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Abstract

Advanced melanoma is an aggressive tumor that is difficult to treat. Yet new
immunotherapeutic strategies are dramatically improving clinical outcomes.
Especially Dendritic Cell (DC) vaccination shows promising outcomes at relative
low cost when compared to Adoptive Cell Therapy (ACT) and immune checkpoint
inhibition. However, not all patients respond to immunotherapy equally and
the costly treatments can cause severe toxicities. Therefore, identification
of predictive biomarkers to enable selection of patients that are eligible for
immunotherapies is of utmost importance in order to improve treatment efficacy
and reduce overall cost as well as toxicities. Focus of current investigations lies
on the composition of the tumor microenvironment, as an immune-active tumor
microenvironment seems to be beneficial for the effect of immunotherapy. Here,
we review immunotherapies in melanoma with focus on immune checkpoint
inhibition and DC vaccination. Our objective is to give an overview on the recent
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state of predictive biomarkers for immunotherapy in melanoma.
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Introduction

Two emerging hallmarks of cancer, ‘tumor-promoting
inflammation’ and ‘avoiding immune destruction’, have been
described in a landmark review by Hannah and Weinberg in 2011
[1]. Now it is widely accepted that inflammatory and immune cells
can promote cancer outgrowth but can also repress tumor growth
[2-4]. This dual role of immunity on tumorigenesis is referred to as
cancer immunoediting, a dynamic process consisting of three phases:
elimination, equilibrium, and escape [3,5].

Elimination of a developing tumor occurs when molecules and
cells of the innate and adaptive immunity identify transformed
cells and destroy them on the basis of their expression of Tumor-
Specific Antigens (TSAs). This process is also referred to as cancer
immunosurveillance [3]. However, the tumor might not always be
completely eliminated, can then become dormant and enter into an
equilibrium phase where net tumor outgrowth is controlled by the
immune system [3]. Finally, tumor cells might be able to progress
into the escape phase by immune suppressive effects or when

transformed cells acquire adaptations that allow them to grow in
an immunologically unrestricted manner [3,6]. The major cellular
mediators in immunosurveillance are CD8* cytotoxic T-cells and
CD4" T helper cells, next to Dendritic Cells (DCs). In a series of
stepwise events, called the cancer-immunity cycle, first neoantigens
produced by the cancer cells are recognized by DCs. Next, DCs
present the captured antigens on Major Histocompatibility Complex
(MHC) molecules to CD8* T-cells, leading to T-cell activation and
production of apoptosis-inducing molecules or cytotoxic granules.
Full T-cell activation requires also a co-stimulatory signal of the
T-Cell Receptor (TCR) CD28molecule from B7.1 (CD80) or B7.2
(CD86) on the Antigen-Presenting Cell (APC) [7-9]. CD4* Th1 cells
can provide help to the CD8" T-cells [10]. Both, CD8" T-cells and
CD4* Thl cells, restrain carcinogenesis by producing interferon
(IFN)-y and cytotoxins [11].

Nevertheless, tumor cells can develop mechanisms to escape the
immune control. One is the inactivation of once activated T-cells
[2, 3]. The two best known pathways of T-cell inactivation are the
expression of the Cytotoxic T-Lymphocyte Associated Antigen-4
(CTLA-4) receptor on the surface of a T-cell which transducts
inhibitory signals from the APC to the T-cell nucleus, and the
expression of the Programmed Cell Death 1 (PD-1) receptor on
the T-cell surface which may lead to inactivation of the T-cell after
binding to its ligands (PD-L1 and PD-L2) on tumor tissue [12]. These
are also called immune checkpoints. Secondly, tumors can escape
immune control due to immunosuppression by suppressive cells
in the Tumor Microenvironment (TME), such as Myeloid-Derived
Suppressor Cells (MDSC) or regulatory T-cells (Treg) that produce
immunosuppressive molecules [13,14].

With our increasing understanding of cancer immunoediting
and increasing knowledge about the tumor microenvironment, new
strategies are developed to use the power of immunity for protection
against cancer development or cancer progression. The development
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of cancer immunotherapy has reached an important milestone.
Overall survival in patients with advanced metastatic disease has been
improved, and - in contrast to targeted cancer therapies - durable
monotherapy responses are being reported for different cancer types
with several different agents [15-20]. Melanoma is a very aggressive
tumor with about 132,000 diagnoses globally each year [21]. Patients
are diagnosed with melanoma at the median age of 64 years for men
and 57 years for women [22]. Albeit 84% of melanomas are diagnosed
in the early stage and are mostly curable, the more advanced stages are
still a challenge [22]. Patients with localized melanoma have a 5-year
survival of 98.3%, whereas survival rates are radically declining in
regional and distant stage disease to 62.4% and 16%, respectively [22].
The median survival duration of patients with metastatic melanoma
is poor with only6 to 9 months [23]. Targeted therapies (e.g. BRAF
inhibitors) were widely used as first-line treatment of advanced
melanoma, but have the drawback that, in most cases, patients will
develop resistance [24]. With the emergence of immunotherapy, a
shift towards immunotherapy as first-line treatment for advanced
melanoma is now observed, since they provide durable tumor control
and long-term survival benefits [24].

