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ABSTRACT
Background: Tumor microenvironment may have a key role in providing immunological markers that can
help predict clinical response to treatment with checkpoint inhibitors. We investigated whether the
baseline expression of PD-L1 in advanced melanoma patients treated with ipilimumab may correlate with
clinical outcome.
Methods: PD-L1 expression was assessed in 114 patients with advanced melanoma treated with
ipilimumab and, in a cohort of 77 patients, a comprehensive assessment using multispectral imaging to
assess the presence and distribution of CD3C, CD8C, CD163C, FOXP3C and PD-L1C cells inside and at
periphery of the tumor was performed.
Results: PD-L1 status alone was not a predictive biomarker for response or survival. There was an
association between clinical benefit from ipilimumab therapy with the coexistence of low densities of
CD8C and high densities of CD163C PD-L1C cells at the periphery of the tumor.
Conclusions: To explain the association of this peculiar microenvironment with clinical benefit from
ipilimumab, we proposed a model where baseline CD8 cells levels are low due to inhibitory effect of Tregs
and to pro-tumor activity of TAM M2 (CD163C PD-L1C cells). Ipilimumab treatment causes a decrease of
Treg cells, mediated by ADCC from macrophages, with a concomitant change in TAM polarization that
switches from M2 to M1 with a subsequent attraction of CD8 cells and the increase of antitumor response.
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Background

The immune system has a crucial role in melanoma, with sub-
stantial evidence supporting the role of immune populations in
tumor immunoediting.1 Inhibitory checkpoints are used to reg-
ulate T-cell activation and consequently modulate immune
responses. Immunotherapy has long been recognized as a
promising approach to anticancer treatment2 and recent dis-
coveries in basic immunology have resulted in the development
of novel immunomodulating agents, including those that target
specific immune regulatory checkpoints.3 In particular, two
immune inhibitory molecules that have been extensively stud-
ied are cytotoxic T-lymphocyte-associated antigen-4 (CTLA-4)
and programed death-1 (PD-1). CTLA-4 is expressed after the
binding of B7 molecules on antigen-presenting cells (APCs) to
the CD28 receptor on na€ıve T cells and helps to extinguish the
immune activator signal induced by B7 and CD28.4 PD-1 is a

co-receptor expressed on activated and exhausted T and B cells
that negatively regulates T cell activation. PD-1 interacts with
two ligands: B7-H1 (PD-L1), the main mediator of the immu-
nosuppressive response, and B7-H2 (PD-L2). Binding of PD-1
by its ligands leads to T-cell inactivation and inhibition of effec-
tor function.5,6

Tumor cells can use these physiological checkpoints in their
favor and, in addition, many tumor cells can increase expres-
sion of PD-L1 in response to secretion of interferon (IFN)-g by
tumor-reactive T cells infiltrating the tumor, increasing these
inhibitory molecules precisely at sites of effector T cell attack.7,8

From this evidence was born the idea that specific antibodies
directed to suppress this increased inhibition of the immune
system in the cancer microenvironment could reinvigorate T
cells and mediate cancer eradication by preventing the inactiva-
tion of an effector anti-tumor immune response.9
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Ipilimumab, a monoclonal antibody (IgG1) directed against
CTLA-4, is able to restore the co-stimulatory activity of CD28,
thereby increasing the number of activated T cells that can
migrate to the tumor and mediate therapeutic effects. It was the
first immunotherapy for metastatic melanoma to show a bene-
fit in overall survival (OS) in a randomized phase III trial.10

However, a major limitation of ipilimumab is the lack of a
prognostic marker that can identify the 20% of patients likely
to benefit from treatment, as the expression of the drug target
(CTLA-4) at the tumor site does not appear to be able to pre-
dict response.11

Other immunomodulating antibodies, such as nivolumab,
target the PD-1/PD-L1 pathway and reactivate T cell-mediated
and innate anti-tumor immunity,12 thereby eliciting objective
responses in a substantial percentage of patients with mela-
noma.13 In contrast to CTLA-4, PD-L1 expression on tumor
cells in patients with melanoma or non-small cell lung cancer
(NSCLC) does offer a clinically relevant predictive marker of
response to therapy.14,15

