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Predictive biomarkers for checkpoint inhibitor-based

immunotherapy

Geoffrey T Gibney, Louis M Weiner, Michael B Atkins

The clinical development of checkpoint inhibitor-based immunotherapy has ushered in an exciting era of anticancer
therapy. Durable responses can be seen in patients with melanoma and other malignancies. Although monotherapy
with PD-1 or PD-L1 agents are typically well tolerated, the risk of immune-related adverse events increases with
combination regimens. The development of predictive biomarkers is needed to optimise patient benefit, minimise
risk of toxicities, and guide combination approaches. The greatest focus has been on tumour-cell PD-L1 expression.
Although PD-L1 positivity enriches for populations with clinical benefit, PD-L1 testing alone is insufficient for
patient selection in most malignancies. In this Review, we discuss the status of PD-L1 testing and explore emerging
data on new biomarker strategies with tumour-infiltrating lymphocytes, mutational burden, immune gene
signatures, and multiplex immunohistochemistry. Future development of an effective predictive biomarker for
checkpoint inhibitor-based immunotherapy will integrate multiple approaches for optimal characterisation of the

immune tumour microenvironment.

Introduction

The immune system is important in cancer cell
surveillance and elimination, and immune evasion of
cancer cell populations by various mechanisms is
considered one of the hallmarks of cancer.! The cancer
immunity cycle described by Chen and Mellman?
describes the foundation for strategies involved in
augmenting antitumour immune responses. These
strategies include steps such as: cancer antigen release
and presentation by dendritic cells, priming and
activation of peripheral immune cells, trafficking and
infiltration of T cells to the tumour compartment, and
tumour-cell recognition and immune-mediated cell
death. The steps after priming and activation of
peripheral immune cells result in what has been
described as the T-cell inflamed phenotype, which
includes the local production of chemokines, interferon
signalling, and expansion of CD8+ cytotoxic T cells.?
Mechanisms of tolerance are common, such as
upregulation of PD-L1 and IDO in response to
interferon vy,* which diminishes the ability for immune-
mediated tumour eradication (figure). Immunotherapies
are thought to be most effective in patients with this
T-cell inflamed phenotype.

High-dose interleukin 2 and adoptive T-cell transfer
have shown that durable clinical benefit can be achieved
with immunotherapy in patients with advanced
malignancies.** Focus has now shifted to targeted
manipulation of immune checkpoints. The CTLA-4
antibody ipilimumab was the first approved checkpoint
inhibitor after it improved overall survival in patients with
advanced melanoma in two randomised phase 3 trials.”
However, objective responses are low with ipilimumab
monotherapy and 22% of patients with advanced
melanoma survived at least 3 years after therapy, based on
pooled data from past ipilimumab studies.’ Greater
clinical activity has been shown in melanoma when either
the PD-1 or PD-L1 checkpoint is targeted. The anti-PD-1
agents pembrolizumab and nivolumab are now approved
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by the US Food and Drug Administration (FDA) for
patients with advanced unresectable melanoma and non-
small-cell lung cancer (NSCLC). Objective responses are
seen in 40-45% of patients with melanoma who were
given pembrolizumab or nivolumab in the firstline
setting and 20% of patients with NSCLC after failure of
chemotherapy.”™ Nivolumab is also FDA approved as
second-line therapy for patients with metastatic renal-cell
carcinoma, of whom 25% achieved an overall response.”
FDA approvals have been announced for nivolumab in
patients with refractory Hodgkin’s lymphoma and for the
anti-PD-L1 agent atezolizumab in patients with advanced
bladder cancer. Furthermore, promising clinical activity of
these anti-PD-1 and anti-PD-L1 therapies, as well as the
anti-PD-L1 agents durvalumab and avelumab, has now
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Figure: Immune response in the tumour microenvironment

After an immune response directed against tumour cells, immune tolerance can develop in the tumour
microenvironment. Various mechanisms have been described including upregulation of tumour cell PD-L1 and
dendritic cell and macrophage IDO expression in response to interferon y signalling, upregulation of additional
checkpoints (eg, LAG3), and enhanced regulatory T-cell function. These events serve both as potential therapeutic
targets and predictive biomarkers. MHC I=major histocompatibility complex .
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been shown in a wide range of solid tumour and
haematological malignancies.”

The CheckMate 067 trial,” which compared nivolumab
plus ipilimumab with ipilimumab monotherapy and
nivolumab monotherapy in patients with metastatic
melanoma, confirmed higher antitumour activity with
combination immune checkpoint blockade than
monotherapy. In CheckMate 067, 181 (58%) of 314 patients
given the combination regimen achieved objective
responses, and progression-free survival was longer than
that in the ipilimumab monotherapy and nivolumab
monotherapy groups. Data emerging for combined
therapy with nivolumab plus ipilimumab in other disease
types, such as small-cell lung cancer and renal-cell
carcinoma, have also shown enhanced clinical activity.”*
However, the risk of immune-related adverse events, such
as dermatitis, colitis, and hepatitis, substantially increases
with combination checkpoint blockade.” In the CheckMate
067 trial, severe immune-related adverse events (grades 3
or 4) occurred in 172 (55%) of 313 patients given nivolumab
plus ipilimumab, compared with 51 (16%) of 313 patients
receiving nivolumab monotherapy, and 85 (27%) of
311 patients receiving ipilimumab monotherapy.”

