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Abstract

Introduction: Advanced melanoma has recently been transformed by the advent of immune
checkpoint inhibitors. These agents have altered the prognosis of this disease from a median
survival of <1 year to recent data showing a 5-year survival surpassing 50%. Combination
regimens combining PD-1 and CTLA-4 blockade are associated with superior response and
progression-free survival at the cost of increased toxicities.

Areas covered: In this review, we discuss the clinical and investigational utility of predictive
biomarkers of immune checkpoint inhibitor treatment in melanoma. Topics include tumor-intrinsic
biomarkers, tumor microenvironment biomarkers, and host characteristic biomarkers. We also
discuss biomarkers of immune-related adverse events and how biomarkers may be used to
personalize selection of immune checkpoint inhibition in patients.

Expert opinion: The decisions confronting oncologists when choosing treatment is increasing in

complexity. Biomarkers may aid in these treatment decisions and are growing in importance.
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1. INTRODUCTION

Melanoma, the most deadly form of skin cancer, is a major health concern in the United
States, with approximately 90,000 new cases diagnosed annually. It represents the fifth- and
sixth-most common cancer diagnosis in men and women, respectively. While early stage (I-
I1) disease has a 90+% five-year survival rate with surgical excision alone, disease which has
spread to lymph nodes or distant organs requires systemic treatment and portends a much
poorer five-year survival rate. Patients with distant sites of disease at the time of diagnosis
historically expected a <20% five-year survival [1, 2]. Until 2017, the incidence of
melanoma deaths had been increasing [3].

"Corresponding author: Douglas.b.johnson@vumc.org.

Reviewer disclosures
Peer reviewers on this manuscript have no relevant financial or other relationships to disclose.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nebhan and Johnson Page 2

In the past decade, the treatment of metastatic melanoma has changed dramatically [4]. Prior
to 2011, the mainstay of treatment for metastatic disease was high-dose Interleukin-2, a
therapy associated with significant and often course-limiting toxicity due to non-specific
immune stimulation (including multiorgan dysfunction and systemic inflammatory response
syndrome). Patients treated with IL-2 could expect a 20% response rate, but a small subset
of these patients (5-8%) went on to have complete responses sustained for decades,
representing one of the few curative treatment modalities in metastatic solid tumors [5].
Within the past decade, there has been an explosion of treatment options due to the
development of targeted therapies and immune checkpoint inhibitors [6].

Immune checkpoint inhibitors are a novel class of therapeutics that inhibit cytotoxic T
lymphocyte antigen-4 (CTLA-4) or programmed death-1 receptor/ligand (PD-1/PD-L1) to
potentiate anti-tumor immune response. Members of these targeted drug classes have been
used alone and in combination with impressive responses. Currently, there are three immune
checkpoint inhibitors (IClIs) FDA-approved for use in patients with metastatic melanoma:
ipilimumab, an inhibitor of CTLA-4, and pembrolizumab and nivolumab, both inhibitors of
PD-1. These therapies have demonstrated prolonged progression-free survival and overall
survival, with response rates as high as 45% for patients treated with anti-PD-1
monotherapy, and 60% treated with combination CTLA-4/PD-1 blockade [7]. Ipilimumab
monotherapy was first demonstrated to improve overall survival from 6.4 months in gp100-
treated patients to 10.1 months in ipilimumab-treated patients; overall response rates for
ipilimumab monotherapy range from 10-20% [8, 9]. This led to the FDA approval of
ipilimumab for the treatment of melanoma in 2011. Nivolumab is a humanized 1gG4
monoclonal PD-1 antibody; multiple phase 11-111 studies have demonstrated an objective
response rate of 28-40% with nivolumab monotherapy [10-12]. Similarly, pembrolizumab,
also a humanized 1gG4 monoclonal PD-1 antibody was FDA approved in 2014 after
demonstrating a 38% objective response rate in advanced melanoma patients, with improved
toxicity profile when compared to ipilimumab [13-15].