Unfortunately, the absence of biomarkers that may predict
treatment response to ipilimumab, as monotherapy or in com-
bination, remains a major limitation in the management of
patients with melanoma.16 However, recent appreciation of the
importance of the relative frequencies of antitumoral effector
immune cells (CD8C lymphocytes) to their inhibitors, specifi-
cally cells expressing FoxP3 and PD-L1 within and at the
periphery of the tumor, suggests that careful evaluation of the
host-immune reaction to melanoma may be a critical element
in predicting response. Thus, the local tumor microenviron-
ment may be the key in providing molecular or immunological
markers that predict clinical response to different treatments.
As such, identifying specific biomarker patterns may result in
effective treatment allocation.

Given the role of PD-L1 expression in treatment with anti-
PD-1/PD-L1 inhibitors and based on the premise that CTLA-4
and PD-L1 play different but complementary roles in the regula-
tion of adaptive immunity, we retrospectively investigated
whether the expression of PD-L1 could predict response to ipili-
mumab treatment by evaluating possible correlations between
baseline levels of PD-L1 and clinical outcomes in a cohort of mel-
anoma patients. Baseline characteristic of the tumor microenvi-
ronment were also evaluated for a predictive/prognostic role.

Methods

Patients, treatment and clinical assessment

From June 2010 to January 2013, 114 patients with advanced-
stage IV melanoma received ipilimumab monotherapy as part
of an Expanded Access Program (EAP)17 at the National Can-
cer Institute “G. Pascale” in Naples, Italy. The study was
approved by the internal ethics board of the National Cancer
Institute “G. Pascale” and all patients provided written
informed consent at time of biopsy. All patients were treated
with ipilimumab 3 mg/kg administered intravenously over 90
minutes, every 3 weeks for four doses. Disease evaluation was
performed at baseline and after completion of induction ther-
apy using immune-related response criteria (irRC).18 Clinical
response was defined as immune-related complete response

(CR), partial response (PR), stable disease (SD) or progressive
disease. Immune-related disease control rate (DCR) was
defined as an CR, PR or SD lasting �3 months.

Immunohistochemistry

FFPE (formalin-fixed, paraffin-embedded) tissue blocks of mel-
anoma biopsies performed (from 2005 to 2011) were retrieved
from the pathology archives at the National Cancer Institute
“G. Pascale”. Approximately 200 FFPE samples were collected
from 114 patients with metastatic melanoma, all of whom were
subsequently treated with ipilimumab.19 Baseline PD-L1
expression was measured by means of immunohistochemical
(IHC) testing of FFPE tumor sections with the use of a rabbit
monoclonal anti-human PD-L1 antibody (clone 28-8) and an
automated assay developed by Dako. PD-L1 expression quanti-
fication and a re-review of the tumor histology were indepen-
dently performed by two pathologists with extensive experience
with the Dako assay. All standard IHC assessments of PD-L1
were performed by Dako. The assay quantitatively assessed
PD-L1 expression on the surface of tumor cells only, although
expression of PD-L1 on tumor-associated lymphocytes and
macrophages was qualitatively described as either present or
absent.20 The percentage of tumor cell surface marker expres-
sion was correlated with clinical outcomes.

Multispectral imaging

Sections (4 mm thickness) of FFPE blocks identified above
were prepared and stained using antibodies specific for
CD3, CD8, CD163, PD-L1 and FoxP3. Antibody stain-
ing was visualized using the PerkinElmer OpalTM kit
following the recently reported protocol.21 Slides were
scanned using a PerkinElmer Vectra� and resulting
images were evaluated using PerkinElmer InForm�

software. InForm� software was used to characterize
cell populations for multiple markers. The software was
also used to count cells in areas of the invasive margin
or center of the tumor and to assess relative ratios of
cell populations.