Here, we review the most successful immunotherapies in
melanoma. These include adoptive T-cell therapy, immune
checkpoint inhibitors, and cancer vaccines. Our major focus is to
describe the current knowledge on predictive biomarkers, which are
markers that predict the clinical effect of a specific treatment. They are
needed to improve treatment outcomes and to better select patients
for these often expensive or laborious treatments to minimize the
high costs [25] of immunotherapies.

Immunotherapies in Melanoma

Amongst the most successful strategies of immunotherapy in
melanoma are adoptive cell therapy, immune checkpoint inhibitors,
and cancer vaccines. The mechanisms, clinical efficacy, and known
predictive biomarkers of these approaches are discussed, with
emphasis on checkpoint inhibitors and dendritic cell vaccination,
which are the most recent and successful developments in
immunotherapy in melanoma.

Adoptive Cell Therapy

In the Adoptive Cellular Immunotherapy (ACT), autologous
or allogeneic tumor-reactive T-cells are administered to patients,
which have the ability to mediate cancer regression. For the cell
preparation, lymphocytes with high affinity for tumor antigens
are isolated, selected ex vivo, stimulated in vitro, and expanded to
achieve sufficient number to eliminate important tumor masses in
the patient. In vitro activation allows escape from inhibitory factors
that exist in vivo [26]. Inmunosuppression by lymphocyte-depleting
chemotherapy is performed immediately before T-cell infusion to
provide a favorable microenvironment for antitumor immunity [26].
Once the cells are administered, they can proliferate and maintain
their antitumor effector functions [26].

Promising results have been shown in melanoma patients,
where 49-72% of the patients respond to autologous ACT treatment,
depending on the dose of lymph depletion, and 22% show complete
tumor regression [27,28]. Since some tumors in this study were
rendered inoperable, this approach can be attractive for treatment

of tumors that cannot be removed surgically. Nevertheless, the poor
outcome of ACT trials in other solid cancers and some limitations of
ACT, such as the inability to expand autologous antitumor T-cells,
have led to the development of genetic modification of T-cells with
either a T-Cell Receptor (TCR) or a Chimeric Antigen Receptor
(CAR) [26, 29].

The costs of the preparation vary wildly depending on patient
characteristics, the protocol used, and the efficiency of the processing
lab and are thus difficult to define. However, the cell generation costs
including release testing are estimated around $25,000 to $40,000
per patient [30,31], but additional medical costs such as lymph
depletion and treatment of adverse events can inflate the total costs to
approximately $90,000 to $100,000per patient [32].

Potential safety risks associated with ACT are on-target off-tumor
and off-target activity toxicities, and cytokine-release syndromes,
although these are uncommon [33,34]. On-target off-tumor
activity occurs when the antigen target is not tumor-specific but
also present on nonmalignant cells. In melanoma patients this can
result in adverse events such as vitiligo, uveitis or hearing loss when
patients are treated with T cells targeting melanocytic differentiation
antigens [33,34]. Off-target reactivity can occur as cross-reactivity
against peptides in proteins other than the targeted ones, of which
only one case is known [34]. Cytokine release syndrome can occur
due to high tumor cell lysis leading to high levels of cytokine release
and macrophage activation. This can cause high fevers, rigors and
hypotension [33] (Table 1).

Immune checkpoint inhibitors

Tumors can escape immune control by regulating the function of
T-cells via inhibitory pathways. These immune checkpoints normally
function to control excessive immune activation. Blockade of the
immune checkpoints with monoclonal antibodies against CTLA-4
or PD-(L)1 (Figure 1) seems to be beneficial in tumors, especially in
melanoma.

CTLA-4 Antibodies: CTLA-4 is a co-inhibitory receptor that
is expressed on the surface of CD4" and CD8" T-cells after T-cell
activation. By binding B7.1 (CD80) and B7.2 (CD86) with a higher
avidity than the TCR co-stimulatory molecule CD28, CTLA-4 can
inhibit CD28-dependent T-cell immune response [35]. Blockade
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Figure 1: Schematic of Inmune Checkpoint Inhibition.

The interaction of a T-Cell Receptor (TCR) with a presented antigen starts
the process of immune activation, for which also CD28 co-stimulation is
required. (A) CTLA-4 mediated inhibition can dampen the immune response.
Inhibition of CTLA-4 by a monoclonal antibody counters this inhibition and
allows unregulated T-cell activation. (B) PD-1, upon binding to its ligand PD-
L1 on the tumor cell, activates an inhibitory pathway in the T-cell. Blocking
the interaction between receptor and ligand with a monoclonal antibody down
regulates the inhibitory stimulus.
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Table 1: Efficacy, Costs and Toxicity of Immunotherapies in Melanoma.

