severe AEs after ipilimumab. Further confirmation in larger cohorts is
warranted, for no evidence of cross-linking toxicity emerged, as previously suggested by
small series[201]. Of note, the diffusion of checkpoint inhibitors based immunotherapy for a
growing number of cancers [202], the use of combination checkpoint inhibitors like
ipilimumab plus nivolumab (with a significant risk of immune toxicity) [126, 127, 203],
coupled with the implementation of ipilimumab for the adjuvant therapy of melanoma [136,
204], should increase the interest to extend the use of sex and IL6 for the prediction of AEs in
patients affected with tumors other than melanoma and treatment setting other than

metastatic.

In some measure, the calibration and the validation of the statistical model suffered from the
small sample size, thus encouraging further validation of our results in larger series that could

have a more significant predictive value.
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4.2 Future perspectives

This study was specifically designed for biomarkers of response and toxicity easily available
for daily clinical practice, but a number of other candidates could become accessible for
extensive study in the near future and eventually proposed to clinicians for treatment

decisions.

Possible nominees include TILs analysis in pre-treatment tumour biopsies, TCR clonality and
diversity in TILs and circulating T cells[205] and functional assays of cancer-specific immune
reactivity in patient lymphocytes[206]. Unfortunately, with the exception of TILs distribution
and phenotype analysis in pre-treatment tumour biopsies for a subgroup of cancers (with the
limitations concerned the availability of tissue) [207, 208], these tests are far from being

validated or available in clinics.

Recently, JAK 1/2 loss has been highlighted as a biomarker of immunotherapy failure in
patients with primary or acquired resistance to anti-PD1s. However, JAK 1/2 mutations or,
more extended, IFN pathway impairments have only been demonstrated in a minority of
cancers. As consequence, the majority of patients are left without an explanation for the
disappointing response[209, 210]: such a prognostic biomarker would have an unacceptable
false negative rate. Furthermore, specific gene sequence analysis offers only a narrow
assessment and requires a biopsy that is not always easily available. In addition, DNA
sequencing is expensive and whole exome sequencing of tumour biopsies for all patients
would be unaffordable outside a clinical trial with dedicated resources. Unbiased analyses for

mRNA or miRNA expression and proteomics suffer from the same limitations.

Liquid biopsy technologies (circulating tumour DNA [ctDNA] and its methylation,

circulating RNA, exosomes and microvesicles) allow an in depth analysis of tumour
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metastases without the burden and possible complications of surgical biopsy. For example,
ctDNA has demonstrated to be useful for the study of resistance to targeted therapy and
evolution of the tumour during treatments [211, 212]. Studying ctDNA fragment length and
methylation status, useful information about actively transcribed or silenced genes could be
available[213, 214], while circulating vesicles could provide an insight on the cross-talk
between cancer cells and healthy cells, included immune cells, with potentialities that have
only begun to be explored[215]. It’s becoming clear that, with the progress of technical tools
and the increasing sensitivity of the assays, liquid biopsy is looked upon at as the next frontier
to study cancer metastases and microenvironment and these technologies could not only
provide non-invasive tools to investigate the interactions between the tumour and the immune
system, but might contribute to provide targets for personalized immunotherapy. For example,
ctDNA sequencing could give information about tumour specific neo-antigens burden and
neo-epitopes to be used as targets for CARs or bi-specific monoclonal antibodies. However,
in addition to the costs, all of these innovative approaches are still to be tested or validated

and are currently confined to research projects.

Finally, another implementation in the field of the present thesis research would be to study a
mechanistic model to explain the biological reasons underlying neutrophil level prognostic
value, and to study the interactions between immune cells, hormonal environment and IL6
and melanoma. This could not only provide a better understanding of melanoma biology, but
also be useful for future therapeutic approaches, for example by means of anti-IL6 drugs or
IL6 modulators that could have the dual benefit of inhibiting cancer cells and reprogramming

immunosuppressive environments[216].
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4.3 Conclusions

In conclusion, we propose that levels of neutrophils and LDH could help clinicians to select
patients before treatment initiation, and ipilimumab may not be the best treatment in patients
with higher neutrophil count and LDH, in particular when superior to 7.5x10%/L and x2 UNL,
respectively. A comparative study would answer the question whether the patients with high
LDH and neutrophils are refractory to ipilimumab, or are affected by a more aggressive
variant of the disease. Serum baseline IL6 evaluated before ipilimumab treatment could be
useful to identify patients at risk of toxicity and to plan a more specific monitoring during and
after the treatment, aiming at increasing its safety. In particular, females with low IL6 serum
levels should be carefully monitored for late AEs. This finding has implications for patients

counseling and for planning appropriate toxicity surveillance even after treatment conclusion.

The results of this thesis could be proposed for prospective studies with new generation
immunotherapy like anti-PD1s and combination immunotherapy (for example, combination
of ipilimumab and nivolumab), or combination of immunotherapy and targeted agents, both in

the metastatic and in the neoadjuvant or adjuvant settings.

In addition, there is space of hypothesis generating speculations about the biological
mechanisms underlying the interactions between melanoma, neutrophils, IL6 and endocrine

factors.

50



5 Bibliography

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Korn, E.L., et al.,, Meta-analysis of phase Il cooperative group trials in metastatic stage IV
melanoma to determine progression-free and overall survival benchmarks for future phase Il
trials. J Clin Oncol, 2008. 26(4): p. 527-34.

Boussiotis, V.A., Somatic mutations and immunotherapy outcome with CTLA-4 blockade in
melanoma. N Engl J Med, 2014. 371(23): p. 2230-2.

Lawrence, M.S., et al., Mutational heterogeneity in cancer and the search for new cancer-
associated genes. Nature, 2013. 499(7457): p. 214-8.

Maio, M., et al., Five-year survival rates for treatment-naive patients with advanced
melanoma who received ipilimumab plus dacarbazine in a phase Ill trial. ) Clin Oncol, 2015.
33(10): p. 1191-6.

Mocellin, S., C. Benna, and P. Pilati, Coinhibitory molecules in cancer biology and therapy.
Cytokine Growth Factor Rev, 2013. 24(2): p. 147-61.