2. CLINICAL AND INVESTIGATIONAL BIOMARKER ULTILITY

In an age of precision cancer medicine, the need for validated clinical biomarkers cannot be
overstated. This review explores the current state of biomarkers for melanoma in the setting
of both clinical and investigational immune checkpoint inhibitor use. Biomarkers can be
classified as either prognostic or predictive; a prognostic biomarker provides treatment-
agnostic information about a patient’s overall cancer outcome, while a predictive biomarker
provides information about the effect of a particular therapeutic intervention [16]. First and
foremost, biomarkers enable clinicians to align the most optimal treatment with a specific
patient. We currently rely on front-line testing in multiple tumor types to ensure optimal
therapy choice, such as targeted sequencing of NSCLC to identify EGFR-mutant tumors,
portending significant benefit from EGFR-directed tyrosine kinase inhibitors, or BRAF
mutations to inform use of BRAF and MEK inhibitors in melanoma. In addition to
stratifying individual patients for specific interventional benefits, biomarkers also augment
research efforts. Biomarkers have allowed novel approaches to clinical trials, such as
“basket” trials, which test a single intervention in a broad range of tumor histologies all
bearing a single positive biomarker, and “umbrella” trials, which test multiple interventions
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matched with multiple biomarkers within a single tumor histology [17]. In addition,
understanding biomarkers can provide insight into the underlying biology of a tumor and
facilitate hypothesis generation to both optimize response and overcome innate and/or
acquired resistance to a specific biomarker-associated therapy.

In current clinical practice, first-line treatment options for patients presenting with metastatic
melanoma include anti-PD-1 monotherapy, combined checkpoint blockade with anti-PD-1/
anti-CTLA4 antibodies, and combination targeted therapy in patients whose tumors harbor
BRAFV600E mutations. PD-L1 testing by immunohistochemistry is described as
controversial at this time, emphasizing the need for more research into this and other
biomarkers of melanoma [18]. Biomarkers for ICI response in melanoma can be divided into
three subgroups: tumor intrinsic, tumor microenvironment, host factors. This review will
evaluate these potential biomarkers for ICI in advanced melanoma.

3. TUMOR-INTRINSIC BIOMARKERS

3.1 Tumor Mutational Burden

Tumor intrinsic biomarkers, including tumor mutational burden (TMB) and tumor
neoantigen profiling, have been fairly well-studied across a wide array of solid tumor
histologies. Tumor mutational burden refers to the ratio of somatic mutation rate in tumor
DNA as compared to matched normal germline DNA. While research studies typically use
whole-exome sequencing data to determine total mutation load, in clinical practice, we
typically rely on commercially-available targeted genomic sequencing assays (such as
FoundationOne, Tempus, MSK-IMPACT). These assays identify somatic exonic mutations
in a predefined subset of cancer-related genes (typically 300-600 genes) by comparison of
tumor-derived and matched germline DNA. Targeted sequencing assays, which represent
about 2-3% of the total coding exome, have been validated to highly correlate with total
mutational burden as measured by whole-exome sequencing approaches [19].

At this time, it remains speculative why high TMB correlates with response to immune
checkpoint inhibitors. The dominant hypothesis is that increasing numbers of mutations
correlate with increased neoantigen generation, which increases the likelihood of generating
immunogenic peptides that can be targeted by T cells (e.g. more mutations = more
likelihood of generating a “foreign appearing” protein). The evidence of this hypothesis is as
follows. In general, tumors with higher TMB are also, in general, the ones which respond to
checkpoint inhibitors [20]. Within tumor types, more evidence exists. Using a broad cohort
of advanced cancer patients treated with immune checkpoint blockade whose tumors were
profiled using a targeted sequencing assay (MSK-IMPACT), Samstein et al defined TMB
percentile subgroups ranging from the top 10-50% which conferred improved survival
within each specific tumor type. This study included bladder, breast, colorectal,
esophagogastric, glioma, head and neck, melanoma, non-small cell lung cancer, and renal
cell carcinoma and represents the largest such study to date with 1,662 I1CI-treated patients
included. Importantly, this study also evaluated a similar group of 5,371 advanced cancer
patients with targeted sequencing data who were not treated with immune checkpoint
blockade; this analysis found no survival benefit in tumors with subgroup-defined high
TMB, indicating that the survival benefit depends of high-TMB tumors response to immune
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checkpoint blockade therapy [21]. Because primary tumor usually requires invasive biopsy
to obtain, there have also been efforts to mine cell-free DNA (cfDNA) accessible from a
simple peripheral blood draw to obtain this information. Georgiadis et al recently developed
a targeted plasma panel of five mutations corresponding to a mutation rate of 51 mutations/
Mgbp sequenced that can serve as a marker of exceptionally high TMB related to mismatch
repair deficiencies. While this was validated in a small panel of mostly advanced
gastrointestinal malignancies (and no melanomas), such targeted sequencing of cfDNA may
certainly be translatable to melanoma in the future, though the specific algorithm may need
refinement given the stronger association of MMR deficiency with GI malignancy than
melanoma [22].