The establishment of predictive biomarkers for
checkpoint immunotherapy is therefore of utmost
importance to maximise therapeutic benefit. One or
more biomarker approaches that have high positive and
negative predictive values are needed to assist
oncologists in treatment recommendations for patients.
Here, positive predictive value is referring to the
number of correctly predicted responders or survivors
divided by the total number of patients with a positive
biomarker result, whereas negative predictive value is
referring to the number of correctly predicted non-
responders or non-survivors divided by the total number
of patients with a negative biomarker result. Establishing
predictive biomarkers is especially important for more
aggressive treatment strategies, such as the nivolumab

plus ipilimumab combination, in which the risk of
severe (but manageable) toxicities is as high as the
proportion of patients with an overall response.
Biomarkers could be used to stratify patients between
single-agent and combination immunotherapy or to
prioritise when immunotherapy is given (first line vs
salvage). Also, in patients predicted to not respond to
current checkpoint immunotherapies, avoidance of
unnecessary toxicities and use of alternative treatment
strategies would have a major impact on patient care.
So far, multiple biomarker strategies have emerged that
focus on identifying aspects of the T-cell inflamed
phenotype and so-called tumour foreignness (eg,
mutational load, neoantigens) as approaches that are
associated with clinical outcomes for anti-CTLA-4 and
anti-PD-1 or anti-PD-L1 therapies. This Review
investigates the progress of biomarkers as aids to
checkpoint inhibitor immunotherapy in cancer (table).

PD-L1 expression

Direct assessment of PD-L1 expression on tumour cells
is a logical biomarker for the prediction of treatment
response to anti-PD-1 or anti-PD-L1 therapies. Initial
data from the phase 1 study® on the use of nivolumab in
patients with melanoma, NSCLC, renal-cell carcinoma,
prostate cancer, or colorectal cancer supported a potential
role for measuring tumour-cell PD-L1 expression by
immunohistochemistry on tumour biopsy specimens.
Using a threshold of 5% PD-Ll-positive tumour cells
to define PD-L1 positivity, nine (36%) of 25 patients
with PD-Ll-positive disease showed an objective
response to nivolumab, whereas none of the patients
with PD-Ll-negative disease had an objective response.
Subsequent studies have generally shown higher
proportions of patients with an objective response with
anti-PD-1 or anti-PD-L1 therapies in patient populations
with PD-L1-positive disease.” Improved progression-free
survival and overall survival have also been shown in

Details of approach

Malignancies studied Improved clinical outcome association

PD-L10m8193

PD-L1-positive tumour cells, immune cells, or both
Tumour-infiltrating
lymphocyte®* tumour margin or tumour parenchyma
T-cell receptor clonality”

Mutational burden® Whole or targeted exome sequencing to assess

non-synonymous somatic mutations

Neoantigen burden®
data

Immune gene
signatures®**

Assessment of gene expression from the tumour
microenvironment using an automated platform

Multiplex

immunohistochemistry”  and immune cells, including spatial relationships

Immunohistochemistry-based assessment of the proportion of
Immunohistochemistry-based assessment of T cells at invasive

Involves next-generation sequencing of T-cell receptor B chain

Predicted neoantigens derived from whole-exome sequencing

Direct assessment of multiple protein markers on tumour cells

PD-L1=programmed death-ligand 1. NSCLC=non-small-cell lung cancer. PD-1=programmed death-1.

Multiple tumour types  Positive PD-L1 tumour status

Melanoma; multiple
tumour types

Increased CD8+ tumour-infiltrating
lymphocyte density
Melanoma

Melanoma, NSCLC,
bladder cancer

Melanoma, NSCLC

Restricted, clonal T-cell receptor B chain

High mutational count
High neoantigen count
Melanoma

Interferon y or T-cell inflamed profile

Multiple tumour types  Physical interaction with PD-1-positive
and PD-L1-positive cells; others likely
to be determined

Table: Leading tumour biomarker strategies under development for checkpoint immunotherapy
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patients with advanced melanoma and NSCLC when
comparing PD-Ll-positive versus PD-Ll-negative
subgroups.®?" Notably, companion PD-L1 immuno-
histochemistry diagnostic assays are approved by the
FDA for use in patients with advanced NSCLC and
bladder cancer, but PD-L1 positivity is only a requirement
for treatment with pembrolizumab in patients with
NSCLC. However, patients whose disease is
PD-Ll-negative by immunohistochemistry can still
achieve clinical benefit with anti-PD-1 or anti-PD-L1
therapies. Indeed, objective responses in patients with
PD-Ll-negative tumours have been observed in most
studies, usually ranging from 11% to 20%, and
proportions of patients with an overall response as high
as 41% with nivolumab monotherapy, and 54% with
nivolumab plus ipilimumab in the CheckMate 067
melanoma study.*” These data indicate that the negative
predictive value of anti-PD-1 or anti-PD-L1 therapies is
suboptimal and is as low as 58% for nivolumab, and 45%
for nivolumab plus ipilimumab regimen for patients
with melanoma (based on CheckMate 067 data).