Statistical analysis

The association between overall response and PD-L1 expression
was evaluated with the chi-square test. Survival curves were esti-
mated by the Kaplan-Meier method and the log-rank test was
used to investigate differences between groups. Results from this
retrospective study should mainly be considered as exploratory,
so no correction for multiple testing was applied. All analyses
were performed with the IBM-SPSS statistical software v. 21.0.
Unsupervised hierarchical clustering analysis was performed
using the TIBCO Spotfire�, UPGMA clustering method.

Results

Patient characteristics and efficacy

The medium age of the 114 patients was 61 years (range 25–90)
and there were equal numbers of male and female patients
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(n D 57). The majority of patients (n D 66, 57.9%) were BRAF
V600E negative; 37 (32.5%) were BRAF V600E positive and 11
(9.6%) had an unknown BRAF status. Eight patients were
NRAS mutation positive. Fifteen patients (13.1%) had received
no previous treatment, 83 (72.8%) had received one previous
treatment, while the remaining 16 (14.1%) had received two
treatments. None had received three or more previous thera-
pies. The most frequent previous therapies were vemurafenib
(n D 25), cisplatin plus temozolomide (n D 24), dacarbazine
(n D 23), fotemustine (n D 9), temozolamide (n D 8), binimeti-
nib (n D 6), bleomycin plus electroporation (n D 6) and dabra-
fenib (n D 5). A total of 75 (65.8%) patients had received four
cycles of ipilimumab, 16 (14.0%) patients received three cycles
(two stopped at the third cycle because of toxicity), 14 (12.3%)
received two cycles and nine (7.9%) received just a single cycle;
one patient was not evaluable due to a rapid disease progres-
sion. Immuno-related DCR was 23% (n D 25); 11 patients
achieved a complete response (CR; 10.1%), four patients had
partial responses (PR; 3.7%), and 10 patients maintained stable
disease (SD; 9.2%) while 84 patients had progressive disease
(PD; 77%).

Correlation of PD-L1 expression with response and overall
survival

PD-L1 expression by standard IHC analysis was evaluable for
109 patients: 52 biopsies were from lymph nodes, 45 from skin,
six from subcutaneous tissue and one from each of the spleen,
muscle, liver, gallbladder, bowel and brain. FFPE tissue blocks
of melanoma biopsies were obtained on patients up to
72 months prior to initiation of ipilimumab; 67 were from 1–
12 months, 21 from 13–24 months, and 16 from 25–72 months
(5 unknown).

Response to ipilimumab by PD-L1 status is shown in Table 1.
Using a 5% PD-L1 tumor cell expression threshold value to
define status, patients with negative PD-L1 expression had
10.2% CR, 2.3% PR, 11.4% SD and 76.1% PD, while PD-L1-
positive patients had 9.5% CR, 9.5% PR, 0% SD and 81% PD
(p D 0.18). Using a 1% PD-L1 tumor expression cut-off,
patients with negative PD-L1 expression had 10.8% CR, 2.7%
PR, 12.2% SD and 74.3% PD while patients with positive PD-
L1 expression had 8.6% CR, 5.7% PR, 2.9% SD and 82.9% PD
(p D 0.37). Thus, no significant correlation between the levels
of PD-L1 and overall response were observed using either a 5%
or a 1% tumor cell expression threshold to define PD-L1
expression status.

With regard to survival, median OS was 11 months for
patients with positive PD-L1 expression and 12 months (p D
0.79) for patients with negative PD-L1 expression when using a
5% PD-L1 tumor expression cut-off. Using a 1% PD-L1 tumor
expression threshold, median OS for PD-L1 positive patients
was 12 months, versus 13 months for patients with negative
PD-L1 expression (p D 0.56). Thus, no statistically significant
difference between the two groups of patients was observed
with no correlation between PD-L1 status and OS (Fig. 1).