Coley, W.B., The treatment of malignant tumors by repeated inoculations of erysipelas. With
a report of ten original cases. 1893. Clin Orthop Relat Res, 1991(262): p. 3-11.

Thomas, L., Cellular and humoral aspects of the hypersensitive states. . Lawrence HS eds,
Hoeber-Harper Publ, New York, 1959: p. 529-32

Burnet, F.M., The concept of immunological surveillance. Prog Exp Tumor Res, 1970. 13: p. 1-
27.

Dunn, G.P., LJ. Old, and R.D. Schreiber, The three Es of cancer immunoediting. Annu Rev
Immunol, 2004. 22: p. 329-60.

Teng, M.W.,, et al., From mice to humans: developments in cancer immunoediting. J Clin
Invest, 2015: p. 1-9.

Finak, G., et al., Stromal gene expression predicts clinical outcome in breast cancer. Nat Med,
2008. 14(5): p. 518-27.

Hanahan, D. and R.A. Weinberg, Hallmarks of cancer: the next generation. Cell, 2011. 144(5):
p. 646-74.

Pol, J., et al., Trial Watch: Immunogenic cell death inducers for anticancer chemotherapy.
Oncoimmunology, 2015. 4(4): p. e1008866.

Kroemer, G., et al., Immunogenic cell death in cancer therapy. Annu Rev Immunol, 2013. 31:
p.51-72.

Martins, I., et al., Molecular mechanisms of ATP secretion during immunogenic cell death. Cell
Death Differ, 2014. 21(1): p. 79-91.

Kepp, O., et al.,, Molecular determinants of immunogenic cell death elicited by anticancer
chemotherapy. Cancer Metastasis Rev, 2011. 30(1): p. 61-9.

Vinay, D.S., et al., Immune evasion in cancer: Mechanistic basis and therapeutic strategies.
Semin Cancer Biol, 2015.

Tai, T., et al., Immunogenicity of melanoma-associated gangliosides in cancer patients. Int J
Cancer, 1985. 35(5): p. 607-12.

van der Bruggen, P., et al., A gene encoding an antigen recognized by cytolytic T lymphocytes
on a human melanoma. Science, 1991. 254(5038): p. 1643-7.

Boel, P., et al., BAGE: a new gene encoding an antigen recognized on human melanomas by
cytolytic T lymphocytes. Immunity, 1995. 2(2): p. 167-75.

Real, F.X., et al., Class 1 (unique) tumor antigens of human melanoma: identification of
unique and common epitopes on a 90-kDa glycoprotein. Proc Natl Acad Sci U S A, 1988.
85(11): p. 3965-9.

51



22.

23.

24,

25.

26.

27.
28.

29.

30.

31.
32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Seigler, H.F., et al., Melanoma patient antibody responses to melanoma tumor-associated
antigens defined by murine monoclonal antibodies. ) Biol Response Mod, 1989. 8(1): p. 37-
52.

Galon, J., et al., Type, density, and location of immune cells within human colorectal tumors
predict clinical outcome. Science, 2006. 313(5795): p. 1960-4.

Mlecnik, B., et al., Biomolecular network reconstruction identifies T-cell homing factors
associated with survival in colorectal cancer. Gastroenterology, 2010. 138(4): p. 1429-40.
Hamid, O., et al., A prospective phase |l trial exploring the association between tumor
microenvironment biomarkers and clinical activity of ipilimumab in advanced melanoma. )
Transl Med, 2011. 9: p. 204.

Fridman, W.H., et al., The immune contexture in human tumours: impact on clinical outcome.
Nat Rev Cancer, 2012. 12(4): p. 298-306.

Genomic Classification of Cutaneous Melanoma. Cell, 2015. 161(7): p. 1681-96.

Blank, C.U., et al., CANCER IMMUNOLOGY. The "cancer immunogram". Science, 2016.
352(6286): p. 658-60.

Schatton, T., et al., Tumor-infiltrating lymphocytes and their significance in melanoma
prognosis. Methods Mol Biol, 2014. 1102: p. 287-324.

Chi, M. and A.Z. Dudek, Vaccine therapy for metastatic melanoma: systematic review and
meta-analysis of clinical trials. Melanoma Res, 2011. 21(3): p. 165-74.

Mocellin, S., et al., Part I: Vaccines for solid tumours. Lancet Oncol, 2004. 5(11): p. 681-9.
Amedei, A., D. Prisco, and D.E. MM, The use of cytokines and chemokines in the cancer
immunotherapy. Recent Pat Anticancer Drug Discov, 2013. 8(2): p. 126-42.

Nicholas, C. and G.B. Lesinski, Immunomodulatory cytokines as therapeutic agents for
melanoma. Immunotherapy, 2011. 3(5): p. 673-90.

Payne, K.K., H.D. Bear, and M.H. Manijili, Adoptive cellular therapy of cancer: exploring innate
and adaptive cellular crosstalk to improve anti-tumor efficacy. Future Oncol, 2014. 10(10): p.
1779-94.

Gilham, D.E., Effective adoptive T-cell therapy for cancer in the absence of host
lymphodepletion. Immunotherapy, 2011. 3(2): p. 177-9.

Wu, R., et al., Adoptive T-cell therapy using autologous tumor-infiltrating lymphocytes for
metastatic melanoma: current status and future outlook. Cancer J, 2012. 18(2): p. 160-75.
Rosenberg, S.A., et al., Durable complete responses in heavily pretreated patients with
metastatic melanoma using T-cell transfer immunotherapy. Clin Cancer Res, 2011. 17(13): p.
4550-7.

Restifo, N.P., M.E. Dudley, and S.A. Rosenberg, Adoptive immunotherapy for cancer:
harnessing the T cell response. Nat Rev Immunol, 2012. 12(4): p. 269-81.

Besser, M.J., et al., Adoptive transfer of tumor-infiltrating lymphocytes in patients with
metastatic melanoma: intent-to-treat analysis and efficacy after failure to prior
immunotherapies. Clin Cancer Res, 2013. 19(17): p. 4792-800.

Duong, C.P., et al., Cancer immunotherapy utilizing gene-modified T cells: From the bench to
the clinic. Mol Immunol, 2015. 67(2 Pt A): p. 46-57.