The poor reliability of PD-L1 immunohistochemistry as
a biomarker for anti-PD-1 or anti-PD-L1 therapies is
probably the result of multiple variables. First, PD-L1
expression is regulated by various mechanisms, including
the MAPK and PI3K or Akt pathways, transcriptional
factors HIF1, STAT3, and NFkB, and epigenetic factors.”
It can also be expressed by other immune cells in the
tumour microenvironment. Aside from copy number
gains of the PD-L1 gene (CD274) that potentially leads to
constitutive expression, as seen in Hodgkin's lymphoma,?
PD-L1 expression can be transient, and intrapatient and
even intratumour heterogeneity in PD-L1 tumour
expression can exist.” Therefore, tumour sampling at one
timepoint or at only one tumour site or a portion of one
tumour might not accurately reflect the state of the PD-1
or PD-L1 axis in a patient. A second important variable is
the poor uniformity in the PD-L1 immunohistochemistry
antibodies and different thresholds for PD-L1 positivity
that are being used.” For example, the 22C3 anti-PD-L1
antibody clone was used to assess PD-L1 expression in the
pembrolizumab  studies, whereas the anti-PD-L1
immunohistochemistry antibody 28-8 clone used in
nivolumab studies. Positivity thresholds for PD-L1
expression for the studies vary, with some using a value of
1% or more of tumour cells, and others using a value of
50% or more. However, no studies have reported a
threshold for which the positive predictive value or
negative predictive value approaches 100%. Another
important aspect is that PD-L1 immunohistochemistry
alone does not take into account factors that could impede
the anti-PD-1 or anti-PD-L1 therapy response, such as
whether or not active immune-cell engagement of the
PD-1 or PD-L1 axis occurs in the tumour micro-
environment, or whether other concurrent suppressive
immune pathways (eg, IDO, FoxP3+ regulatory T cells,
and lymphocyte-activation gene 3 [LAG3]) are present.
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Despite theselimitations, PD-L1immunohistochemistry
does play an important role in the stratification of patients
included in anti-PD-1 or anti-PD-L1 therapy trials.
Ensuring an equal distribution of patients with PD-L1-
positive tumours in comparative cohorts has been
necessary to avoid the introduction of bias because of
biological differences. Data indicate that PD-L1 expression
status might help guide therapy when multiple treatment
options are available. For example, data on patients with
advanced NSCLC in the phase 1 study of pembrolizumab
(KEYNOTE-001)" showed that the proportion of patients
with an objective response was 45% in patients
with PD-L1-positive tumours (defined as PD-L1 positivity
by immunohistochemistry in =50% of tumour cells),
compared with 11% in those with PD-L1-negative tumours
(defined as PD-L1 positivity by immunohistochemistry in
<1% of tumour cells). On the basis of data similar to that
from the KEYNOTE-001 trial, patients with NSCLC whose
tumours are PD-Ll-negative might benefit equally or
more from an alternative therapeutic approach, such as
chemotherapy or a different immunotherapy strategy.”
This idea is supported by the subgroup analysis on PD-L1
status reported in the CheckMate 057 trial” of second-line
nivolumab versus docetaxel in patients with non-
squamous NSCLC, in which longer progression-free
survival and similar overall survival were seen in patients
given docetaxel who were PD-L1 negative. Notably, PD-L1
positivity has also been proposed as a biomarker for
choosing anti-PD-1 monotherapy over the combination
regimen nivolumab plus ipilimumab on the basis of
initial data from the CheckMate 067 trial.” In this trial,
the median progression-free survival was the same
(14 months) in patients with PD-L1-positive melanoma
given either nivolumab or nivolumab plus ipilimumab.?
However, updated data from the trial has now shown
longer progression-free survival (and higher proportions
of patients with an overall response) with nivolumab plus
ipilimumab than with nivolumab alone in patients with
PD-Ll-positive melanoma.® On the basis of these
findings, PD-L1 immunohistochemistry alone is not yet
an adequate biomarker for routine clinical use in deciding
which patients to offer anti-PD-1 or anti-PD-L1 therapy
to, and which patients would benefit equally from
monotherapy versus combination anti-PD-1 or anti-PD-L1
therapies.