Using a similar tumor-agnostic approach, Miao at el sought to further refine the predictive
power of TMB by combining TMB with other genetic data, including clonal mutations and
neoantigens, mutations and copy number alterations, and affecting particular genes and
signaling pathways and overall tumor aneuploidy. A subgroup analysis of melanoma tumors
was stratified by mutational signatures of UV light (S7), prior exposure to alkylating agents
(S11), and other signatures not clearly associated with environmental exposures (S1 and S5).
After stratifying, no significant difference in mutational burden was observed between
responders and non-responders to immune checkpoint blockade. Given the very high tumor
burden associated with melanoma generally, the authors hypothesize that TMB in melanoma
may simply be a surrogate marker of underlying biology related to pathway alterations that
promote tumor immunogenicity and somatic mutations [23]. NCCN guidelines for treatment
of cutaneous melanoma describe TMB testing as investigational at this time. A number of
other studies have suggested a correlation between TMB and response in various tumor
types [24-29].

Additionally, a number of pre-clinical and clinical studies have suggested that particular
mutations may influence immune responses through immune cell exclusion, altered
metabolism, or other immune cell-tumor cell interactions. These include mutations in NRAS
[30], CTNNBI pathway [31], MYC[32], PTEN[33], and LKBI1 [34]. However, these
studies have, in general, not been verified in larger cohorts and are not used to guide therapy
at this time.

3.2 Tumor Neoantigen Profiles

Tumor neoantigen profiles refer to groups of tumor-specific mutant epitopes/peptides
associated with T-cell reactivity. This was first examined in melanoma in in 2013, when van
Rooij et al published a case report of tumor exome analysis of a melanoma patient with
exceptional response to ipilimumab. In this patient, two neoantigens (mutant epitopes of the
ataxia telangiectasia and RAD3 related gene product) were found to be enriched after
treatment [35]. In 2014, Snyder et al compared two cohorts of malignant melanoma patients,
one of which experienced long-term clinical benefit from treatment with CTLA-4 blockade
(ipilimumab or tremelimumab) and one of which minimal or no clinical benefit. Whole
exome sequence conducted on the two groups identified that mutation load was associated
with response but not sufficient to predict benefit. Further analysis of whole exome
sequencing data identified a somatic neoantigen-derived tetrapeptide signature that predicted
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a good response to CTLA-4 blockade that was validated to have strong correlation with
survival. Interestingly, analysis of the predictive neoepitope group identified a close
resemblance of epitopes predicting clinical benefit from CTLA-4 inhibition to epitopes seen
on viral pathogens such as human cytomegalovirus [25]. However, larger studies failed to
recapitulate this finding or identify any recurrent neoantigen patterns with predictive power
[36]. In addition to specific neoantigen profiles, microsatellite instability has been suggested
as a surrogate marker for general high neoantigen load based on successful predictive power
in colorectal cancer. Le et al validated the predictive power of a commercially available
assay for mismatch repair deficiency in an expanded panel of 12 solid tumor types; however,
this analysis did not include melanoma [29].

An emerging approach to understanding response to checkpoint blockade relies on insights
into the immune metabolism. Harel et al recently performed proteomic profiling of advanced
melanoma clinical samples, performing high-resolution mass spectrometry on ~4,500
proteins per sample. Statistical analysis led to the finding that ICI-sensitive tumors had
higher oxidative phosphorylation and lipid metabolism as compared to ICI-resistant tumors.
Molecular studies demonstrated that increased lipid metabolism increased antigen
presentation, thus providing a mechanistic link to ICI sensitivity [37].

3.3 Tumor size

In addition to tumor genetic profiling, a more clinically measurable surrogate of baseline
tumor size has been validated as a predictive biomarker in melanoma patients Joseph et al
evaluated a cohort of 583 melanoma patients with measurable disease. Patients with baseline
tumor size below the median of 10.2cm was associated with higher overall response rate and
overall survival upon treatment with anti-PD-1 antibody (pembrolizumab). A multivariate
analysis of a 459-patients subset also demonstrated that patients with lower baseline tumor
size and high PD-L1 expression (as defined by immunohistochemical staining >1% of
tumor/tumor-associated lymphocytes) was independently associated with higher overall
response rate and longer OS [38]. While the authors acknowledge that their analysis cannot
differentiate between the predictive versus prognostic effect of this finding, it is certainly
reasonable to hypothesize that lower baseline tumor size corresponds to increased immune
response in these smaller tumors [39]. However, they did not find a difference in PD-L1
positivity between low and high baseline tumor size cohorts. This may speak more to
sampling variability and the dynamic nature of PD-L1 as a marker.