Baseline PD-L1 expression was further evaluated by factor-
ing in the site of origin of the tumor sample and comparing
nodal and skin melanoma excisions (Supplementary Fig. S1).
In nodal excisions, based on 5% tumor expression, median OS
was 11 months for PD-L1 negative patients and 5 months for
PD-L1 positive patients (p D 0.86). Using 1% tumor expres-
sion, there was a median OS of 11 months in both groups (p D
0.92). In skin excisions, there was a median OS of 14 versus
15 months for PD-L1 negative patients and PD-L1 positive
patients (p D 0.76) when using a 5% tumor expression thresh-
old, while median OS was 16 months for PD-L1 negative
patients and 14 months for PD-L1 positive patients (p D 0.73)
using a 1% threshold. No clear correlations between the levels
of PD-L1 in these two different sites of tumor involvement and
OS were identified.

The possibility that time between biopsy/resection and start
of ipilimumab treatment may have an effect on the correlation
between expression of PD-L1 in the tumor lesions and out-
comes was also investigated. Impact of the time interval
between time of the biopsy used for the assessment of PD-L1
status and beginning ipilimumab treatment was assessed by

Table 1. Correlation between PD-L1 status and overall response (OR).

PD-L1 < or �5 expression PD-L1 < or �1 expression

Response to ipilimumab N (%) N (%) N (%) N (%)

Complete response 9 (10.2) 2 (9.5) 8 (10.8) 3 (8.6)
Partial response 2 (2.3) 2 (9.5) 2 (2.7) 2 (5.7)
Stable disease 10 (11.4) 0 9 (12.2) 1 (2.9)
Disease progression 67 (76.1) 17 (81.0) 55 (74.3) 29 (82.9)

p D 0.18 p D 0.37

Figure 1. Correlation between PD-L1 status and Overall Survival (OS). (a) Using 5% PD-L1 tumor cells expression cut-off to define negative/positive status, for patient >5%
the median OS is 11 months, meanwhile for patients <5% the median OS is 12 months (p-value 0.79). (b) Using 1% PD-L1 tumor cells expression cut-off to define negative/
positive status, for patient >1% the median OS is 12 months, meanwhile for patients <1% the median OS is 13 months (p-value 0.56).
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separately analyzing 6, 9 and 12 months’ biopsy-therapy inter-
val groups (Supplementary Fig. S2). Median OS was 12 versus
13 months for lesions excised �6 or >6 months before ipilimu-
mab treatment (p D 0.61), 14 versus 12 months for lesions
excised �9 or >9 months before (p D 0.45), and 14 versus
12 months for lesions excised � 12 or >12 months before (p D
0.53). Thus, there was no evidence of a correlation between the
time interval from excision of the evaluated tumor sample and
the start of ipilimumab treatment and OS.

Impact of mutational status was evaluated by stratifying
patients into three groups: BRAF wild-type (WT), BRAF
V600E mutant, and NRAS-mutant (Supplementary Fig. S3).
OS was 17 months for BRAF-WT, 11 months for BRAF V600E
and 16 months for NRAS-mutant patients (p D 0.05). When
these three groups were further stratified by PD-L1 status using
a 5% cut-off, median OS was 26 months for BRAF-WT,
15 months for BRAF V600E and 5 months for NRAS-mutant
in PD-L1 positive patients (p D 0.04). In PD-L1 negative
patients, median OS was 14 months for BRAF-WT, 11 months
for BRAF V600E and 18 months for NRAS-mutant groups
(p D 0.21). Using 1% cut-off, median OS was 15 months for
BRAF-WT, 10 months for BRAF V600E and 5 months for
NRAS-mutant groups in PD-L1 positive patients (p D 0.07)
and 13 months for BRAF-WT, 11 months for BRAF V600E
and 18 months for NRAS-mutant groups in PD-L1 negative
patients (p D 0.32). This analysis indicates that a positive PD-
L1 status is associated with a better OS both for BRAF-WT and
BRAF V600E mutant patients while a positive PD-L1 status in
NRAS-mutant patients is associated with a worse OS. These
findings were statistically significant in the NRAS-mutant
group, with a better OS in negative PD-L1 patients, but the

relevance of this association is limited due to the presence of
only a few NRAS-mutant patients in this cohort.