Tumour-infiltrating lymphocytes

Lymphocyte infiltration in tumour biopsy samples has
been associated with improved survival in retrospective
studies of patients with a range of cancers such as
colorectal cancer, melanoma, and NSCLC.** Similarly,
the presence of ectopic lymph node-like structures within
solid tumour masses, such as colorectal cancer and
melanoma metastases, might predict better patient
survival.® Data have also shown that patients with
stage III NSCLC given chemoradiation have longer
progression-free survival and overall survival when CD8+
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tumour-infiltrating lymphocyte density is high in
pretreatment biopsy samples compared with those with a
low CD8+ tumour-infiltrating lymphocyte density.* The
immune recognition of these tumours is thought to
result in a hostimmune response or T-cell inflamed
tumour phenotype, which improves disease control
through immune mechanisms, and might serve as a
prognostic biomarker. The presence of the T-cell inflamed
tumour microenvironment has also been associated with
clinical benefit from immunotherapies such as the
MAGE-A3 vaccine and high-dose interleukin 2.
Therefore, baseline tumour-infiltrating lymphocyte status
could also serve as a predictive biomarker for checkpoint
inhibitor immunotherapy.

In a phase 2 study® of ipilimumab in patients with
metastatic melanoma, baseline tumour-infiltrating
lymphocyte status was not associated with clinical
activity (either complete or partial response, or stable
disease lasting =24 weeks). However, increases in
tumour-infiltrating lymphocyte density in tumour
biopsy samples collected after the second dose of
ipilimumab were associated with significantly greater
clinical activity with ipilimumab than samples without
increases in lymphocyte density. Subsequently, Tumeh
and colleagues” analysed the relationship between
tumour-infiltrating lymphocytes and response to
pembrolizumab in patients with melanoma enrolled
on the KEYNOTE-001 study. Tumour-infiltrating
lymphocyte density was quantified both in the tumour
parenchyma and at the invasive tumour margin.
Pretreatment tumour samples showed higher CD8+
(but not CD4+) T-cell densities at the invasive margin
and within the tumour parenchyma in responding
patients than in patients with disease progression.
Similar to the observation with ipilimumab, an increase
in CD8+ T-cell density was seen in serial biopsy samples
of tumours during anti-PD-1 treatment in the responding
group, but not in the disease progression group. Another
study*® of patients with melanoma given anti-PD-1
therapy showed a modest association between CD8+,
CD3+, and CD45RO+ T-cell densities in pretreatment
samples of responders versus non-responders (response
was defined as complete or partial response or stable
disease lasting >6 months). After anti-PD-1 treatment,
the associations were more significant. Although these
findings are intriguing, baseline CD8+ T-cell density
overlapped between the patients with a response and
those with disease progression, which hinders the
establishment of an absolute cutoff as a clinically useful
predictive biomarker.

T-cell receptor clonality

Tumeh and colleagues?” further investigated whether
baseline tumour-infiltrating lymphocytes had a narrow
T-cell receptor repertoire focused on a tumour-specific
immune response and whether this narrow repertoire
correlated with response to pembrolizumab.

Next-generation sequencing was done on pretreatment
melanoma tumours to capture all uniquely rearranged
variable T-cell receptor f-chain regions. Of the
23 patients with available response and sequencing
data receiving pembrolizumab treatment, 12 (52%)
patients had an objective response and 11 (48%) had
disease progression. T-cell receptor B chain usage was
more restricted (ie, a more clonal, less diverse
population) in the responding patient group than in
those with disease progression. Furthermore,
pretreatment and post-treatment biopsy samples
showed a ten-times increase in these clones after
anti-PD-1 therapy in the responding group compared
with the disease progression group, which implies a
tumour-specific response to therapy for these patients.
Notably, baseline T-cell receptor clonality did not highly
correlate with tumour-infiltrating lymphocyte density,
which suggests that some patients whose tumours have
a low tumour-infiltrating lymphocyte density might still
benefit from anti-PD-1 therapy if the tumour-infiltrating
lymphocyte population has restricted T-cell receptor
clonality specific to the tumour antigen. This hypothesis
needs to be further validated in a large patient
population and might require identification of the
recognised tumour antigens before such an approach
could be applied as a biomarker.