Immune Checkpoint Inhibitors
Adoptive Cell Therapy DC vaccination
Ipilimumab Nivolumab Pembrolizumab
. 0,
ORR 49-72% [28,76] 10.9-11.9% [16,51] 28-41% [17,47,48] [35653085/:] 37.5% [61]
Median OS NK. 9'5'1[11'2 E‘]’”‘hs 16.8 months [46] NK. 13.6-15 months [61-63]
3-year survival 41%
3-year survival 21% [128], 3-year survival 68.2% [129]
Efficac Survival | 3-year survival 36% (average) — [41], 2-year survival 43- 1-year survival 2-year survival 76%,
Y rate 100% (complete responders) [28] | 1-year survival 58% 48% [46,128], 68-74% [51] 1-year survival 87% [130]
[61] 1-year survival 58- (all after LND)
73% [46,47,51]
6-month o o
PES rate N.K. 26.5% [51] N.K. 34-47% [50,51] N.K.
Median 2.8-2.9 months 4 - >7 months
PFS 7.6 months [76] 51,54] 6.9 months [54] [15,51] 5-34.4 months [62,64]
$92,500 [31]-
Average ~ $100,000/patient [30-32] $158 252/ patient | $103,220/patient [42]  ©120-000/year $9,000-20,000/ patient [71,72]
Costs [42,43] [131]
On-target off-tumor reactivity Y
(e.g. skin rash, vitiligo, uveitis, .
hearing impairment, seizures) neid Inudegcse)(grade
34,132 Incidence (grade 3-5): nciaence: -9): .
[ ] 5-27.3% [16,38,51,54] 5-16.3% [47,48,54] | 10.1-13% [51] 'V'"d[((:z %’;2‘; 2)70;0’;0“6
i -419 ) i ) ’
. Off-target reactivity Eatlgue (34-41 é))’ . . Local skin reaction at injection site
Toxicity (diverse unpredictable Diarrhea (27-37%), = Fatigue (20-24%), = Fatigue (20.9%), (31-100%)
i -319, : . ’
autoreactivities) [34] Pruritus (21 301 %) | Pruritus (16-17%), Diarrhea (16.9%), Fever (4-20%),
Rash (25-29%), Nausea (16.5%) Rash (14.7%) Vitiligo (3-30%) [62,63,66-70]
] Colitis (5-8%) [16] [47,48] Pruritus (14.4%) Y
Cytokine release syndrome [51]
(fever, rigor, hypotension,
hypoxia) [132]

DC, Dendritic Cell; ORR, Overall Response Rate; OS, Overall Survival; PFS, Progression-Free Survival; LND, Lymph Node Dissection; N.K., Not Known.

of CTLA-4 is thought to release the inhibition of T-cell activation,
thus enhancing T-cell activation, proliferation and function,
including IFN-y production [35] (Figure 1). In this way, CTLA-4
antibodies potentiate ongoing immune responses, including cancer
immunosurveillance [36].

Ipilimumab: Ipilimumab, a fully humanized CTLA-4 antibody,
was developed and entered clinical trials in 2000 [37]. It showed
promising response in phase I and II trials with metastatic
melanoma patients [38,39] and was approved by the Food and Drug
Administration (FDA) and the European Medicines Agency (EMA)
in 2011, after a phase III randomized clinical trial showed positive
results.

In this study, patients with unresectable stage III or IV melanoma
were randomized 3:1:1 into three arms, ipilimumab plus glycoprotein
100 (gpl00), ipilimumab alone or gpl00 alone [16]. The results
show that ipilimumab has clinical benefits, as the median Overall
Survival (OS) for both Ipilimumab-arms was significantly higher
than for gp100 alone (10 versus 6.4 months). Furthermore, Overall
Response Rate (ORR) was highest in ipilimumab alone [16,35]. In a
second large phase III randomized study, the efficacy of ipilimumab
was compared to chemotherapy (dacarbazine). Previously untreated
metastatic melanoma patients were randomly assigned 1:1 into two
arms of the study, ipilimumab plus dacarbazine or dacarbazine
alone [40]. The combination showed significantly longer OS than the
dacarbazine monotherapy (11.2 versus 9.1 months), with higher 1-3
year survival rates in the ipilimumab-dacarbazine group [40]. Both
phase III clinical trials demonstrated improved OS in patients with
advanced melanoma treated with ipilimumab. Recently, a pooled

analysis of OS data from multiple studies provided a more precise
estimate of long-term survival for ipilimumab-treated patients with
advanced melanoma. The analysis performed on 1861 patients showed
that survival reaches a plateau at a survival rate of 21% beginning
around year 3, independent of prior therapy or ipilimumab dose [41].
Immune-Related Adverse Events (irAE) occurred most often during
the third or fourth treatment-cycle, with the most common being
fatigue, diarrhea, pruritus and skin rash [16]. Although most irAEs
are reversible with appropriate treatment, they can be severe, long-
lasting and in some cases even lethal (2.1%) [16]. Costs for ipilimumab
treatment vary from $92,500 - $158,252 per patient [31,42,43].