Rosenberg, S.A. and N.P. Restifo, Adoptive cell transfer as personalized immunotherapy for
human cancer. Science, 2015. 348(6230): p. 62-8.

Wilde, S., et al., Generation of allo-restricted peptide-specific T cells using RNA-pulsed
dendritic cells: A three phase experimental procedure. Oncoimmunology, 2012. 1(2): p. 129-
140.

Li, L.P., et al., Transgenic mice with a diverse human T cell antigen receptor repertoire. Nat
Med, 2010. 16(9): p. 1029-34.

Voss, R.H., et al., Coexpression of the T-cell receptor constant alpha domain triggers tumor
reactivity of single-chain TCR-transduced human T cells. Blood, 2010. 115(25): p. 5154-63.
Stone, J.D., et al., A novel T cell receptor single-chain signaling complex mediates antigen-
specific T cell activity and tumor control. Cancer Immunol Immunother, 2014. 63(11): p.
1163-76.

52



46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Beard, R.E., et al., Multiple chimeric antigen receptors successfully target chondroitin sulfate
proteoglycan 4 in several different cancer histologies and cancer stem cells. J Immunother
Cancer, 2014. 2: p. 25.
Krishnamurthy, J., et al., Genetic Engineering of T Cells to Target HERV-K, an Ancient
Retrovirus on Melanoma. Clin Cancer Res, 2015. 21(14): p. 3241-51.
Gargett, T. and M.P. Brown, The inducible caspase-9 suicide gene system as a "safety switch"
to limit on-target, off-tumor toxicities of chimeric antigen receptor T cells. Front Pharmacol,
2014.5: p. 235.
Wu, M.R., et al., DNAM-1-based chimeric antigen receptors enhance T cell effector function
and exhibit in vivo efficacy against melanoma. Cancer Immunol Immunother, 2015. 64(4): p.
409-18.
Song, D.G,, et al., A fully human chimeric antigen receptor with potent activity against cancer
cells but reduced risk for off-tumor toxicity. Oncotarget, 2015.
Greco, R., et al.,, Improving the safety of cell therapy with the TK-suicide gene. Front
Pharmacol, 2015. 6: p. 95.
Beatty, G.L. and E.K. Moon, Chimeric antigen receptor T cells are vulnerable to
immunosuppressive  mechanisms  present within the tumor microenvironment.
Oncoimmunology, 2014. 3(11): p. e970027.
Moon, E.K., et al., Multifactorial T-cell hypofunction that is reversible can limit the efficacy of
chimeric antigen receptor-transduced human T cells in solid tumors. Clin Cancer Res, 2014.
20(16): p. 4262-73.
Ankri, C., et al., Human T cells engineered to express a programmed death 1/28 costimulatory
retargeting molecule display enhanced antitumor activity. J Immunol, 2013. 191(8): p. 4121-
9.
Jensen, M.C. and S.R. Riddell, Designing chimeric antigen receptors to effectively and safely
target tumors. Curr Opin Immunol, 2015. 33: p. 9-15.
Kim, J.S., et al.,, Adoptive Cell Therapy of Melanoma with Cytokine-induced Killer Cells.
Immune Netw, 2015. 15(2): p. 58-65.
Besser, M.J., et al., Development of allogeneic NK cell adoptive transfer therapy in metastatic
melanoma patients: in vitro preclinical optimization studies. PLoS One, 2013. 8(3): p. e57922.
Gammaitoni, L., et al., Effective activity of cytokine-induced killer cells against autologous
metastatic melanoma including cells with stemness features. Clin Cancer Res, 2013. 19(16): p.
4347-58.
DeFrancesco, L., CAR-T cell therapy seeks strategies to harness cytokine storm. Nat
Biotechnol, 2014. 32(7): p. 604.
VanSeggelen, H., et al., T Cells Engineered With Chimeric Antigen Receptors Targeting NKG2D
Ligands Display Lethal Toxicity in Mice. Mol Ther, 2015.
Hombach, A.A., A. Holzinger, and H. Abken, The weal and woe of costimulation in the
adoptive therapy of cancer with chimeric antigen receptor (CAR)-redirected T cells. Curr Mol
Med, 2013. 13(7): p. 1079-88.
Hodi, F.S., et al., Improved survival with ipilimumab in patients with metastatic melanoma. N
Engl J Med, 2010. 363(8): p. 711-23.
Snyder, A., et al., Genetic basis for clinical response to CTLA-4 blockade in melanoma. N Engl )
Med, 2014. 371(23): p. 2189-99.
Van Allen, E.M., et al., Genomic correlates of response to CTLA-4 blockade in metastatic
melanoma. Science, 2015. 350(6257): p. 207-11.
Nancey, S., et al., Blockade of cytotoxic T-lymphocyte antigen-4 by ipilimumab is associated
with a profound long-lasting depletion of Foxp3+ regulatory T cells: a mechanistic
explanation for ipilimumab-induced severe enterocolitis? Inflamm Bowel Dis, 2012. 18(8): p.
E1598-600.
Romano, E., et al., Ipilimumab-dependent cell-mediated cytotoxicity of requlatory T cells ex
vivo by nonclassical monocytes in melanoma patients. Proc Natl Acad Sci U S A, 2015.
112(19): p. 6140-5.