Mutational or neoantigen burden

Preclinical studies have identified neoantigens
produced by somatic mutations in passenger genes of
tumour cells as primary drivers of antitumour adaptive
immune responses.** Rooney and colleagues” showed
that immune cytolytic activity, measured by intra-
tumoural perforin 1 and granzyme B gene expression
(presumably produced by effector lymphocytes), is
associated with higher mutational count, and they
predicted antigenic neoepitopes in a range of solid
tumour malignancies. Their findings support the idea
that tumour types with high mutational burdens will be
more responsive to immunotherapy strategies. Indeed,
melanoma and lung cancer are predicted to have the
greatest number of neoantigens and are responsive to
checkpoint immunotherapies.” Further support for the
role of somatic mutations and neoantigens in immune
activity is provided by phase 2 data® of pembrolizumab
in patients with mismatch repair-deficient colorectal
cancer (in whom the mutational burden was >20 times
higher than repair proficient cancer) versus mismatch
repair-proficient colorectal cancer. In the updated data®
of 53 patients with advanced colorectal cancer, the
proportion of patients with an objective response was
50% in patients with mismatch repair-deficient
tumours versus 0% in patients with mismatch repair-
proficient tumours. Progression-free survival and
overall survival were also longer in patients with
mismatch repair-deficient tumours than mismatch
repair-proficient tumours and responses were durable.”
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The use of mutational or neoantigen burden has also
been studied as a predictive biomarker in patients given
checkpoint inhibitor immunotherapies. In a study by
Snyder and colleagues® of 64 patients with advanced
melanoma given ipilimumab or tremilimumab (also a
CTLA-4 inhibitor), a mutational load of more than
100 non-synonymous somatic mutations based on
tumour whole-exome sequencing was associated with
long-term clinical benefit (defined as radiographic
evidence of freedom of disease or other evidence of
stable disease or decreased volume of disease for
>6 months). This mutational load cutoff was associated
with longer overall survival compared with patients with
a lower mutational load (p=0-04 in the discovery set and
p=0-10 in the validation set by log rank test).
Furthermore, a neoepitope signature based on major
histocompatibility complex (MHC) class I presentation
was highly associated with clinical outcome with overlap
in neoepitopes predicted to occur in many responding
patients. A similar study of 110 patients with melanoma
given ipilimumab and analysed by whole-exome
sequencing showed that mutational and neoantigen
load (>100 non-synonymous somatic mutations or
neoantigens) were associated with clinical benefit from
ipilimumab.* Clinical benefit was defined as complete
or partial response or stable disease with overall survival
longer than 1year, according to Response and Evaluation
Criteria in Solid Tumors (RECIST) criteria. However,
the study showed that, of the 75179 unique neoantigens
identified, only 28 (0-04%) occurred in more than one
patient who showed clinical benefit®? Using the
neoepitope signature developed by Snyder and
colleagues,” clinical benefit was not predicted by the
predetermined neoepitope panel in this patient cohort.
These findings suggest that most neoantigens associated
with immunotherapy benefit are patient specific.

With regards to anti-PD-1 or anti-PD-L1 therapy, Rizvi
and colleagues® showed that higher mutational and
neoantigen burdens were associated with durable clinical
benefit (partial or stable response lasting >6 months) in a
study of patients with NSCLC given pembrolizumab.
High mutational burden (2178 non-synonymous
mutations) and neoantigen burden were both associated
with significantly longer progression-free survival.
Similar results have been shown in a study by Johnson
and colleagues™ of 65 patients with advanced melanoma
given either nivolumab, pembrolizumab, or atezolizumab.
High mutational load (measured by hybrid capture-based
next-generation sequencing) was associated with
response to therapy and long median progression-free
survival and overall survival. In addition, the phase 2
study® of atezolizumab for locally advanced and
metastatic urothelial carcinoma showed a higher
mutational load by targeted exome sequencing in patients
achieving a complete or partial response than those with
stable disease or progressive disease as their best
response. However, another study* of 38 patients with

31
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advanced melanoma who were given either
pembrolizumab or nivolumab showed that high
mutational burden correlated with overall survival, but
not with objective response to therapy. This finding
suggests that high mutational or neoantigen burden
might be important in measuring immune antitumour
activity, and it might serve as a prognostic factor or a
predictor of clinical benefit (or both) with checkpoint
immunotherapy depending on the patient population
that is being studied.

Low neoantigen intratumour heterogeneity might also
be important—in addition to the total mutational or
neoantigen tumour burden—for immunotherapy
response. McGranahan and colleagues” showed that in
seven primary NSCLC tumours, neoantigen heterogeneity
varied considerably, with an average of 44% of neoantigens
found only in subsets of tumour regions. Furthermore,
they” analysed The Cancer Genome Atlas (TCGA) data on
NSCLC adenocarcinoma and showed that a combination
of high mutational burden (upper quartile of entire
cohort of NSCLC in TCGA) and low neoantigen
intratumour heterogeneity (<1%) to be more significantly
associated with longer survival time (irrespective of
treatment) than either variable alone (notably, this
association was not observed in the NSCLC squamous
cell cohort). Using a similar approach with data from the
study by Rizvi and colleagues® of pembrolizumab in
patients with NSCLC, McGranahan and colleagues”
found durable clinical benefit in patients whose tumours
had high mutational burden and low intratumour
neoantigen heterogeneity (<1%) compared with patients
with high mutational burden alone (p=0-006). Similarly,
longer progression-free survival (p=0-0017) and overall
survival (p=0-008) were observed when mutational
burden and intratumoral heterogeneity were accounted
for compared with mutational burden alone.”
For example, 12 (92%) of 13 patients with melanomas
showing a low neoantigen subclonal fraction (<5%) and
high mutational burden (=70, which was the median
clonal neoantigen level of the cohort) had durable clinical
benefit with pembrolizumab. These characteristics
appeared to have a stronger association with durable
clinical benefit than mutational burden alone, which was
originally used by Rizvi and colleagues.”