Correlation of PD-L1 expression and other immune
markers

Density of CD8C T cells was quantified and the median density
number determined. Patients with lower than median number
of CD8C T cells had a significantly longer median OS than
patients with higher numbers of CD8C T cells (18 versus
10 months; p < 0.04) (Fig. 2). Patients that were at or above
the median density for CD163C macrophages expressing PD-
L1C had a significantly improved median OS compared to
patients with a lower density of PD-L1C macrophages (16 ver-
sus 14 months; p < 0.05). Interestingly, the cohort with the
highest density of CD163C PD-L1C cells contained all of the
long-term survivors. We also combined the evaluation of
CD8C T cell numbers at the invasive margin (< or � median)
with the evaluation of CD163C PD-L1C expressing cells
(< or � median); while the numbers were small, patients with
less than the median number of CD8C T cells at the invasive
margin combined with higher numbers of CD163C PD-L1C at
the invasive margin survived significantly longer after ipilimu-
mab therapy than any other group (median OS of 32 months;
p < 0.01).

Ratio of CD8:FoxP3C and CD8:PD-L1C cells does not
correlate with response

Recently we reported that the co-evaluation of CD8C T cells,
FoxP3C cells and PD-L1C cells using multispectral imaging

Figure 2. Correlation between PD-L1 status with CD8 and CD163. (a) Median OS in patients with low CD8C/PD-L1- is 18 months and in patients with high CD8C/PD-L1- is
10 months (p-value 0.04); (b) median OS in patients with low CD163CPD-L1C is 14 months and in patients with high CD163CPD-L1C is 16 months (p-value 0.05); (c)
median OS in patients with a low CD8C/PD-L1- and high CD163C/PD-L1C in invasive margin is 32 months, in patients with a low CD8C/PD-L1- and low CD163C/PD-
L1C in invasive margin is 16 months in patients with a high CD8C/PD-L1- and high CD163C/PD-L1C in invasive margin is 11 months, in patients with a high CD8C/PD-
L1- and low CD163C/PD-L1C in invasive margin is 6 months (p-value 0.01).
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allowed us to identify cell-cell relationships, specifically CD8:
FoxP3 and CD8:PD-L1 ratios that, when analyzed using unsu-
pervised hierarchical clustering algorithms, correlated with the
ability to isolate tumor-reactive T cells from a viably processed
piece of the same tissue used for multispectral imaging. Thus,
we hypothesized that, by applying that strategy to the patients
studied here, we might find a correlation between those ratios
and objective response. As shown in Fig. 3, the unsupervised
hierarchical clustering did not enrich for patients who experi-
enced a response to ipilimumab. Unexpectedly, there were no
objective responses in the patients with the highest ratios of
CD8C:FoxP3 or CD8C:PD-L1.

Discussion

PD-L1 is a potential predictive biomarker of response to anti-
PD-1 monotherapy in patients with advanced melanoma. Mul-
tiple anti-PD-1 studies have shown a better response rate in
patients with positive PD-L1 expression compared with PD-L1
negative patients, although the limited value of a negative find-
ing is well recognized. In fact, depending on the study, it
appears that between 20–40% of melanoma patients that are
defined as PD-L1 negative may experience benefits from anti-
PD-1 therapy.22