4. TUMOR MICROENVIRONMENT BIOMARKERS

There has been much interest in determining how the tumor microenvornment, particularly
the immunomicroenvironment, might affect checkpoint blockade treatment response.

41 PD-L1

Given the mechanism of anti-PD-1 antibodies, PD-L1 seems to be the most “obvious”
choice as a predictive biomarkers for these therapies. Early clinical trials of PD-1 inhibitors
have included assay of baseline PD-L1 status across all tumor types, including melanoma,
non-small cell lung cancer, renal cell carcinoma, prostate cancer, and colorectal cancer. In
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current clinical practice, PD-L1 status is readily obtainable with immunohistochemistry, but
the threshold for PD-L1 positivity is poorly defined, ranging from 1-50% in various studies.
This is further complicated by variance among epitope specificity of available antibodies for
IHC, including numerous proprietary companion diagnostic assays commonly used in the
clinical setting [40]. The biology of PD-L1 itself also makes this a challenging biomarker: it
is regulated by numerous pathways, including many of which are perturbed in malignant
transformation (MAPK, PI3K, Akt, HIF1, STAT3, NFKB), it is transient and subject to
significant sampling error (even within a single patient), and it can be expressed by immune
cells in the microenvironment [41]. Most practically, we know that patients whose tumors do
not express PD-L1 on IHC staining can still respond to immune checkpoint blockade. The
CHECKMATE-067 trial demonstrated response lower but substantial response rates among
patients treated with mono- or combination checkpoint blockade with negative PD-L1
expression [42]. At this time, PD-L1 is used to help select patients for ICI in certain cancer
types, including NSCLC, triple negative breast cancer, head and neck squamous cell
carcinoma, and others, but has limited value in other cancers such as melanoma and renal
cell carcinoma.

4.2 Tumor Infiltrating Lymphocytes

Multiple studies have demonstrated that response to PD-1 inhibition in melanoma can be
predicted by higher number and spatial distribution of T cells within the invasive border of a
tumor. Defined as “hot” or immunogenic, such T cells infiltrates tend to show higher levels
of PD-1+ and CD8+ as well as increased T-cell receptor clonality [43-45]. Such “hot”
tumors demonstrate increased response to immune checkpoint blockade, and the topic of
how “cold” tumor can be influenced to become “hot” is a major area of research in the field.

Many groups have worked to further characterize the molecular underpinnings of “hot”
tumors. For example, T cell gene expression profiles have been analyzed by Ayres et al; this
study identified an interferon-Y* signature containing genes related to antigen presentation,
chemokine expression, cytotoxic activity and adaptive immune resistance which were
necessary but not always sufficient for clinical benefit [46]; a clinical-grade assay is
currently in development. Sade-Feldmen et al have used single-cell RNA of immune cells of
48 different melanoma tumor samples to stratified CD8+ T cells into two distinct groups
associated with tumor regression or progression. Their analysis identified a key transcription
factor, TCF7, as a marker of tumor response to PD-1 inhibition independent of total CD8+ T
cell infiltration. This transcription factor is part of the Wnt/p-catenin signaling pathway is
crucial for differentiation, self-renewal, and persistence of CD8+ T cells. Avogadri et al
previously described the upregulation of non-cytotoxic T-cell (CD4+Foxp3-PD-1+, termed
4PD1M) upon treatment with CTLA4 inhibition and postulated that this phenotype, which is
very similar to that of follicular helper T cells, may be associated with tumor progression
[47]. More recently, their group elucidated that combination checkpoint blockade with
CTLA-4 and PD-1 inhibition actually has an opposing modulatory effect on this phenotype
[48]. From this, it is reasonable to hypothesize that assaying the 4PD1M status of a tumor
either before ICI treatment or upon progression during mono- or combined checkpoint
blockade may be a useful approach to guide choice of ICI treatment. Prognostic studies are
warranted to validate the 4PD1M signature in clinical specimens.
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4.3 MHC-I