PD-1 and PD-L1 Antibodies: In contrast to CTLA-4, PD-1 does
not interfere with co-stimulation, but with signaling downstream of
the TCR. It is expressed on CD8* and CD4* T-cells as well as B-cells
and interacts with PD-1 ligand 1 or 2 (PD-L1 (B7-H1) and PD-L2
(B7-DQ)) to regulate the threshold of antigen responses of T-cells
and B-cells in peripheral tissues, i.e. at the tumor site (Figure 1). This
interaction inhibits the proliferation and effector function of T-cells,
leading to decreased cytokine production and antibody formation
[44]. Whilst highly regulated under physiological conditions, the
expression of these ligands can be upregulated in tumor cells, thereby
diminishing the strength of the T-cell response [17]. By inhibiting
PD-1 receptors or its ligands, effector phase T-cell responses are
reinforced [36]. Several antibodies targeting PD-1 (nivolumab,
pembrolizumab (MK-3475)), both approved by the FDA in 2014,
or PD-L1 (MPDL3280A, MEDI4736, etc.) are in different stages of
development.

Nivolumab: Nivolumab is a fully human IgG4-isotype
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monoclonal antibody against PD-1. It has been approved by the FDA
in December 2014 [12] and by the EMA in June 2015 for the treatment
of unresectable or metastatic melanoma unresponsive to other drugs
[45]. The approval was based on the results of a clinical trial published
in 2014 [46]. 31% of the 107 patients with advanced melanoma had
an objective response, and the median response duration was 2 years.
Median OS was 16.8 months, and 1- and 2-year survival rates were
62% and 43%, respectively [46]. The first published phase III clinical
trial was a comparison of nivolumab to chemotherapy (dacarbazine)
in previously untreated patients without BRAF-positive melanoma
[47]. The 1-year OS was 72.9% with nivolumab versus 42.1% with
chemotherapy and the ORR was noticeably higher with nivolumab
(40%) than in the dacarbazine group (13.9%) [47]. Similar ORRs
were described in another phase III study comparing nivolumab
to chemotherapy (dacarbazine) in patients that progressed after
ipilimumab or ipilimumab and BRAF inhibitor treatment [48]. Both
studies showed a better safety profile in the nivolumab group with
11.7% or 5% adverse events versus 17.6% or 9% in the chemotherapy
group, respectively. Most common treatment-related adverse events
were fatigue, pruritus, and nausea [47,48]. Costs for treatment with
nivolumab are around $100,000 per patient [42].

Pembrolizumab/Lambrolizumab (MK-3475): Pembrolizumab
(formerly lambrolizumab or MK-3475) is a highly selective
humanized IgG4-isotype monoclonal antibody against PD-1. Of the
PD-1 directed antibodies, pembrolizumab has the highest affinity
for PD-149. It was the first anti-PD-1 drug that got approval from
the FDA for treatment of melanoma patients with relapsed or
refractory disease in September 2014. A cohort study with advanced
melanoma patients reported a high dose-dependent Response Rate
(RR) (median ORR was 38%, RR with high dose was 52%) and an
overall median Progression-Free Survival (PFS) that was longer than
7 months [15]. A recent phase II study with ipilimumab-refractory
melanoma patients showed that pembrolizumab improves PFS
compared to chemotherapy. 6-months PFS rates were more than
30% in pembrolizumab-treated patients compared to 16% for
chemotherapy [50].

Comparison of pembrolizumab with ipilimumab in a phase III
study with advanced melanoma patients revealed that pembrolizumab
increased 6-month PFS (more than 45% versus 26.5% for ipilimumab)
and 1-year survival rates (Table 1) [51]. This study suggests that
pembrolizumab may be more efficacious than ipilimumab, while the
costs are comparable (Table 1). Overall, PD-1 inhibition (nivolumab
or pembrolizumab) shows a higher efficacy with higher response
rates and durable responses as well as less adverse events than CTLA-
4 inhibition (ipilimumab) (Table 1).

Combination CTLA-4 and PD-1 Inhibition: Several studies
have been performed testing the combination of nivolumab with
ipilimumab to examine whether a synergistic effect would occur. Two
phase II randomized trials showed that response rates were higher
in the combination groups (40% and 61%) than with nivolumab
(20%) or ipilimumab (11%) monotherapy, respectively [52,53]. The
first phase III trial comparing the combination of nivolumab and
ipilimumab versus each as monotherapy in treatment-naive patients
was published recently. Nivolumab - either in combination (11.5
months) or alone (6.9 months) - significantly improved median PFS,

compared to ipilimumab alone (2.9 months) [54].