53



67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Lebbe, C., et al., Survival follow-up and ipilimumab retreatment of patients with advanced
melanoma who received ipilimumab in prior phase Il studies. Ann Oncol, 2014. 25(11): p.
2277-84.
Shahabi, V., et al.,, Assessment of association between BRAF-V600E mutation status in
melanomas and clinical response to ipilimumab. Cancer Immunol Immunother, 2012. 61(5):
p. 733-7.
Weber, J.S., et al., Patterns of onset and resolution of immune-related adverse events of
special interest with ipilimumab: detailed safety analysis from a phase 3 trial in patients with
advanced melanoma. Cancer, 2013. 119(9): p. 1675-82.
Ahmad, S.S., et al., Ipilimumab in the real world: the UK expanded access programme
experience in previously treated advanced melanoma patients. Melanoma Res, 2015. 25(5):
p. 432-42.
McDermott, D., et al., Efficacy and safety of ipilimumab in metastatic melanoma patients
surviving more than 2 years following treatment in a phase Il trial (MDX010-20). Ann Oncol,
2013. 24(10): p. 2694-8.
Kelderman, S., et al., Lactate dehydrogenase as a selection criterion for ipilimumab treatment
in metastatic melanoma. Cancer Immunol Immunother, 2014. 63(5): p. 449-58.
Simeone, E., et al., Immunological and biological changes during ipilimumab treatment and
their potential correlation with clinical response and survival in patients with advanced
melanoma. Cancer Immunol Immunother, 2014. 63(7): p. 675-83.
Wong, R.M., et al.,, Programmed death-1 blockade enhances expansion and functional
capacity of human melanoma antigen-specific CTLs. Int Immunol, 2007. 19(10): p. 1223-34.
Kleffel, S., et al., Melanoma Cell-Intrinsic PD-1 Receptor Functions Promote Tumor Growth.
Cell, 2015. 162(6): p. 1242-56.
Robert, C., et al., Nivolumab in previously untreated melanoma without BRAF mutation. N
Engl J Med, 2015. 372(4): p. 320-30.
Weber, J.S., et al., Nivolumab versus chemotherapy in patients with advanced melanoma who
progressed after anti-CTLA-4 treatment (CheckMate 037): a randomised, controlled, open-
label, phase 3 trial. Lancet Oncol, 2015. 16(4): p. 375-84.
Ribas, A., et al., Pembrolizumab versus investigator-choice chemotherapy for ipilimumab-
refractory melanoma (KEYNOTE-002): a randomised, controlled, phase 2 trial. Lancet Oncol,
2015. 16(8): p. 908-18.
Robert, C., et al., Pembrolizumab versus Ipilimumab in Advanced Melanoma. N Engl J Med,
2015. 372(26): p. 2521-32.
Loo, D., et al., Development of an Fc-enhanced anti-B7-H3 monoclonal antibody with potent
antitumor activity. Clin Cancer Res, 2012. 18(14): p. 3834-45.
Hemon, P., et al., MHC class Il engagement by its ligand LAG-3 (CD223) contributes to
melanoma resistance to apoptosis. ) Immunol, 2011. 186(9): p. 5173-83.
Curti, B.D., et al., OX40 is a potent immune-stimulating target in late-stage cancer patients.
Cancer Res, 2013. 73(24): p. 7189-98.
Li, S.Y. and Y. Liu, Immunotherapy of melanoma with the immune costimulatory monoclonal
antibodies targeting CD137. Clin Pharmacol, 2013. 5(Suppl 1): p. 47-53.
Hernandez-Chacon, J.A., et al., Costimulation through the CD137/4-1BB pathway protects
human melanoma tumor-infiltrating lymphocytes from activation-induced cell death and
enhances antitumor effector function. ) Immunother, 2011. 34(3): p. 236-50.
Yonezawa, A., et al., Boosting Cancer Immunotherapy with Anti-CD137 Antibody Therapy. Clin
Cancer Res, 2015. 21(14): p. 3113-20.
Roberts, D.J., et al., Control of established melanoma by CD27 stimulation is associated with
enhanced effector function and persistence, and reduced PD-1 expression of tumor infiltrating
CD8(+) T cells. ) Immunother, 2010. 33(8): p. 769-79.
Pepe, C.A,, et al., The vast majority of lymphocytes infiltrating primary cutaneous melanoma
express the CD27 costimulatory receptor: implications for melanoma progression. Eur |
Dermatol, 2011. 21(2): p. 178-83.

54



88.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.

110.

111.

Song, D.G., et al., CD27 costimulation augments the survival and antitumor activity of
redirected human T cells in vivo. Blood, 2012. 119(3): p. 696-706.
Zhu, L.X.,, et al., GITR agonist enhances vaccination responses in lung cancer.
Oncoimmunology, 2015. 4(4): p. €992237.
Lee, G.H., et al., The role of CD40 expression in dendritic cells in cancer biology; a systematic
review. Curr Cancer Drug Targets, 2014. 14(7): p. 610-20.
Richard, A.C,, et al., The TNF-family cytokine TL1A: from lymphocyte costimulator to disease
co-conspirator. J Leukoc Biol, 2015.
Schaer, D.A., J.T. Murphy, and J.D. Wolchok, Modulation of GITR for cancer immunotherapy.
Curr Opin Immunol, 2012. 24(2): p. 217-24.
Vinay, D.S. and B.S. Kwon, Immunotherapy of cancer with 4-1BB. Mol Cancer Ther, 2012.
11(5): p. 1062-70.
Shibahara, |., et al., OX40 ligand expressed in glioblastoma modulates adaptive immunity
depending on the microenvironment: a clue for successful immunotherapy. Mol Cancer, 2015.
14: p. 41.
Jacobs, J., et al., CD70: An emerging target in cancer immunotherapy. Pharmacol Ther, 2015.
Zhao, R., et al., HHLA2 is a member of the B7 family and inhibits human CD4 and CD8 T-cell
function. Proc Natl Acad Sci U S A, 2013. 110(24): p. 9879-84.
Aspord, C., et al., Plasmacytoid dendritic cells support melanoma progression by promoting
Th2 and regulatory immunity through OX40L and ICOSL. Cancer Immunol Res, 2013. 1(6): p.
402-15.
Tirapu, I., et al., Low surface expression of B7-1 (CD80) is an immunoescape mechanism of
colon carcinoma. Cancer Res, 2006. 66(4): p. 2442-50.
Ray, A., et al.,, Targeting PD1-PDL1 immune checkpoint in plasmacytoid dendritic cell
interactions with T cells, natural killer cells and multiple myeloma cells. Leukemia, 2015.
29(6): p. 1441-4.
Zhang, Y., et al., Regulation of T cell activation and tolerance by PDL2. Proc Natl Acad Sci U S
A, 2006. 103(31): p. 11695-700.
Swanson, R.M., et al., Butyrophilin-like 2 modulates B7 costimulation to induce Foxp3
expression and regulatory T cell development in mature T cells. J Immunol, 2013. 190(5): p.
2027-35.
Zhang, W., et al., B7-H3 silencing by RNAi inhibits tumor progression and enhances
chemosensitivity in U937 cells. Onco Targets Ther, 2015. 8: p. 1721-33.
Leong, S.R., et al., An anti-B7-H4 antibody-drug conjugate for the treatment of breast cancer.
Mol Pharm, 2015. 12(6): p. 1717-29.
Yamazaki, T., et al.,, A butyrophilin family member critically inhibits T cell activation. )
Immunol, 2010. 185(10): p. 5907-14.
Boles, N.C., et al., CD48 on hematopoietic progenitors regulates stem cells and suppresses
tumor formation. Blood, 2011. 118(1): p. 80-7.
Hokuto, D., et al., Clinical impact of herpesvirus entry mediator expression in human
hepatocellular carcinoma. Eur J Cancer, 2015. 51(2): p. 157-65.
Macauley, M.S., P.R. Crocker, and J.C. Paulson, Siglec-mediated regulation of immune cell
function in disease. Nat Rev Immunol, 2014. 14(10): p. 653-66.
Liu, G.Y., et al., Enhanced growth suppression of TERT-positive tumor cells by oncolytic
adenovirus armed with CCL20 and CD40L. Int Immunopharmacol, 2015. 28(1): p. 487-493.
Lambracht-Washington, D. and R.N. Rosenberg, Co-stimulation with TNF receptor
superfamily 4/25 antibodies enhances in-vivo expansion of CD4+CD25+Foxp3+ T cells (Tregs)
in a mouse study for active DNA Abeta42 immunotherapy. ) Neuroimmunol, 2015. 278: p. 90-
9.
Yu, N., et al., Synergistic antitumor responses by combined GITR activation and sunitinib in
metastatic renal cell carcinoma. Int J Cancer, 2015.
Bartkowiak, T. and M.A. Curran, 4-1BB Agonists: Multi-Potent Potentiators of Tumor
Immunity. Front Oncol, 2015. 5: p. 117.