Another important biomarker of response to immune checkpoint blockade in melanoma are
the major histocompatibility complex | and Il (MHC-I/11). These protein complexes are
responsible for tumor antigen presentation for recognition by T cells (MHC-1:CD8+ and
MHC-I11:CD4+) and thus represent an essential step of tumor targeting by the immune
system. MHC-I1 expression has been positively correlated with improved response to PD-1
blockade, as well as prolonged overall survival and response rate, which was confirmed in a
larger cohort in the context of a multiplexed panel integrating MHC-11 with PD-L1
immunofluorescence [49]. Unsurprisingly, higher MHC-11 expression in this study was also
correlated with increased CD4+ and CD8+ T cell infiltrate in the immune microenvironment
[50]. Further exploration of the role of MHC-II has elucidated a mechanism for this: tumors
with high levels of MHC-II positivity are more dependent of both PD-1 and Lag-3, a known
MHC-II inhibitory receptor. Upon development of acquired resistance to PD-1 therapy,
Lag-3 was found to be upregulated in MHC-II positive tumors [51]. More recently, a study
by Rodig et al evaluated MHC-1 and MHC-II expression in pretreatment biopsy samples
among patients enrolled in CHECKMATE-064. This analysis demonstrated that patients
with MHC-I11 expression >1% correlated with increased likelihood of stable disease, partial
or complete response as compared with progressive disease upon treatment with PD-1
inhibition (nivolumab). MHC-I1 expression did not predict response to CTLA-4 inhibition
with ipilumumab. However, lower levels of MHC-1 expression (defined as <30%) did
correlate with increased likelihood of progressive disease upon treatment with ipilimumab
with an impressive negative predictive value of 100% [52]. Using a panel of over 1500
patient samples comprised of ~1/3 melanoma tumors, Chowell et al determined that
maximal heterozygosity at MHC-I loci improved overall survival upon treatment with
checkpoint blockade. In a melanoma-specific cohort, they identified two HLA supertypes
associated with CTLA-4 inhibition treatment outcome: the HLA-B44 supertype was
associated with prolonged survival, while the HLA-B62 supertype was associated with
decreased survival. Based on molecular dynamic simulations, this negative association was
explored and is thought to be related to the HLA-B*15:01 allele, though mutations in this
gene were not found to change overall survival [53].

4.4 Immune Metabolism

An emerging approach to understanding response to checkpoint blockade relies on insights
into the immune metabolism. Harel et al recently performed proteomic profiling of advanced
melanoma clinical samples, performing high-resolution mass spectrometry on ~4,500
proteins per sample. Statistical analysis led to the finding that ICI-sensitive tumors had
higher oxidative phosphorylation and lipid metabolism as compared to ICI-resistant tumors.
Molecular studies demonstrated that increased lipid metabolism increased antigen
presentation, thus providing a mechanistic link to ICI sensitivity [37].

5. HOST BIOMARKERS

5.1 Gut Microbiome

Higher gastrointestinal microbiodiversity is associated with positive response to ICI [54].
This has been demonstrated in a panel of metastatic melanoma patients undergoing
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treatment with PD-1 inhibition, where both higher alpha diversity (defined as within-sample
diversity) and relative abundance of bacteria of the Ruminococcaceae family were seen in
responders as compared to non-responders to PD-1 inhibition. The authors hypothesize that
this effect is due to enhanced systemic and antitumor immune responses mediated by
increased antigen presentation and improved effector T cell function. As proof-of-concept,
they conducted fecal transplant from stool samples of either ICI responder or non-responder
patients in mice and showed that animals receiving fecal transplant from responder patients
had improved response to anti-PD-1 treatment after xenografting with BRAFVY600E
melanoma cell line [55]. This finding was recapitulated by Matson et al; evaluation of stool
samples from metastatic melanoma patients prior to ICI treatment identified bacterial
species Bifidobacterium longum, Collinsella aerofaciens, and Enterococcus faecium to be
enriched in responders as compared to non-responders [56].

Given the association with microbiome diversity, it is unsurprising that patients who
consume greater dietary fiber and thus have increase diversity of gut flora have better
responses to ICI. Spencer et al showed that patients who consumed a high-fiber diet (as
assessed by self-report) were five times more likely to respond to anti-PD-1 treatment as
compared to patients who consume low-fiber diets (AACR abstract 2019 2838/24). This is
also supported by the observation that patients undergoing treatment with PD-1/PD-L1
inhibition had worse outcomes by nearly double if they had prior antibiotic treatment
(defined as antibiotic use >30 days prior to initiation of ICI); this finding was independent of
antibiotic class. No association was found with concurrent ICI and antibiotic treatment was
found. The authors hypothesize that this observation suggests a “priming” effect of the gut
microbiome in response to ICI that is altered with prior but not concurrent antibiotic use
[57].