Peripheral blood markers

Testing of peripheral blood markers is a non-invasive
source of potential biomarkers in patients receiving
immune checkpoint therapies. Although associations
with clinical benefit and survival have been noted, none
so far have been validated as predictive biomarkers in
prospective studies. For ipilimumab studies, improved
overall and progression-free survival was associated with
baseline values including low absolute neutrophil count
(<7500 cells/pL), low neutrophil to lymphocyte ratio (<3),
low absolute monocyte count (<650 cells/pL), low
frequency of myeloid-derived suppressor cells (<5-1%),
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high frequency of FoxP3+ regulatory T cells (=1-5%),
high frequency of lymphocytes (=10-5%), and high
eosinophil count (250 cells/pL ).** Dynamic changes
with treatment have also been associated with clinical
benefit to ipilimumab in patients with melanoma,
including decreasing concentrations of FoxP3+ regulatory
T cells, increasing absolute lymphocyte counts, and
increasing eosinophil counts.”* Some overlapping
findings have been observed in anti-PD-1 therapy studies.
In a retrospective study* of various available data,
including 607 patients with melanoma given
pembrolizumab, baseline elevated eosinophil count
(=1-5%) and elevated lymphocyte count (=17-5%) were
both associated with improved overall survival. In a
phase 1/2 study® of nivolumab plus multipeptide vaccine
in patients with advanced melanoma, decline in
regulatory T-cell populations during treatment and low
baseline antigen-specific CD8+ T-cell populations
(recognising NY-ESO-1 and MART-1) were associated
with patients who had either an objective response or
stable disease. In a similar study® of patients with
resected stage IIIC or IV melanoma, higher baseline
regulatory T-cell (p=0-0583) and myeloid-derived
suppressor cell (p=0-1718) populations were seen in
patients who relapsed than those who didn’t relapse.
Assessment of peripheral T-cell populations—
particularly the T-cell receptor gene sequences or
reactivity to neoantigens—could have a potential role as a
predictive biomarker. In a pilot study by Postow and
colleagues,” the pretreatment peripheral blood T-cell
receptor repertoire diversity assessed using the
ImmunTraCkeR test was correlated to patient outcomes
with ipilimumab treatment (n=I12 patients in study
cohort). Increased T-cell receptor gene richness (e, a
repertoire containing many different V-] rearrangements)
and evenness (ie, evenly distributed frequencies) were
significantly associated with clinical benefit (response or
stable disease lasting =9 months). However, neither was
associated with a significant difference in overall survival,
which might be a result of the small sample size.
Alternatively, autologous blood lymphocytes can be
tested for T-cell recognition of patient-specific
neoantigens predicted from tumour whole-exome
sequencing. This method was used in studies
with ipilimumab (patients with melanoma) and
pembrolizumab (patients with NSCLC).*** In patients
with a response to anti-CTLA-4 and anti-PD-1 therapies,
predicted human leucocyte antigen-restricted peptides
were synthesised and used to screen ex vivo autologous
T-cell reactivity using high-throughput approaches. The
individual peptide sequences responsible for T-cell
activation were then identified. Notably, T cells
recognising these neoantigens were an exceptionally
small proportion of the overall population of peripheral
T cells at baseline, but the frequency of this population
substantially increased during therapy. Although this
approach shows proof of principle for antitumour

neoantigen-specific T-cell recognition, its application to
broader patient populations might be limited by technical
complexities.

Immune gene signatures

A wider assessment of active innate and adaptive immune
responses within the tumour microenvironment by gene
expression profiling might effectively predict clinical
benefit to checkpoint inhibitor strategies. A retrospective
analysis® of patients with advanced melanoma given
ipilimumab in a phase 2 clinical trial (CA184004) provided
evidence that gene expression profiling could indeed be a
useful predictive biomarker. In this analysis,” total RNA
was extracted and analysed in 50 pretreatment tumour
biopsy specimens. Patients were categorised as having
clinical activity (objective response or protracted stable
disease) or no clinical activity with ipilimumab. Pathway
analyses of the genes that were substantially different
between the patient groups identified the top functional
category as inflaimmatory response. Expression of
22 immune-related genes had at least a 2-5-times
increase, including markers for cytotoxic T cells
(eg, CD8A, granzyme B, perforin 1), Thl cytokines or
chemokines, MHC class II (HLA-DQAI), and other
immune-related genes (eg, NKG7, IDOI). Greater
pretreatment and post-treatment expression values
(eg, CXCL11, CXCR3) were associated with longer overall
survival.