55



112.

113.

114.

115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

Buchan, S.L., et al.,, OX40- and CD27-mediated costimulation synergizes with anti-PD-L1
blockade by forcing exhausted CD8+ T cells to exit quiescence. J Immunol, 2015. 194(1): p.
125-33.

van de Ven, K. and J. Borst, Targeting the T-cell co-stimulatory CD27/CD70 pathway in cancer
immunotherapy: rationale and potential. Immunotherapy, 2015. 7(6): p. 655-67.

Xiao, Y. and G.. Freeman, A New B7:CD28 Family Checkpoint Target for Cancer
Immunotherapy: HHLA2. Clin Cancer Res, 2015. 21(10): p. 2201-3.

Fu, T., Q. He, and P. Sharma, The ICOS/ICOSL pathway is required for optimal antitumor
responses mediated by anti-CTLA-4 therapy. Cancer Res, 2011. 71(16): p. 5445-54.

Leung, J. and W.K. Suh, The CD28-B7 Family in Anti-Tumor Immunity: Emerging Concepts in
Cancer Immunotherapy. Immune Netw, 2014. 14(6): p. 265-76.

Kanodia, S., et al., Expression of LIGHT/TNFSF14 combined with vaccination against human
papillomavirus Type 16 E7 induces significant tumor regression. Cancer Res, 2010. 70(10): p.
3955-64.

Nguyen, L.T. and P.S. Ohashi, Clinical blockade of PD1 and LAG3--potential mechanisms of
action. Nat Rev Immunol, 2015. 15(1): p. 45-56.

Altvater, B., et al., 2B4 (CD244) signaling by recombinant antigen-specific chimeric receptors
costimulates natural killer cell activation to leukemia and neuroblastoma cells. Clin Cancer
Res, 2009. 15(15): p. 4857-66.

Sakuishi, K., et al., Emerging Tim-3 functions in antimicrobial and tumor immunity. Trends
Immunol, 2011. 32(8): p. 345-9.

Gertner-Dardenne, J., C. Fauriat, and D. Olive, BTLA, a key regulator of Vgamma9Vdelta2 T-
cell proliferation. Oncoimmunology, 2013. 2(9): p. e25853.

Cai, G. and G.J. Freeman, The CD160, BTLA, LIGHT/HVEM pathway: a bidirectional switch
regulating T-cell activation. Immunol Rev, 2009. 229(1): p. 244-58.

Abeler-Dorner, L., et al., Butyrophilins: an emerging family of immune regulators. Trends
Immunol, 2012. 33(1): p. 34-41.

Carlsten, M., et al., Primary human tumor cells expressing CD155 impair tumor targeting by
down-regulating DNAM-1 on NK cells. J Immunol, 2009. 183(8): p. 4921-30.

Lines, J.L., et al., VISTA is a novel broad-spectrum negative checkpoint regulator for cancer
immunotherapy. Cancer Immunol Res, 2014. 2(6): p. 510-7.

Postow, M.A,, et al., Nivolumab and ipilimumab versus ipilimumab in untreated melanoma. N
EnglJ Med, 2015. 372(21): p. 2006-17.

Larkin, J., et al., Combined Nivolumab and Ipilimumab or Monotherapy in Untreated
Melanoma. N Engl ) Med, 2015. 373(1): p. 23-34.

Kroemer, G. and L. Galluzzi, Combinatorial immunotherapy with checkpoint blockers solves
the problem of metastatic melanoma-An exclamation sign with a question mark.
Oncoimmunology, 2015. 4(7): p. e1058037.

Weber, J.S., et al., Safety, efficacy, and biomarkers of nivolumab with vaccine in ipilimumab-
refractory or -naive melanoma. J Clin Oncol, 2013. 31(34): p. 4311-8.

Hugo, W., et al., Non-genomic and Immune Evolution of Melanoma Acquiring MAPKi
Resistance. Cell, 2015. 162(6): p. 1271-85.

Nefedova, Y., et al., Mechanism of all-trans retinoic acid effect on tumor-associated myeloid-
derived suppressor cells. Cancer Res, 2007. 67(22): p. 11021-8.