5.2 Stress

Murine models seeking to elucidate the effect of stress on treatment response identified that
psychologic distress caused elevated plasma corticosterone and upregulated the expression
of glucocorticoid-inducible factor Tsc22d3, which ultimately blocked interferon-gamma
related T cell activation. Mice were xenografted with a NSCLC murine solid tumor cell line,
then treated with anti-PD-1 monoclonal antibody and subjected to stress via social defeat
(controlled encounter with an aggressor mouse). As compared to mice that did not undergo
such stress, the socially defeated mice showed less response to PD-1 inhibition [58].

5.3 Peripheral Blood Markers

Numerous markers obtained on routine peripheral blood checks have also been evaluated.
Elevated LDH, neutrophil count, and neutrophil/lymphocyte ratio correlate with low rates of
response to either single-agent PD-1 inhibition or combination checkpoint blockade [59, 60].
However, this may be more representative of the general prognostic nature of these
biomarkers rather than any predicative power specific to ICI. Both low absolute lymphocyte
count and lack of increased absolute lymphocyte count upon treatment correlate with poor
response to ipilimumab monotherapy [61].
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6. BIOMARKERS OF IMMUNE MEDIATED ADVERSE EVENTS

While application of ICI has dramatically improved patient outcomes in metastatic
melanoma, it has also brought a new set of treatment-related toxicities, termed immune-
related adverse events (irAEs). These toxicities most commonly manifest in as rash
(dermatitis), hepatitis and colitis, but nearly every organ system in the human body is known
to at risk for irAE. Some rare toxicities, including myocarditis and neuritis, can be fulminant
and lethal [62, 63]. It is estimated that irAE of grade 3 or higher leads to the discontinuation
of ICI in 4-45% of patients, with lower rates of toxicity-related discontinuation observed in
single-agent anti-PD-1 treatment and higher rates seen in dual CTLA4/PD-1 blockade [64].

6.1 B Lymphocytes

A 2014 genetic analysis of four families with heterozygous CTLA4 mutations demonstrated
T cell and B cell dysregulation associated with increased risk of autoimmunity (Kuehn et al).
While the effects of T-cell mediated autoimmunity has well-studied in the context of irAE,
B-cell changes are also implicated. Das et al evaluated a cohort of advanced melanoma
patients receiving single-agent or combination checkpoint blockade and observed changes in
absolute B cell counts before and after combination therapy. Within their cohort, the severity
of B cell decline after treatment was correlated to both time of toxicity onset and grade of
maximal toxicity (i.e. greater decrease in B cells correlated with more toxicities). They have
developed a profile of B cell change after combination checkpoint blockade which includes
percentage change of B cell number after therapy (<70% baseline) with a two-fold or greater
increase in either CD21lo B cells or plasmablasts. The median time by which B cell changes
preceded clinical irAE was 3 weeks [65]. Unlike T cell changes, B cell changes correlated
with irAE only and not tumor response to treatment.

6.2 Cytokines

Because of their importance in immune cell activation and recruitment, numerous cytokines
have been evaluated for their ability to predict irAE. Fujimura et al evaluated levels of
tumor-associated macrophage associated chemokine CXCR5 and soluble CD163 in a cohort
of 46 Japanese patients with metastatic melanoma treated with anti-PD-1 inhibitor
nivolumab; about half (45%) of these patient developed irAE, consistent with larger trials.
These proteins were chosen for study given their validated association with other
autoimmune disease such as rheumatoid arthritis, atherosclerosis, pemphigus vulgaris, and
bullous pemphigoid. Serum analysis in melanoma patients of CXCL5 and sCD163 prior to
nivolumab treatment and at day 42 showed a significant increase in SCD163 levels in
patients with irAE as compared to those without adverse events (sensitivity 72%, specificity
75%). Similar studies have also correlated baseline serum IL-17 levels with development of
grade 3 colitis in melanoma patients treated with ipilimumab [66] and baseline IL-6 and
IL-8 levels with generalized irAE [67]. More recently, Lim et al developed and validated a
cytokine toxicity score (CYTOX) integrating expression data of 11 cytokines as baseline and
during early treatment (within first 14 days) to predict irAE in patients treated with
combination PD-1/CTLA-4 checkpoint blockade [68].