In conclusion, the efficacy of nivolumab and ipilimumab
combination therapy is superior over single immune checkpoint
therapy. Although this was accompanied by an increase in toxicity
(grade 3-4 AE in 55% of patients) [53,54], the combination therapy
got FDA approval in October 2015 for patients with BRAF V600
wild-type advanced melanoma [55]. This combination therapy would
approximately cost more than $200,000 per patient. Interestingly,
in PD-L1-negative patients the combination of PD-1 and CTLA-
4 blockade (nivolumab and ipilimumab) was more effective than
both monotherapies [54]. PD-L1 expression could thus be useful in
determining which patients should receive combination therapy.

Cancer Vaccines

The purpose of cancer vaccines is to stimulate the cancer-
immunity-cycle, triggering a long-lasting adaptive immune response,
mostly after surgical resection of the melanoma. Vaccines can be
based upon antigens ranging from peptides to whole irradiated cancer
cells [56,57]. For example, cancer vaccines have been developed
using peptides or proteins, which are Tumor-Associated Antigens
(TAAs) or are associated with tumor progression, such as gp100 for
melanoma. Also whole, inactivated autologous or allogeneic cancer
cells can be used for cancer vaccines [56].

The most common approach in melanoma research is Dendritic
Cell (DC) vaccination. DC vaccines are created by stimulation of
autologous DCs via pulsing with a proper Ag source in vitro [56,57].
DCs are central players in regulation of T cell-stimulation, bridging
the innate and adaptive immune responses. In vivo, endogenous DCs
process antigens in their immature form are signaled to mature, and
migrate to lymph nodes. When maturated they lose their motility and
antigen processing capabilities, co-localize with T-cells and activate
them [58].

To create DC vaccines, DCs are mostly derived from peripheral
blood mononuclear cells, but first clinical studies show that naturally
occurring Plasmacytoid Dendritic Cells (pDC) can be handled as well
[59]. Different means for pulsing of DCs have been used, including
autologous or allogeneic tumor lysate pulsed DCs, peptide cocktail-
pulsed DCs, mRNA transduced DCs, DC/tumor cell fusion products,
and virus-transduced DCs [60]. An autologous tumor lysate pulsed
DC vaccine was evaluated in a phase II clinical trial of 24 subjects with
stage IV melanoma. The ORR to vaccination was 37.5% and median
OS was 15 months [61]. In a study with peptide-pulsed DCs (either
MHC-I-restricted gp100 or both MHC-I-restricted gp100 and MHC-
II-restricted tyrosinase) in 29 patients with advanced melanoma,
median OS likewise rose to 15 months and clinical responses improved
upon MHC-I/II-loaded DC vaccination [62]. Peptide cocktail-pulsed
DC vaccination, performed in a phase II clinical trial in 24 patients
with metastatic melanoma, significantly prolonged OS in DC-given
melanoma patients (13.6 months in vaccinated vs. 7.3 months in
non-vaccinated) [63]. Vaccination with mRNA electroporated DCs
in stage III or VI melanoma patients was shown to induce IFN-y
producing CD8* and CD4* T-cell responses, which are associated
with improved Progression-Free Survival (PFS) and OS [64,65]. In
contrast to ACT and immune checkpoint inhibition, adverse events
in DC vaccination are absent or only mild, such as local skin reactions
at the injection site, fever, or vitiligo [62,63,66-70], and the cost of
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treatment are considerably lower, namely $9,000 - $20,000 per patient
[71,72].

Predictive Biomarkers

Since the response to immunotherapy can vary, immunotherapy
can cause serious autoimmune toxicity, and the costs of most
treatments are high and are even increasing in case of severe toxicity
requiring medical attention, the need for predictive biomarkers is
urgent. As accumulating evidence shows that the local antitumor
immune response can influence the efficacy of immunotherapies,
several studies aimed at identifying potential predictors of response
to anti-tumor immunotherapies. Especially the number and type, but
also the distribution and location of Tumor-Infiltrating Lymphocytes
(TIL) seem to have prognostic value and may help predict response
to therapy. This has led to the development of an ‘immunoscore’,
a quantification of the density and location of immune-cells
within the tumor [73], primarily cytotoxic (CD8*) and memory
(CD45R0) T-cells in the center and the invasive margin of tumors
[74]. Furthermore, the location of immune cells in adjacent Tertiary
Lymphoid Structures (TLS) can also have prognostic value [75] and
potentially predictive value.