Kusmartsev, S., et al., All-trans-retinoic acid eliminates immature myeloid cells from tumor-
bearing mice and improves the effect of vaccination. Cancer Res, 2003. 63(15): p. 4441-9.
Ribas, A., et al., Hepatotoxicity with combination of vemurafenib and ipilimumab. N Engl J
Med, 2013. 368(14): p. 1365-6.

Eggermont, A.M., et al., Prolonged Survival in Stage Ill Melanoma with Ipilimumab Adjuvant
Therapy. N Engl J Med, 2016. 375(19): p. 1845-1855.

Eggermont, A.M., V. Chiarion-Sileni, and J.J. Grob, Correction to Lancet Oncol 2015; 16: 522-
30. Adjuvant ipilimumab versus placebo after complete resection of high-risk stage Il

56



136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

146.

147.

148.

149.

150.

151.

152.

153.

154.

melanoma (EORTC 18071): a randomised, double-blind, phase 3 trial. Lancet Oncol, 2015.
16(6): p. e262.

Eggermont, A.M., et al., Adjuvant ipilimumab versus placebo after complete resection of high-
risk stage Ill melanoma (EORTC 18071): a randomised, double-blind, phase 3 trial. Lancet
Oncol, 2015. 16(5): p. 522-30.

C. Blank, A.v.A., E.A. Rozeman, P. Kvistborg, H.V. van Thienen, B. Stegenga, B. Lamon, J.B.A.G.
Haanen, T. Schumacher, (Neo-)adjuvant ipilimumab + nivolumab (IPl + NIVO) in palpable
stage 3 melanoma — initial data from the OpACIN trial. Ann Oncol (2016) 27 (suppl_6):
LBA39, 2016.

Emens, L.A., It's TIME for a biomarker-driven approach to cancer immunotherapy. )
Immunother Cancer, 2016. 4: p. 43.

Valpione, S., et al., Personalised medicine: Development and external validation of a
prognostic model for metastatic melanoma patients treated with ipilimumab. Eur ) Cancer,
2015.

Wilgenhof, S., et al., Single-center experience with ipilimumab in an expanded access
program for patients with pretreated advanced melanoma. J Immunother, 2013. 36(3): p.
215-22.

Ferrucci, P.F., et al.,, Baseline neutrophils and derived neutrophil-to-lymphocyte ratio:
prognostic relevance in metastatic melanoma patients receiving ipilimumab. Ann Oncol,
2016. 27(4): p. 732-8.

Xi, L., et al., Circulating Tumor DNA as an Early Indicator of Response to T-cell Transfer
Immunotherapy in Metastatic Melanoma. Clin Cancer Res, 2016.

Sabel, M.S., et al., Morphomics predicts response to ipilimumab in patients with stage IV
melanoma. J Surg Oncol, 2015.

Page, D.B., et al.,, Deep Sequencing of T-cell Receptor DNA as a Biomarker of Clonally
Expanded TiLs in Breast Cancer after Immunotherapy. Cancer Immunol Res, 2016. 4(10): p.
835-844.

McNeel, D.G., TCR diversity - a universal cancer immunotherapy biomarker? ) Immunother
Cancer, 2016. 4: p. 69.

Patel, S.P. and R. Kurzrock, PD-L1 Expression as a Predictive Biomarker in Cancer
Immunotherapy. Mol Cancer Ther, 2015. 14(4): p. 847-56.

Berman, D., et al., Blockade of cytotoxic T-lymphocyte antigen-4 by ipilimumab results in
dysregulation of gastrointestinal immunity in patients with advanced melanoma. Cancer
Immun, 2010. 10: p. 11.

Martens, A., et al., Baseline peripheral blood biomarkers associated with clinical outcome of
advanced melanoma patients treated with ipilimumab. Clin Cancer Res, 2016.

McCoy, J.L., et al., Inhibition of leukocyte migration by tumor-associated antigens in soluble
extracts of human malignant melanoma. J Natl Cancer Inst, 1975. 55(1): p. 19-23.

Fang, S., et al., C-reactive protein as a marker of melanoma progression. J Clin Oncol, 2015.
33(12): p. 1389-96.

Liao, S.K., et al.,, Enhanced expression of melanoma-associated antigens and beta 2-
microglobulin on cultured human melanoma cells by interferon. J Natl Cancer Inst, 1982.
68(1): p. 19-25.

Malley, A., et al., Association of melanoma tumor antigen activity with beta2-microglobulin.
Cancer Res, 1979. 39(2 Pt 2): p. 619-23.

Agostino, N.M., et al., A prospective evaluation of the role of Vascular Endothelial Growth
Factor (VEGF) and the immune system in stage Ill/IV melanoma. Springerplus, 2015. 4: p.
186.

Keilholz, U., et al., Prognostic factors for survival and factors associated with long-term
remission in patients with advanced melanoma receiving cytokine-based treatments: second
analysis of a randomised EORTC Melanoma Group trial comparing interferon-alpha2a
(IFNalpha) and interleukin 2 (IL-2) with or without cisplatin. Eur J Cancer, 2002. 38(11): p.
1501-11.

57



155.

156.

157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

168.

169.

170.

171.

172.

173.

174.

175.

176.