Expert Rev Anticancer Ther. Author manuscript; available in PMC 2021 February 05.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nebhan and Johnson Page 10

6.3 Autoantibodies

Specific autoantibodies have positively associated with organ-specific manifestations of
irAE. For example, higher baseline levels of antithyroglobulin antibody was associated with
increased likelihood of nivolumab-induced thyroid dysfunction [69]; baseline presence of
diabetes autoantibodies was associated with earlier presentation of irAE after treatment
initiation in patients treated with PD-1 inhibitors [70]. An interesting area of future research
will be understanding paraneoplastic autoantibody profiles in patients treated with ICI,
particularly given the recent approval of atezolizumab in small cell lung cancer, where as
many as 10% of patients may develop paraneoplastic syndrome.

7. PERSONALIZATION OF IMMUNE CHECKPOINT INHIBITOR SELECTION

As a primary goal in the implementation of biomarkers is to select the best possible
treatment for an individual patient, we consider three clinical scenarios of advanced
melanoma in which such biomarkers stand to improve patient care.

7.1 Monotherapy versus Combination Checkpoint Blockade

Although seemingly the most accessible decision point, developing reliable markers to guide
this decision has been challenging. Initial reports from the phase I11 study of nivolumab vs.
nivolumab + ipilimumab suggested that patients with high PD-L1 experienced equivalent
outcomes with both monotherapy and combination therapy. However, with longer follow up,
and with incorporating multiple relevant endpoints (PFS, OS, response rate), using PD-L1 as
a stratifying factor has at least largely fallen out of favor. Other molecular markers (TMB,
MHC-II expression) may be useful but have not been thoroughly studied in combination
treated patients compared with single agent; thus the relative benefit remains unclear. At this
time, many clinicians use a composite of clinical biomarkers, including high LDH, increased
tumor bulk, non-cutaneous (vs. cutaneous) primaries, and presence of brain or liver
metastases (as well as good performance status) as factors pushing toward combination
therapy.

7.2 Targeted Therapy versus Immune Checkpoint Inhibition

At least two biomarkers can help make this decision: BRAF and KIT mutations, which
confer sensitivity to BRAF/MEK and KIT inhibitors, respectively. However, the choice
between first-line targeted vs. ICI remains an area of great controversy. Currently, a phase 111
study (DREAMSEQ); ) is comparing combination ipilimumab and nivolumab with
dabrafenib and trametinib (with crossover to the other arm at progression) in patients with
untreated BRAF V600 mutant melanoma. Many clinicians favor ICI front-line in most
patients without rapidly progressive or symptomatic disease, given the durable responses
observed. However, more recent data suggests that patients who have excellent clinical
outcomes to BRAF/MEK inhibitor therapy are typically those with low-volume disease [71].
Moreover, we have shown that patients who have poor outcomes to front-line ICI also tend
to do poorly with second line BRAF/MEK inhibitor therapy [72]. Thus, populations who do
well with both immune and targeted therapy likely at least partially overlap.
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7.3 Adjuvant Treatment

Despite the dearth of reliable data in the metastatic setting, the adjuvant setting remains even
more poorly understood from a biomarker standpoint. Very little molecular work has been
done to understand correlates of outcomes in patients receiving adjuvant anti-PD-1 therapy,
although one might expect that these would be overlapping with markers of benefit in the
metastatic setting. Clinically, anti-PD-1 therapy was associated with benefit in essentially all
subgroup analyses (including by PD-L1 levels) in the phase 111 studies leading to their
approval. Similarly, it remains unclear how to determine whether adjuvant anti-PD-1 or
BRAF/MEK inhibitor should be used in resected BRAF mutant stage 111 disease.

8. EXPERT OPINION

Advanced melanoma has been transformed by the advent of effective immunotherapy, but
some patients fail to respond. The lack of response in some patients, coupled with the
toxicities of combination immunotherapy, suggests that biomarkers will play a large role in
tailoring therapy moving forward. Biomarkers could stratify patients into those that will
respond to single agent anti-PD-1, those that require combination ipilimumab and
nivolumab, and those that need alternative strategies (either immune or non-immune
therapies).