Adoptive Cell Therapy

Since not all patients respond to ACT in the same way, predictive
biomarkers are needed to prevent high costs and life-threatening side
effects associated with the therapy [37]. However, little is known about
predictive biomarkers in ACT. No associations were found between
patient gender, age, tumor stage, and serum Lactate Dehydrogenase
(LDH) at time of TIL transfer and clinical response [76]. Also CD62L,
which governs the circulation of CD8* T-cells between lymph nodes
and peripheral tissues, was shown not to be predictive for response
in a mouse model, although previous studies correlated CD62L
expression with the success rate of ACT [77]. Kronik et al. show in
their mathematical model, simulating 4 independent clinical trials,
that tumor growth rate and tumor load are critical for the success
of T-cell therapy in melanoma and thus for predicting the outcome.
On basis of this analysis, a large tumor burden might be handled as
exclusion criteria if a large CTL dose is unavailable [78].

A higher number of Tumor-Infiltrating Lymphocytes (TIL),
and a higher number and percentage of CD8*T-cells in the infusion
product is shown to be significantly associated with response in
metastatic melanoma. Responding patients showed a higher number
of differentiated effecter T-cells and CD8* T-cells expressing the
inhibitory receptor B- and T-Lymphocyte Attenuator (BTLA) than
non-responders [76,79]. BTLA expression is thought to mark a
specific stage of differentiation and seems to contribute to a longer
survival of CD8T-cells, which might explain the correlation of
BTLA expression on CD8*T-cells and clinical response in ACT [79].
Recently, multispectral imaging of the tumor microenvironment in
17 melanoma patients showed that the presence of CD8*T-cells alone
was insufficient to predict the successful generation of a TIL culture,
a major hurdle in ACT, whereas the ratio of CD8* T-cells to CD3*
FoxP3"* regulatory T-cells was highly predictive [80].

Immune checkpoint inhibitors

Several studies have been published that investigated potential
biomarkers associated with responsiveness to checkpoint inhibition,

mainly with regard to gene expression profiles or immune cell
infiltration in the local tumor microenvironment, but also systemic
factors have been examined. Furthermore, the potential effect of
NRAS or BRAF mutation status on the response to checkpoint
inhibition was studied recently. The results show that patients with
NRAS mutation respond better to immunotherapy, especially to
first-line immunotherapy, and show a higher clinical benefit as well
as a longer PFS [81]. However, Mangana et al. showed that while the
median OS of NRAS mutated patients is prolonged, the difference is
not significant [82]. The NRAS mutation status might thus give an
indication for a patient’s response to checkpoint inhibition, but can
probably not be considered as a predictor of response. Some studies
also associate clinical autoimmune responses, especially vitiligo,
colitis or pruritus, occurring in patients undergoing immunotherapy
for melanoma, with response to checkpoint inhibition [83-86].

CTLA-4 Antibodies: With regard to CTLA-4 blockade,
most publications studied prediction of response to the approved
ipilimumab, whereas very few studies focused on tremelimumab.
Patient age, gender, tumor histology, primary tumor site, and
previous therapies show no significant correlation with clinical
response in treatment with ipilimumab [87]. Correlations between
those metrics and clinical response are as of yet not reported in
tremelimumab treatment. Furthermore, somatic mutations and
candidate neoantigens were analyzed from melanoma patients treated
with ipilimumab or tremelimumab. Whilst the correlation between
mutational load and survival was not as strong, shared tetrapeptide
neoepitope signature (101 shared tetra peptides) was associated
with clinical benefit [88]. Moreover, immune-related adverse
events, including colitis, hypophysitis, arthritis and thyroiditis, were
associated with significant clinical benefit in patients receiving anti-
CTLA-4 therapy [89].

Ipilimumab: There are currently no confirmed biomarkers that
are predictive for response to ipilimumab. Initially it was thought
that the HLA status could correlate with ipilimumab benefit, but an
analysis of four melanoma trials revealed that response to ipilimumab
was HLA independent [90].

Several studies analyzed easy accessible blood or serum
parameters. High peripheral blood TCR diversity was associated with
clinical benefit in a small patient cohort [91]. Moreover, melanoma
patients expressing NY-ESO-1 in the serum with associated CD8*
T-cells were found to have more frequent clinical benefit and
significant survival advantage [92]. Furthermore, lower baseline
levels of circulating Myeloid-Derived Suppressor Cells (MDSCs)
were reported to significantly correlate with tumor response [93,94],
and OS [95]. High baseline serum concentrations of soluble CD25
(sCD25) predicted resistance to ipilimumab in melanoma patients
[96]. Interestingly, low baseline levels of LDH, involved in tumor
initiation and metabolism, were also frequently associated with
improved OS [97-100]. Similarly, high baseline serum levels of
Vascular Endothelial Growth Factor (VEGF) were reported to have
a deleterious impact on the chance to experience a clinical response
after ipilimumab [101]. The predictive values of these parameters
need to be confirmed in larger cohort studies.