Based on the complementary roles of CTLA-4 and PD-L1 in
regulating adaptive immunity, we evaluated whether there is a
correlation between pre-treatment tumor expression of PD-L1
and ipilimumab-related outcomes. Our analysis shows that
PD-L1 status does not correlate with and is not a predictive bio-
marker for response or survival in patients with advanced mel-
anoma treated with ipilimumab monotherapy. These initial

data suggest that the treatment outcome with ipilimumab is
not influenced by the state of the immunological checkpoint
operated by PD-L1, unlike in the case of treatment with anti-
PD-1s. The finding is not entirely surprising, as ipilimumab
and anti-PD-1 agents have different mechanisms of action and
are believed to primarily act in two distinct immunological
environments. Anti-PD1s such as nivolumab exert their action
by interfering with checkpoints controlled by PD-L1 and
PD-L2 during the effector phase of T cell-mediated tumor
destruction and directly in the tumor microenvironment, while
ipilimumab is thought to act primarily during the priming
phase in peripheral immune compartments and possibly
through an effect on regulatory T cells. Another factor that
may help explain our findings is that PD-L1 is a protein
expressed on the surface of cells whose expression can be influ-
enced by several factors. In some cases, PD-L1 may be constitu-
tively expressed, while in other cases its expression level may
continuously vary, especially in tumor environments where the
immune system provides multiple stresses.23-25

Preliminary data, obtained using an immunoprofiling
approach, have shown the possibility that taking into consider-
ation the distribution of immune populations in the melanoma
microenvironment may provide useful information about the
prediction of response to ipilimumab therapy.19,26 Based on
our initial findings and, in view of the inability of PD-L1
expression to predict outcomes to ipilimumab therapy, we per-
formed a comprehensive assessment of the tumor immune
microenvironment using multispectral imaging to extend the
analysis and capture the relationships and distribution of
CD3C, CD8C, CD163C, FOXP3C and PD-L1C cells, expect-
ing that a model incorporating more than one immunologic

Figure 3. Unsupervised hierarchical clustering. Unsupervised hierarchical clustering of CD8C:FoxP3C and CD8C:PD-L1C ratios for the invasive margin (left) and the cen-
ter of the tumor (right). The color is a continuing spectrum with dark red indicating the maximum ratio and dark blue indicating the lowest ratio. Patient identifiers are
shown to the right of each column with patients experiencing either a CR, PR or SD circled with the corresponding color.
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factor may better capture the complexities of the tumor micro-
environment (Fig. 4). The findings of these analyses demon-
strated an association between response to ipilimumab and the
coexistence of low densities of CD8C and high densities of
CD163C PD-L1C cells at the tumor invasive margin.

These results are somewhat surprising, as they differ from
commonly observed relationships between CD8C cells and
outcomes, where higher densities of CD8C cells, both intratu-
moral and at the invasive margin, are typically associated with
better outcomes in many types of cancer.27 Possible reasons for
the discrepancy may include, among others, the nature of the
cohort that consisted of patients with metastatic disease, who
had failed other therapies and already successfully escaped
immune surveillance, the biology of the response mechanism
to ipilimumab and the possibility that different tumor compart-
ments (intra- and peritumoral) may play different roles. Addi-
tionally, the length of the time interval between when the
tumor sample was obtained and when the patient ultimately
received ipilimumab, as well as the potential heterogeneity of
the metastatic disease, could have contributed to these findings.
Furthermore, the data differ from described relationships
between response to anti-PD-1/PD-L1 therapies and effector
T-cells at the invasive margin,28 where high densities of T-cells,
often associated with an adaptive expression of PD-L1, corre-
late with response to anti-PD-1/PD-L1 therapies.

These results are, however, compatible with previous find-
ings29 which indicated that an increase of tumor-infiltrating
lymphocytes (TILs) in the tumor from baseline to the third
week of treatment with ipilimumab was related to a better out-
come in patients and that baseline high expression of T-cell
suppressive factors such as FoxP3 and IDO is associated with

better outcomes with ipilimumab.29 A possible mechanism
underlying this paradoxical relationship could reflect the ability
of ipilimumab to reverse FOXP3C regulatory T cell-mediated
active suppression of T-effector cells. In this model, the identi-
fied low CD8C densities at the tumor invasive margin would
represent a marker of a highly immunosuppressive microenvi-
ronment established and maintained by ongoing Treg mediated
T-effector cell inhibition, while the high density of CD163C
macrophages would represent a marker of the potential revers-
ibility of this inhibition via an antibody-dependent cell-medi-
ated cytotoxicity (ADCC) macrophage ipilimumab-mediated
depletion of FOXP3 ;T-effector suppressing Tregs. Of note, this
model is consistent with the recent finding that ipilimumab res-
ponders have higher CD68C:CD163C macrophage ratios at
baseline in the tumor microenvironment and show decreased
Treg infiltration after treatment as well as with the demonstra-
tion of ADCC-mediated lysis of Tregs via the engagement of
FcgRIIIA expressing monocytes.30