To date, in our opinion, the most promising biomarkers for melanoma have been tumor-
based, and have primarily related to those focusing on the tumor and microenvironment.
First, PD-L1, which has been very useful in many tumor types to select anti-PD-1 or anti-
PD-L1 therapy, is only weakly (but consistently) correlated with response in advanced
melanoma [6]. While not likely to have great utility on its own, PD-L1 expression could
potentially be integrated with other biomarkers to help predict response more broadly.
Second, tumor mutational burden has been correlated with outcomes to anti-PD-1
monotherapy, although the relation with combination therapy remains to be seen, and no
prospective validation has been performed in advanced melanoma [16]. The drawbacks to
mutation burden are somewhat obvious, in that it requires an expensive test with longer
turnaround time. However, as testing becomes cheaper and more efficient, and with the need
to genomically profile tumors for actionable targets, this may be a feasible approach as well.
Third, the expression of MHC-I1 on tumor cells has now been validated in several studies,
both with our group (with anti-PD-1 monotherapy [42], in one case integrated with PD-L1
expression [65]) and as a correlative analysis of a prospective study of nivolumab and
ipilimumab given sequentially [44]. MHC-II has also correlated with response in Hodgkin
lymphoma [66], suggesting that it may have value in other cancer types. Many other
approaches, including those based on flow cytometry, gene expression profiling, and
multiplexed immunofluorescence have also demonstrated predictive value, although the
clear “winner” remains to be seen [67].

Microbiome and blood-based biomarkers also hold promise, although the predictive capacity
of these modalities remains somewhat less clear. Microbiome based analysis is particularly
intriguing, given the potential of modulating microbiome composition with therapeutic
interventions. At this time, the distinct flora associated with response in different studies,
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and the lack of prospective validation precludes specific microbiome interventions (e.g.,
probiotics) outside the context of a clinical trial.

One other hurdle for biomarker development is the need to supersede clinical factors, many
of which have some predictive value on their own. Tumor bulk, LDH, metastatic stage,
performance status, and prior therapies have all correlated with outcomes [31, 68—70]. Thus,
often expensive and time consuming tests must add value to those generated by clinical
factors. The value of clinical factors, however, is often in patients with extremes of
presentations (e.g., extremely bulky liver and/or brain metastases compared with patients
with very low volume lung metastases), and the great majority of patients with more
“intermediate” presentations are unable to be effectively stratified simply with clinical
factors. Thus, the role of biomarkers will likely continue to increase in the era of
immunotherapy, both in melanoma and in other cancers.
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Article highlights:

Immune checkpoint inhibition has dramatically improved outcomes for
patients with advanced melanoma, but biomarkers predictive of clinical
response are still lacking

Given the complex mechanism of IClIs, biomarkers of advanced melanoma
response to treatment go beyond the tumor-intrinsic properties

Other biomarkers that have been explored include assay of the tumor-immune
microenvironment as well as broader host-specific factors

While it is strongly associated with response to ICI in other tumor types, PD-
L1 expression in melanoma is weakly correlated at best

More research is needed to develop clinically meaningful biomarkers
predictive of response to ICI in melanoma

Further work is also needed to develop widely-applicable biomarkers of irAE
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Figure 1.
Predictive biomarkers of melanoma response to checkpoint inhibition.

1 indicates evidence supporting increased response to checkpoint blockade, | indicates
decreased response to checkpoint blockade.

Expert Rev Anticancer Ther. Author manuscript; available in PMC 2021 February 05.



	Abstract
	INTRODUCTION
	CLINICAL AND INVESTIGATIONAL BIOMARKER ULTILITY
	TUMOR-INTRINSIC BIOMARKERS
	Tumor Mutational Burden
	Tumor Neoantigen Profiles
	Tumor size

	TUMOR MICROENVIRONMENT BIOMARKERS
	PD-L1
	Tumor Infiltrating Lymphocytes
	MHC-I/II
	Immune Metabolism

	HOST BIOMARKERS
	Gut Microbiome
	Stress
	Peripheral Blood Markers

	BIOMARKERS OF IMMUNE MEDIATED ADVERSE EVENTS
	B Lymphocytes
	Cytokines
	Autoantibodies

	PERSONALIZATION OF IMMUNE CHECKPOINT INHIBITOR SELECTION
	Monotherapy versus Combination Checkpoint Blockade
	Targeted Therapy versus Immune Checkpoint Inhibition
	Adjuvant Treatment

	EXPERT OPINION
	References
	Figure 1.