Immune gene signatures, especially those induced by
interferon vy, might be robust biomarkers for predicting
clinical benefit to anti-PD-1 or anti-PD-L1 therapies. This
theory is supported by PD-L1 expression data as already
described, and data from Johnson and colleagues,®
showing that high MHC class II (HLA-DR) expression
was associated with improved clinical response, longer
progression-free survival, and longer overall survival in
patients with melanoma given anti-PD-1 or anti-PD-L1
therapy compared with patients with low MHC class II
expression. Data presented by Ribas and colleages® on a
retrospective analysis of an interferon inflammatory
immune gene signature and response to anti-PD-1 therapy
in patients with advanced melanoma has shown further
promise. In this study” 19 patients enrolled on the
KEYNOTE-001 trial were chosen for a discovery set, of
whom 11 had an objective response to pembrolizumab
(according to RECIST). Pretreatment tumour was
analysed for a custom immune gene expression panel. An
interferon y score was developed that was based on a
10-gene signature, which was then expanded to a 28-gene
signature in a validation set involving 62 patients with
melanoma. The genes included those encoding
interferon y (IFNG), granzyme A and B (GZMA and
GZMB), and perforin 1 (PFR1), IDO1, LAG3, and other
immune-related genes (panel). Both the 10-gene and
28-gene scores showed significant correlation with best
overall response and progression-free survival (a non-
significant association with overall survival was also
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observed). Optimisation of the interferon-y score cutoff on
the basis of a receiver operating characteristic curve was
able to achieve a positive predictive value of 59% for
responder status and a negative predictive value of 90%
for non-responder status

Multiplex immunohistochemistry

Direct assessment of both tumour and immune-cell
phenotypes and their spatial relationships by multiplex
immunohistochemistry techniques provides information
on the immune state of the tumour microenvironment
that might be superior or complementary to gene
expression profiling. These techniques involve serial
staining of tumour slides with individual primary
antibodies for the proteins of interest and detection by
either chromogenic or immunofluorescence methods.”
Current approaches allow for the assessment of up to
four chromogen colours and up to five fluorescent dyes
using standard fluorescent microscopes (or up to eight
fluorescent dyes with a multispectral camera). This
multispectral method appears to have the greatest
potential for clinical applications. For example, a
multispectral immunohistochemistry platform was
developed to analyse CD3, CD8, FoxP3, CD163, and
PD-L1 on melanoma tumour slides to predict which
patients would successfully generate tumour-infiltrating
lymphocytes for adoptive cell therapy.” The presence of
CD8+ T cells alone was insufficient to predict successful
tumour-infiltrating lymphocyte growth. However, the
CD8+ T cell to CD3+FoxP3+ regulatory T-cell ratio was
strongly associated with successful tumour-infiltrating
lymphocyte growth (p=0-006; positive predictive value of
91%, negative predictive value of 86%). By incorporation
of PD-L1+ (all cells), the negative predictive value
increased to 100%. Similar applications to other
immunotherapies are possible with this approach.

The use of multiplex chromogenic and immuno-
fluorescence methods were reported by Tumeh and
colleagues” on baseline melanoma tumour samples
collected from patients who received pembrolizumab in
the KEYNOTE-001 trial. The physical interaction between
PD-1+ and PD-L1+ cells, as determined by the relative
proximity between these two cell populations, was
associated with response to anti-PD-1 therapy (p=0-005 vs
non-responders). The same investigators then showed
that CD8 positivity was significantly associated with
PD-L1 expression, on the basis of Spearman’s correlation
analysis at both the tumour and the invasive margin.
Similarly, the samples with high CD8 and PD-L1
expression were significantly associated (p<0-001) with
the response group whereas those with low CD8 and
PD-L1 expression were associated with the progression
group (p<0-001). Colocalisation of PD-1+ and CD8+ was
shown to be high in individual cells in the tumour
microenvironment using multipleximmunofluorescence.
The authors also report on the ability to characterise
PD-Ll-expressing cells with stains for SOX10 (melanoma
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cell nuclear transcription factor) and PD-L1. Cells staining
for both markers were identified as PD-Ll-positive
tumour cells, whereas PD-Ll-positive cells negative for
SOX10 were characterised as lymphocytes (high nucleus
to cytoplasm ratio) or macrophages (low nucleus to
cytoplasm ratio).