Hoejberg, L., et al., Serum interleukin-6 as a prognostic biomarker in patients with metastatic
melanoma. Melanoma Res, 2012. 22(4): p. 287-93.
B, E., Estimating the error rate of a prediction rule: improvement on cross-validation. Journal
of the American Statistical Association, 1983. 78 (382): p. 316-331.
Smith, G.C., et al., Correcting for optimistic prediction in small data sets. Am J Epidemiol,
2014. 180(3): p. 318-24.
Schmidt, H., et al., Pretreatment levels of peripheral neutrophils and leukocytes as
independent predictors of overall survival in patients with American Joint Committee on
Cancer Stage IV Melanoma: results of the EORTC 18951 Biochemotherapy Trial. J Clin Oncol,
2007.25(12): p. 1562-9.
Barzey, V., et al., Ipilimumab in 2nd line treatment of patients with advanced melanoma: a
cost-effectiveness analysis. ) Med Econ, 2013. 16(2): p. 202-12.
Joensuu, H., Predicting recurrence-free survival after surgery for GIST. Lancet Oncol, 2009.
10(11): p. 1025.
Saenger, Y.M. and J.D. Wolchok, The heterogeneity of the kinetics of response to ipilimumab
in metastatic melanoma: patient cases. Cancer Immun, 2008. 8: p. 1.
Schmidt, H., et al.,, Elevated neutrophil and monocyte counts in peripheral blood are
associated with poor survival in patients with metastatic melanoma: a prognostic model. Br )
Cancer, 2005. 93(3): p. 273-8.
Negrier, S., et al., Prognostic factors of survival and rapid progression in 782 patients with
metastatic renal carcinomas treated by cytokines: a report from the Groupe Francais
d'Immunotherapie. Ann Oncol, 2002. 13(9): p. 1460-8.
Atzpodien, J., et al., Metastatic renal carcinoma comprehensive prognostic system. Br J
Cancer, 2003. 88(3): p. 348-53.
Petrulio, C.A.,, S. Kim-Schulze, and H.L. Kaufman, The tumour microenvironment and
implications for cancer immunotherapy. Expert Opin Biol Ther, 2006. 6(7): p. 671-84.
Vasievich, E.A. and L. Huang, The suppressive tumor microenvironment: a challenge in cancer
immunotherapy. Mol Pharm, 2011. 8(3): p. 635-41.
Andrew, P.J., H. Harant, and L.J. Lindley, Nitric oxide regulates IL-8 expression in melanoma
cells at the transcriptional level. Biochem Biophys Res Commun, 1995. 214(3): p. 949-56.
Schadendorf, et al., IL-8 produced by human malignant melanoma cells in vitro is an essential
autocrine growth factor. J Immunol, 1994. 153(7): p. 3360.
Norgauer, J., B. Metzner, and I. Schraufstatter, Expression and growth-promoting function of
the IL-8 receptor beta in human melanoma cells. J Immunol, 1996. 156(3): p. 1132-37.
Shamamian, P., et al., Activation of progelatinase A (MMP-2) by neutrophil elastase,
cathepsin G, and proteinase-3: a role for inflammatory cells in tumor invasion and
angiogenesis. ) Cell Physiol, 2001. 189(2): p. 197-206.
Gruss, C.J., et al., Stroma formation and angiogenesis by overexpression of growth factors,
cytokines, and proteolytic enzymes in human skin grafted to SCID mice. J Invest Dermatol,
2003. 120(4): p. 683-92.
Green, S.P., A. Chuntharapai, and J.T. Curnutte, Interleukin-8 (IL-8), melanoma growth-
stimulatory activity, and neutrophil-activating peptide selectively mediate priming of the
neutrophil NADPH oxidase through the type A or type B IL-8 receptor. ) Biol Chem, 1996.
271(41): p. 25400-5.
Weide, B., et al., Serum markers lactate dehydrogenase and S100B predict independently
disease outcome in melanoma patients with distant metastasis. Br ) Cancer, 2012. 107(3): p.
422-8.
Balch, C.M., et al., Final version of 2009 AJCC melanoma staging and classification. J Clin
Oncol, 2009. 27(36): p. 6199-206.
Robert, C., et al., Improved overall survival in melanoma with combined dabrafenib and
trametinib. N Engl J Med, 2015. 372(1): p. 30-9.
Topalian, S.L., et al., Survival, durable tumor remission, and long-term safety in patients with
advanced melanoma receiving nivolumab. J Clin Oncol, 2014. 32(10): p. 1020-30.

58



177.

178.

179.

180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

191.

192.

193.

194.

195.

196.

197.

Chapman, P.B., et al., Improved survival with vemurafenib in melanoma with BRAF V600E
mutation. N Engl J Med, 2011. 364(26): p. 2507-16.
Robert, C., et al., Anti-programmed-death-receptor-1 treatment with pembrolizumab in
ipilimumab-refractory advanced melanoma: a randomised dose-comparison cohort of a
phase 1 trial. Lancet, 2014. 384(9948): p. 1109-17.
Hauschild, A., et al., Dabrafenib in BRAF-mutated metastatic melanoma: a multicentre, open-
label, phase 3 randomised controlled trial. Lancet, 2012. 380(9839): p. 358-65.
Tivol, E.A., et al., Loss of CTLA-4 leads to massive lymphoproliferation and fatal multiorgan
tissue destruction, revealing a critical negative requlatory role of CTLA-4. Immunity, 1995.
3(5): p. 541-7.
Schubert, D., et al., Autosomal dominant immune dysregulation syndrome in humans with
CTLA4 mutations. Nat Med, 2014. 20(12): p. 1410-6.
Iwama, S., et al., Pituitary expression of CTLA-4 mediates hypophysitis secondary to
administration of CTLA-4 blocking antibody. Sci Transl Med, 2014. 6(230): p. 230ra45.
Kapadia, D. and L. Fong, CTLA-4 blockade: autoimmunity as treatment. J Clin Oncol, 2005.
23(35): p. 8926-8.
Arondekar, B., et al., Economic burden associated with adverse events in patients with
metastatic melanoma. ) Manag Care Spec Pharm, 2015. 21(2): p. 158-64.
Di Giacomo AM, G.A., Ascierto PA, Queirolo P, Del Vecchio M, Ridolfi R, De Rosa F, De Galitiis
F, Testori A, Cognetti F, Bernengo MG, Savoia P, Guida M, Strippoli S, Galli L, Mandala M,
Parmiani G, Rinaldi G, Aglietta M and Chiarion-Sileni V, Correlation between efficacy and
toxicity in pts with pretreated advanced melanoma treated within the Italian cohort of the
ipilimumab expanded access programme (EAP). ) Clin Oncol (Meeting Abstracts) 2013
31(15_suppl 9065).
Freeman-Keller, M., et al., Nivolumab in Resected and Unresectable Metastatic Melanoma:
Characteristics of Immune-Related Adverse Events and Association with Outcomes. Clin
Cancer Res, 2015.
Wolf, J., S. Rose-John, and C. Garbers, Interleukin-6 and its receptors: a highly reqgulated and
dynamic system. Cytokine, 2014. 70(1): p. 11-20.
Bharti, R., G. Dey, and M. Mandal, Cancer development, chemoresistance, epithelial to
mesenchymal transition and stem cells: A snapshot of IL-6 mediated involvement. Cancer
Lett, 2016.
Valpione, S., et al., Personalised medicine: Development and external validation of a
prognostic model for metastatic melanoma patients treated with ipilimumab. Eur J Cancer,
2015. 51(14): p. 2086-94.
Patel, S.A. and N.J. Gooderham, /L6 Mediates Immune and Colorectal Cancer Cell Cross-talk
via miR-21 and miR-29b. Mol Cancer Res, 2015. 13(11): p. 1502-8.
Zelenay, S., et al., Cyclooxygenase-Dependent Tumor Growth through Evasion of Immunity.
Cell, 2015. 162(6): p. 1257-70.
Zou, M., X. Zhang, and C. Xu, /IL6-induced metastasis modulators p-STAT3, MMP-2 and MMP-
9 are targets of 3,3'-diindolylmethane in ovarian cancer cells. Cell Oncol (Dordr), 2016. 39(1):
p. 47-57.
Sansone, P., et al., Self-renewal of CD133(hi) cells by IL6/Notch3 signalling regulates
endocrine resistance in metastatic breast cancer. Nat Commun, 2016. 7: p. 10442.
Kim, T. and D.S. Lim, The SRF-YAP-IL6 axis promotes breast cancer stemness. Cell Cycle, 2016.
15(10): p. 1311-2.
Kim, M.S., et al., Induction of metastatic potential by TrkB via activation of IL6/JAK2/STAT3
and PI3K/AKT signaling in breast cancer. Oncotarget, 2015. 6(37): p. 40158-71.
Roth, I., et al.,, The Deltal33p53 isoform and its mouse analogue Deltal22p53 promote
invasion and metastasis involving pro-inflammatory molecules interleukin-6 and CCL2.
Oncogene, 2016.
Magnus, K., Prognosis in malignant melanoma of the skin. Significance of stage of disease,
anatomical site, sex, age and period of diagnosis. Cancer, 1977. 40(1): p. 389-97.