Currently, Tumor-Infiltrating Lymphocytes (TILs) are studied
extensively in melanoma, since they are known to have a prognostic
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value and might predict efficacy of immunotherapy [102]. Tarhini
et al. describes a tendency for association of low baseline levels
of CD20* B-cells in tumor biopsies with worse clinical response to
ipilimumab [103]. Furthermore, melanoma-specific T-cells have
been shown to have a prognostic impact in metastatic melanoma
patients [104,105] and increase upon ipilimumab treatment [103].
In a phase II biomarker study, immunohistochemistry and histology
analysis on pretreatment tumor biopsies from patients with
unresectable melanoma revealed that high baseline expression of the
T regulatory-specific transcription factor fork head box P3 (FoxP3)
and the immuno modulatory enzyme Indoleamine 2,3-Dioxygenase
(IDO) on tumor-infiltrating mononuclear leukocytes is significantly
positively associated with ipilimumab clinical activity [106]. No such
association was observed with total infiltrate, expression of CD4,
CD45R0, CD8, granzyme B, or perforin [106]. In the same trial, gene
expression profiling revealed that high baseline expression levels of
immune-related genes, including cytotoxic T-cell surface markers,
Th1 cytokines and chemokines, immune-receptors, cytotoxic factors,
and T-cell receptors, were associated with response to ipilimumab
[107]. Whole-exome sequencing of pretreatment melanoma tumor
biopsies showed a significant association between overall mutation,
neoantigen load, and cytolytic markers with clinical benefit. However,
mutational load alone appears not to be sufficient to predict benefit
[88] and no recurrent neoantigen peptide sequences were found to be
predictive for response [87].

In addition to lymphocytes, neutrophils and eosinophils are also
associated with response to ipilimumab. Baseline eosinophil count in
blood was reported to be predictive for outcome upon ipilimumab
treatment. A baseline absolute eosinophil count >100/uL or baseline
relative eosinophil counts of 1.75% were both significantly associated
with improved OS [108]. Recently, a low baseline neutrophil-to-
lymphocyte ration was shown to significantly improve PFS and OS
[97,109,110]. Furthermore, several studies and case reports show an
association between immune-related adverse events, such as ileitis,
colitis and vitiligo, and response to ipilimumab treatment [111-115].

PD-1 and PD-L1 Antibodies: In contrast to ipilimumab, little
data is available concerning potential predictive biomarkers during
PD-1 or PD-L1 blockade. Evaluation of PD-LI expression on tumor
cells as a predictive marker revealed to be inconclusive. Although
some reports mention that PD-L1 expression correlates with
response to PD-1 blockade, there is considerable overlap between
PD-L1-positive and -negative tumors, regarding clinical response
[15,17,47,48,116,117). Currently, the focus lies on immunoprofiling
and gene expression sequencing of tumor tissue. Tumors with a high
mutational load have a better response to PD-1 blockade [118,119],
similar as to what Snyder et al. reported for CTLA-4 immunotherapy.
Recently, Campesato et al. integrated the data published by Snyder
et al. 2014 and Rizvi et al. 2015 to determine if gene panels could be
applied to estimate clinical benefit to checkpoint inhibition [120]. A
high mutational load was significantly associated with PFS in patients
treated with PD-1 immunotherapy and might thus be useful as a
predictor for clinical benefit.

Next to mutational load, also the density of CD8'T-cells at
the invasive margin of the tumor may predict response to PD-1
blockade, since pre-treatment samples from patients responding to
pembrolizumab showed higher numbers of CD8" cells [117]. As this

predictive model was shown to accurately predict 9 out of 9 patients in
the true response group and 4 out of 5 patients in the true progression
group [117],CD8* cell density atthe invasive margin seemsa promising
predictive marker. Interestingly, a case of an advanced melanoma
patient is known that displayed vitiligo prior to immunotherapy and
showed a significant rapid response to nivolumab treatment [121].
Also in patients receiving pembrolizumab, cutaneous adverse events,
such as vitiligo and pruritus were associated with a better objective
response to treatment and longer PFS, respectively [83,84].