Combined biomarker strategies

Strategies that combine two or more methods for
capturing the immune status of the tumour micro-
environment might be more effective as a composite
predictive biomarker for immune checkpoint inhibitor
therapy. High tumour PD-L1 expression can be present
even when tumour-infiltrating lymphocyte counts are
low, and tumours with high tumour-infiltrating
lymphocyte density might not express PD-L1.9¢ In both
scenarios, clinical activity of anti-PD-1 or anti-PD-L1
monotherapy might be low but could be inaccurately
predicted to be high if either PD-L1 status or tumour-
infiltrating lymphocyte density alone were used as a
biomarker. Similarly, not all high mutational or
neoantigen burden tumours show signs of pre-existing
immune activity, which is thought to be one of
the prerequisites for immunotherapy approaches.*”

Panel: 28-gene panel associated with clinical benefit in
patients with melanoma treated with pembrolizumab*

» IL2RG
» HLA-DRA
« CCR5
+ SLAMF6
+ CXCR6
» PTPRC
- (D3E
- CXCL13
- (D3D
- CXCL9
« GZMK
« CXCL10
- (D2

« CCL5

« IFNG

- IDO1

« ITGAL
« NKG7
« HLA-E
- LAG3
» TAGAP
« GZMA
+ GZMB
« STAT1
- ClITA
» PRF1

» PDCD1
« (XClL11
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Multiple concurrent immune-suppressive mechanisms
can also be present in the tumour microenvironment,
including CTLA-4, PD-L2, LAG3, IDO1, and
interleukin 10, which are likely to become important
targets for identification as novel combination therapy
strategies become available.

Gene expression profiling approaches, such as the
interferon y score, incorporates multiple immune variables
that might be able to accurately predict responders and
non-responders to various immunotherapies. However,
mRNA concentrations of PD-L1 (and other checkpoints or
immune factors) might not be as reliable as immuno-
histochemistry because of post-transcriptional regulation.
Alternatively, the mRNA might be expressed by other cell
populations such as dendritic cells and thus have different
implications. ~ Similarly, the multiplex immuno-
histochemistry techniques allow for quantification of
multiple proteins and cell populations within the tumour
microenvironment, but have limitations associated with
the number of markers that can be examined at one time,
and the need for validation steps each time the panel of
markers is changed (eg, to exchange LAG3 for IDO1).

The potential benefit from a combined biomarker
approach is supported by biomarker data presented at the
2016 ASCO Annual Meeting® and 2015 European Cancer
Congress® on patients with NSCLC who participated in
the phase 1/2 trial of durvalumab. Pretreatment
biopsy  specimens were analysed for PD-L1
immunohistochemistry and immune gene expression
(mRNA analysis). Of the 100 genes tested, IFNG was most
correlated with response to treatment. The proportion of
patients with an objective response for the 200 evaluable
patients with NSCLC was 16%. In patients whose tumours
were PD-L1-positive (threshold of 25%), the proportion of
patients with an objective response was 27%. A similar
proportion of patients with an objective response (33%)
was seen in the patients with interferon y-expressing
tumours. In patients with both dual PD-L1-positive and
interferon y-positive tumours, the proportion of patients
with an objective response was 46%. Notably, patients
with dual negative tumours—representing 20% (40 of 200
patients) of the evaluable population—had a proportion of
patients with an objective response of 3%. Overall survival
was longest in patients whose tumours were
interferon y-positive, particularly in the dual PD-L1-positive
group. Although further confirmation is needed, these
provocative findings provide substantial hope that
biomarker strategies with strong positive and negative
predictive values can be developed for routine clinical use
to assist in the checkpoint immunotherapy-based
management of patients with diverse malignancies.

Conclusion

Thus far, use of PD-L1 immunohistochemistry alone has
not been sufficient for ruling in or ruling out the use of
anti-PD-1 or anti-PD-L1 expression-based therapies.
Characterisation of the tumour microenvironment

Search strategy and selection criteria

We identified references for this Review through searches of

"o

PubMed using the search terms “biomarker”, “predictive”,
“mutation”, “tumor infiltrating lymphocytes”,

"TCR repertoire”, “immunotherapy”, “PD-1", “PD-L1", and
“CTLA-4". Articles were also identified through searches of
the authors’ own files. Only papers and presentations or
abstracts published in English between Jan 1, 2008, and June
30, 2016, were included for review. The final reference list
was generated on the basis of originality and relevance to the

broad scope of this Review.

immune state needs to be improved, including the
presence of recognised tumour antigens, effector T-cell
function, and immune suppressive mechanisms. Because
of the potential for redundancy, further investigation into
the relationships between PD-1 and PD-L1 expression,
tumour-infiltrating lymphocytes, the T-cell receptor
repertoire, and mutational or neoantigen burden should
be aimed at creating an optimised model for predicting
response to anti-PD-1 or anti-PD-Ll-based therapies.
Furthermore, specific mechanisms of T-cell exclusion,
such as activation of the WNT/B-catenin signalling
pathway as shown by Spranger and colleagues,” should be
included in future biomarker development. These models
might need to be specific to individual tumour types,
because immune responses do not appear to be uniform
across all malignancies. Not only will it be beneficial to
predict which patients will not respond to PD-1 or PD-L1
monotherapy or PD-1 or PD-L1 therapy in combination
with anti-CTLA-4 agents, thus avoiding potential toxicities,
but an integrated biomarker design should also be able to
guide novel immunotherapy combination strategies to
overcome therapeutic resistance. Biomarker-driven
prospective studies are warranted to confirm these
biomarker approaches before routine clinical use.
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