59



198. Oliveira, C., et al., Polymorphisms in apoptosis-related genes in cutaneous melanoma
prognosis: sex disparity. Med Oncol, 2017. 34(2): p. 19.

199. Cutolo, M., et al., Sex hormones influence on the immune system: basic and clinical aspects in
autoimmunity. Lupus, 2004. 13(9): p. 635-8.

200. Ernstoff, M.S., Self-recognition and tumor response to immunotherapy. ) Clin Oncol, 2005.
23(25): p. 5875-7.

201. Bender, C,, et al., Safety of the PD-1 antibody Pembrolizumab in Patients with High Grade
Adverse Events under Ipilimumab Treatment. Ann Oncol, 2016.

202. Buque, A., et al., Trial Watch: Immunomodulatory monoclonal antibodies for oncological
indications. Oncoimmunology, 2015. 4(4): p. e1008814.

203. Larkin, J., F.S. Hodi, and J.D. Wolchok, Combined Nivolumab and Ipilimumab or Monotherapy
in Untreated Melanoma. N Engl J Med, 2015. 373(13): p. 1270-1.

204. Eggermont, A.M,, et al., Prolonged Survival in Stage Ill Melanoma with Ipilimumab Adjuvant
Therapy. N Engl ) Med, 2016.

205.  Robert, L., et al., Distinct immunological mechanisms of CTLA-4 and PD-1 blockade revealed
by analyzing TCR usage in blood lymphocytes. Oncoimmunology, 2014. 3: p. 29244,

206. Ma, C., et al., Multifunctional T-cell analyses to study response and progression in adoptive
cell transfer immunotherapy. Cancer Discov, 2013. 3(4): p. 418-29.

207. Keane, C., et al., CD4(+) tumor infiltrating lymphocytes are prognostic and independent of R-
IPI in patients with DLBCL receiving R-CHOP chemo-immunotherapy. Am J Hematol, 2013.
88(4): p. 273-6.

208. Turksma, A.W., et al., Extent and Location of Tumor-Infiltrating Lymphocytes in
Microsatellite-Stable Colon Cancer Predict Outcome to Adjuvant Active Specific
Immunotherapy. Clin Cancer Res, 2016. 22(2): p. 346-56.

209. Zaretsky, J.M., et al., Mutations Associated with Acquired Resistance to PD-1 Blockade in
Melanoma. N Engl ] Med, 2016. 375(9): p. 819-29.

210.  Shin, D.S., et al., Primary Resistance to PD-1 Blockade Mediated by JAK1/2 Mutations. Cancer
Discov, 2016.

211. Girotti, M.R., et al.,, Application of Sequencing, Liquid Biopsies, and Patient-Derived
Xenografts for Personalized Medicine in Melanoma. Cancer Discov, 2016. 6(3): p. 286-99.

212. Gremel, G,, et al., Distinct subclonal tumour responses to therapy revealed by circulating cell-
free DNA. Ann Oncol, 2016. 27(10): p. 1959-65.

213.  Snyder, M.W,, et al., Cell-free DNA Comprises an In Vivo Nucleosome Footprint that Informs
Its Tissues-Of-Origin. Cell, 2016. 164(1-2): p. 57-68.

214.  Warton, K. and G. Samimi, Methylation of cell-free circulating DNA in the diagnosis of cancer.
Front Mol Biosci, 2015. 2: p. 13.

215.  Chi, K.R., The tumour trail left in blood. Nature, 2016. 532(7598): p. 269-71.

216. Caetano, M.S,, et al., IL6 Blockade Reprograms the Lung Tumor Microenvironment to Limit
the Development and Progression of K-ras-Mutant Lung Cancer. Cancer Res, 2016. 76(11): p.
3189-99.

Acknowledgements

I owe a debt of gratitude to a couple of persons for the infinite patience demonstrated in the
last couple of months: you know who you are. My husband Luca earned a special mention for
his support that exceeds the present project context.

This thesis would have never been possible without the guidance of senior colleagues and the
generosity of patients who participated to the study.

60



