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Can the plasma PD-1 levels predict the
presence and efficiency of tumor-infiltrating
lymphocytes in patients with metastatic

melanoma?
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Background: The immune response in melanoma patients is locally affected by presence

of tumor-infiltrating lymphocytes (TILs), generally divided into brisk, nonbrisk, and absent.
Several studies have shown that a greater presence of TILs, especially brisk, in primary
melanoma is associated with a better prognosis and higher survival rate.

Patients and Methods: We investigated by enzyme-linked immunosorbent assay (ELISA) the
correlation between PD-1 levels in plasma and the presence/absence of TILs in 28 patients

with metastatic melanoma.

Results: Low plasma PD-1 levels were correlated with brisk TILs in primary melanoma,
whereas intermediate values correlated with the nonbrisk TILs, and high PD-1 levels with
absent TILs. Although the low number of samples did not allow us to obtain a statistically
significant correlation between the plasma PD-1 levels and the patients” overall survival
depending on the absence/presence of TILs, the median survival of patients having brisk type
TILs was 5 months higher than that of patients with absent and nonbrisk TlLs.

Conclusions: This work highlights the ability of measuring the plasma PD-1 levels in order
to predict the prognosis of patients with untreated metastatic melanoma without a BRAF

mutation at the time of diagnosis.
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Introduction

Melanoma is the most aggressive form of skin can-
cer, causing more than 70% of skin cancer-related
deaths and accounting for 3% of new cancer cases
estimated in Italy (http://www.registri-tumori.it).
According to the Italian Cancer Society, an annual
average incidence of 12.5 new melanoma diagno-
ses per 100,000 males and 13.1per 100,000
females were registered.! It is considered to be the
second most frequent neoplasm in youth, with
global incidence rates continuously increasing
over the last few decades, resulting in a poor prog-
nosis with an extremely low 5-year survival rate in

the case of metastatic tumors.?>> Cutaneous mela-
noma can be divided into four major subtypes:
nodular melanoma, superficial spreading, lentigo
maligna melanoma (LMM), and acral lentigi-
nous.* The melanoma onset is caused by complex
interactions between genetic, phenotypic, and
environmental factors.>® Melanomas have been
shown to be genetically and phenotypically heter-
ogeneous tumors harboring different genetic alter-
ations in three main oncogenes: BRAF, NRAS,
and ¢-KIT.” Large-scale analysis of melanoma
exome data discovered six novel melanoma genes
(PPP6C, RACI1, SNX31, TACC1, STKI19, and
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ARID?2), three of which, RACI, PPP6C, and
STK19, harbored potentially targetable muta-
tions. Moreover, RB and p53 pathways are dereg-
ulated in this type of malignancy.® Mutations in
genes encoding the SWI/SNF chromatin-remode-
ling enzymes such as ARIDIA (BAF250A/
SMARCF1), ARID1B (BAF250B), ARID2
(BAF200), and SMARCA4 (BRG1) are involved
in melanoma, in addition to other chromatin
organization/histone modification proteins
(EZH1,EZH2,SETD2, and TRRAP).®

Currently, prevention and early diagnosis are the
most effective strategies for decreasing the occur-
rence of this tumor type and improving its prog-
nosis.® The management of advanced metastatic
melanoma represents an interesting challenge,
because chemotherapy and previous immunolog-
ical therapies showed only a modest efficacy in
curing patients.!%!! Currently, melanoma is con-
sidered to be one of the most immunogenic
tumors, with a tremendous ability to stimulate the
immune reactions in the host organism, by har-
boring a tumor microenvironment (TME) com-
posed of a variety of immune cells, including T
lymphocytes and macrophages. These immune
cells produce a wide spectrum of cytokines,
chemokines, growth factors, and interleukins
(ILs).12-14 Experimental evidence has shown the
capacity of the immune system to be exploited in
the fight against melanoma.!> Therefore, the ther-
apeutic options aimed at enhancing the host
immune response were thoroughly investigated.
Several targeted agents and new immune check-
point inhibitors (e.g. ipilimumab, nivolumab,
pembrolizumab) determined clinically important
progress in treating metastatic melanoma, and
improving the prognosis of patients.16-1° Indeed,
new agents approved by the US Food and Drug
Administration (FDA) since 2011 have played a
key role in improving the survival rates of patients
with metastatic melanoma.?°-23 Monoclonal anti-
bodies targeting mainly programmed death 1
(PD-1) receptor and its ligand (PD-L1), and
cytotoxic T lymphocyte-associated protein 4
(CTLA-4) showed clinically significant advances
in clinical practice.?426 PD-1, mostly expressed
on the surface of activated T cells, B cells, and
myeloid cells, is a type I transmembrane receptor
that belongs to the CD28/CTLA-4 protein super-
family and is involved in the modulation of
immune response. The binding of PD-1 to its
specific ligands PD-L1 and PD-L2 causes the
inhibition of the T-cell activity, induction of
their apoptosis, hindering the T-cell-mediated

targeting of tumor cells and the secretion of IL-1,
IL-4, IL-10, and interferon (IFN)-gamma.?’
Increased PD-1/PD-L1 expression levels in
tumors are associated with a poor prognosis. The
use of monoclonal antibodies blocking PD-1 and
PD-L1 may restore the activity of cancer-specific
T cells, leading to improvements in the overall
survival (OS) and progression-free survival (PFS)
of cancer patients.28:29