Novel proposals on the classification of the tumor based on
TILs and different biomarker expression are currently being
advanced.27,31 Among these is a model that classifies tumors in
four groups based on the expression of PD-L1 and the presence
or absence of TILs: adaptive immune resistance (PD-L1-posi-
tive and TIL-positive), immune ignorance (PD-L1-negative
and no TIL), intrinsic induction (PD-L1-positive and no TIL),
and immune tolerance (PD-L1-negative and TIL-positive).32

Based on this framework, we have tried to propose a model
that can explain our results (Fig. 5).

Prior to ipilimumab treatment, low levels of CD8C cells are
caused, in responders, by the inhibitory effects of Tregs and pro-
tumoral tumor-associated macrophages M2 (TAM M2).

Figure 4. Immunohistochemical stain for melanoma tumor samples. PD-L1 chromogenic staining. a) Tumor with low PD-L1 expression and b) Tumor with high PD-L1
expression; Multiplexed IHC for the following markers: PD-L1, CD3, CD8, FoxP3, CD163 and Melanoma cocktail and DAPI as a counterstain; c) Short survival (PD): high
CD8/CD163PDL1 and CD8/FoxP3 expression. d) Long survival (CR): low CD8/CD163PDL1 and CD8/FoxP3 expression;
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Treatment with ipilimumab results in a decrease in Tregs and
possibly a switch from M2 to M1 in TAM polarization.33,34 Pos-
sible mechanistic pathways mediating these effects, in addition to
a direct ADCC macrophage ipilimumab-mediated depletion of
FoxP3 T-effector suppressing Tregs, include the blockade of
CTLA-4, directly inducing a down-regulation of Treg function
and the increase of IFN-g produced by CD4CICOShi cells,35 one
of the actors that mediate the repolarization from TAMM2 phe-
notypes to TAMM1 phenotypes.36 These events, induced by ipi-
limumab treatment, may ultimately mediate an increased
antitumor response due to an increase in the number of CD8 T
cells and M1 macrophages that drive the antitumor effect.

Due to the limitations in the current study, which was based
on a retrospective cohort and assessment of pre-treatment
tumor samples only, which were often obtained a considerable
time before the initiation of ipilimumab therapy, confirmation
of this model is required in prospective studies and through the
analysis of mechanistic models. The findings highlight, how-
ever, the inability of PD-L1 expression alone to predict out-
comes in ipilimumab-treated patients, the unique biology of
the CTLA-4 immune checkpoint, and the urgent need for novel
mechanism-driven comprehensive biomarkers assessment
incorporating the immunoprofiling of the tumor microenvi-
ronment to guide rational checkpoint blockade therapy.37,38
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Statement of translational relevance

A major limitation of ipilimumab in the treatment of patients with
advanced melanoma is the lack of a prognostic marker that can identify
the 20% of patients likely to benefit from treatment, as the expression of
the drug target (CTLA-4) at the tumor site does not appear to be able to
predict response. In this retrospective analysis, PD-L1 status alone was not
a predictive biomarker for response or survival to treatment with ipilimu-
mab in patients with stage IV melanoma. However, there was an associa-
tion between clinical benefit from ipilimumab therapy and the coexistence
of low densities of CD8C and high densities of CD163C PD-L1C cells
at the periphery of the tumor. These data may contribute to the develop-
ment of novel mechanism-driven comprehensive biomarkers assessments
that incorporate immunoprofiling of the tumor microenvironment in
order to help guide rational checkpoint blockade therapy.
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