DC Vaccination

The identification of potential predictive biomarkers in DC
vaccination is only at its beginning. In 2011 it was shown that
several features can improve survival after DC vaccination in
melanoma patients, amongst which younger age (<50 years),
male gender, prior radiation therapy, IFN-y-induced apoptosis,
baseline LDH in the normal range, and an Eastern Cooperative
Oncology Group performance status of 0 (fully active). Expression
of specific antigens (HMB-45, Mel-5, tyrosinase, S100, Mage-1) on
the cultured melanoma cells of patients was not associated with
difference in survival [122]. Special interest now lies on the tumor
microenvironment and tumor-infiltrating lymphocytes, especially
on T-cells. A study in melanoma patients receiving autologous
tumor cell vaccination showed that a significantly higher number of
activated T-cells at baseline were associated with non-progression.
This study by Tijn et al. further showed a correlation between CD4,
CD8, and granzyme B with OS, too [14]. These findings suggest
that sufficient numbers of (activated) T-cells in melanoma tissue at
baseline may be beneficial for immunotherapy response. However,
the predictive value for response to DC vaccination still needs to be
investigated. In contrast, no correlation with OS and suppressive
cells, such as regulatory T-cells or Myeloid-Derived Suppressor
Cells (MDSC), T-cell inhibitory factors or loss of HLA class-1/
melanocytic differentiation antigens was detected by Tijn et al.[14].
The premise that CD8" T-cells are beneficial for clinical outcome
after DC vaccination is endorsed by findings in a melanoma mouse
model, in which the combinatorial therapy of Dasatinib (DAS) and
DC vaccination led to elevated CD8* T effector cell levels, inhibited
tumor growth, and extended OS compared to monotherapy.
Furthermore, pro-inflammatory cytokine and chemokine expression
levels, including IFN-y, were highest in the combination therapy.
DAS, a multi-kinase inhibitor, is suggested to enhance CD8" T-cell
infiltration into the tumor microenvironment and thereby create
beneficial circumstances for the functioning of DC vaccination [123].
Next to immunohistochemical analysis, gene expression profiling of
pre-treatment biopsies of melanoma metastases can correlate with
outcome after immunotherapy, e.g. due to high expression levels
of immunosuppressive genes or specific chemokines [124,125]. A
DC vaccine trial revealed that pre-treatment melanoma metastases
biopsies from favorable outcome patients expressed higher levels of
T-cell-specific genes, chemokines, as well as other immune genes
[126]. It is suggested that, in a subset of melanomas, the recruitment
of activated T-cells into the tumor microenvironment is supported
through the regulation of chemokines, which may improve the
clinical response to cancer vaccines [124].

In metastatic renal cell carcinoma patients, responders to DC
vaccination showed significantly higher cytotoxic effects of peripheral
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blood lymphocytes compared to cells from non-responders, even
before vaccination [127]. Thus, cytotoxic activity is a potential
predictive marker, which should be evaluated in prospective studies.

Discussion

Immunotherapy has been shown to be an effective treatment for
some patients with melanoma. The various strategies are superior
to targeted therapies by providing durable tumor control and long-
term survival, making them emerging first-line treatment options to
clinicians. Especially dendritic cell vaccination is a very promising
approach, considering its relative low cost, low toxicities, and long-
lasting response.

Although immunotherapies have a high clinical efficacy, not all
patients benefit equally and questions remain as to which patients
are eligible for a particular immunotherapy. The need for predictive
biomarkers, which can help to improve treatment efficacy and cost-
efficiency, is evidently high. Our review reveals that the classical TNM
staging characteristics of the primary melanoma are not predictive for
response to immunotherapy in various studies, whereas a low tumor
growth rate and tumor load with a normal LDH level at baseline were
shown to have predictive value in some studies. Also specific antigens,
such as melanocytic differentiation antigens, are suggested not to
be predictive. Current studies point to a predictive value of tumor
immune infiltration, chemokine signature, tumor burden, and tumor
mutational load, either alone or in combination. A high mutational
load is thought to increase the chance for the immune system to
recognize these tumors with a higher neoantigen load, but was in
most studies only predictive in combination with other markers.
Specific chemokines are suggested to enhance immunosurveillance
by recruiting activated T-cells to the tumor microenvironment.
Of special interest are the type and number of specific lymphocyte
subsets, either in the blood or in the tumor microenvironment.
Higher densities of TILs, especially of activated cytotoxic T-cells are
indicated to be predictive biomarkers to immunotherapy. In contrast,
immunosuppressive subsets are associated with a poor prognosis. An
immune-active tumor microenvironment thus seems to be beneficial
for the effect of immunotherapy. However, most of these studies
were retrospective analyses, operating with incomplete data. Since
prospective validation studies in large cohorts are lacking, none of
the identified candidate biomarkers are broadly used in daily clinical
care and influencing treatment decisions. Next to large sample sizes,
further investigation of biomarkers will moreover require clear
definitions and agreements (e.g. regarding cut-off values for PD-
L1 expression), since there are currently considerable differences
between studies.

In future studies, it might be worthwhile to analyze T-cell
infiltration in depth, taking not only the number or density of cells
but also the T-cell subsets, distribution and location (intratumoral,
peritumoral, at the center of the tumor, or at the invasive margin)
into consideration. Moreover, the predictive value of candidate
biomarkers might be enhanced by combination of markers. As shown
for ACT, the ratio of cytotoxic T-cells to regulatory T-cells can hold
a higher predictive value than the single values [80], which might be
true for other immunotherapeutic strategies as well. Combination of
various markers, e.g. by multispectral imaging, can create a predictive
fingerprint that can hold more information than single parameters.
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