The prognosis of patients with cutaneous mela-
noma is mainly associated with the location and
depth of the primary tumor, and the presence or
absence of loco-regional and metastatic disease3°
Moreover, other factors, assessed in primary tumor,
may also affect this prognosis, including the pres-
ence of tumor-infiltrating lymphocytes (TILs),
ulceration, and tumor regression.31-33 Unlike the
noninfiltrating lymphocytes, TILs represent a
selected population of lymphocytes with a higher
specific immunological reactivity against tumor
cells.3! Indeed, the presence of TILs, which are
generally divided into brisk type (infiltrating the
entire base of the invasive tumor), nonbrisk type
(infiltrating melanoma only focally), and absent
(not present, or not infiltrating tumor), has been
shown to locally influence the immune response to
melanoma, contributing to give this tumor a high
immunogenic potential.3%35 Experimental evidence
suggested that a higher abundance of TILs, espe-
cially of brisk type, in primary melanoma is associ-
ated with a more favorable prognosis and a higher
survival rate, regardless of the type of detected
mutation, tumor degree and stage, and histological
subtype.3-38 Furthermore, the analysis of the
immunoregulatory gene expression profiles in
patients with primary melanomas showed that the
several classes of TILs are characterized by a immu-
nophenotypic and functional heterogeneity.?®
Unlike some studies that have reported a certain
discordance in the PD-L1 expression levels between
primary melanomas and their metastases in 50% of
patients, owing to an expression heterogeneity in
melanoma metastases,* instead a few other histo-
pathology studies?>*! seem to support the idea of a
concordance of prognostic and predictive signifi-
cance of TILs between primary melanomas and
their lymph node metastases, probably owing to a
matched clonality of TILs in the primary lesion and
metastatic sites with regard to T-cell receptor.

However, several factors render the TILs to be
unable to eradicate the tumor completely, such as
a low number of specific-tumor lymphocytes,
senescent or anergic TILs, high number of
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immunosuppressive cells in the TME (regulatory
T cells, myeloid-derived suppressor cells, etc.),
and release of immunosuppressive factors (e.g.
indoleamine 2,3-dioxygenase).4?

Recent studies revealed an association between
high PD-1/PD-L1 expression levels in tumor and
antitumor immune response.?%43 Higher PD-L1
expression values positively correlate with a better
response to PD-1/PD-L1 agents in patients with
metastatic melanoma.** The aim of our study is
to investigate the correlation between plasma
PD-1/PD-L1 expression levels and presence/
absence/class of TILs in patients with metastatic
melanoma, thereby determining the potential
ability of the circulating PD-1 levels in predicting
the prognosis of patients with metastatic advanced
melanoma.

Patients and methods

Study population

In the period from January 2016 to March
2018, 41 patients diagnosed with metastatic
melanoma were consecutively enrolled and
treated at the Section of Medical Oncology of
the Department of Surgical, Oncological, and
Oral Sciences of the University of Palermo
(Italy). These patients were selected and con-
sidered eligible for our study based on the fol-
lowing inclusion criteria: (i) histologically
confirmed and well documented diagnosis of
unresectable metastatic melanoma;  (ii)
patients older than 18years with Eastern
Cooperative  Oncology Group (ECOG)
Performance Status (PS) < 2; (iii) therapeutic
treatment-naive patients at the moment of
blood sampling harboring no BRAF muta-
tions; (iv) availability of peripheral blood from
affected patients for the plasma isolation.

All patients were recruited in the study before
starting treatment with PD-1 immune checkpoint
inhibitors (nivolumab and pembrolizumab). We
have excluded the BRAF mutated patients in
order to ensure as much as possible the homoge-
neity of our sample population, because only
patients without BRAF mutation at the diagnosis
can be subjected to a first-line treatment with
PD-1 immune checkpoint inhibitors. In addition,
the exclusion of BRAF mutated patients can be
justified also by the awareness that BRAF muta-
tion alone is not sufficient to induce a detectable
antitumor immune response.4?

Patients with a familial melanoma history or
active or suspected autoimmune disease were
excluded from the study. Written informed con-
sent was obtained from each recruited patient
and the study (G-Land 2017, approval number:
01-03-2017) was approved by ethical committee
(Comitato Etico Palermo 1) of the university-
affiliated hospital AOUP ‘P. Giaccone’ of
Palermo. All clinical information for each
enrolled patient was anonymously recorded and
coded. All enrolled individuals were from a
Southern Italian region (Sicily). Only 28 out of
41 recruited consecutive patients were included
in our investigation, because it was not possible
to obtain the data concerning the presence/
absence of TILs from the histological reports of
the other 13 patients, owing to the difficulty of
identifying the primary tumor directly at the time
of diagnosis.

The clinicopathological characteristics of the
enrolled patients with metastatic melanoma were
summarized in Table 1.

Sample collection and plasma isolation

The peripheral blood samples from patients
untreated with immunotherapy were processed
within 2h of collection, by centrifugation at
2,200¢ for 15min at 4°C in presence of EDTA.
The isolated supernatants (plasma fractions) were
aliquoted in cryotubes and stored at —80°C until
their use for subsequent analysis.

Determination of soluble PD-1 and PD-L1
concentrations in plasma

The plasma PD-1 and PD-L1 levels were meas-
ured by specific homemade enzyme-linked immu-
nosorbent assay (ELISA) assays not yet
commercially available. As some discrepancies
were observed when using kits obtained from dif-
ferent sources, specific ELISA assays produced
by DYNABIO S.A. (Parc de Luminy, Marseille
France) according to our specifications were
used. These specifications included: (i) verifica-
tion by tandem mass spectrometry of the antigen
sequence; (ii) optimization of the assay by testing
all combinations of available monoclonal anti-
bodies in capture and detection, targeting maxi-
mal signal/background ratio and sensitivity
(combinations of two or more antibodies in coat-
ing or detection were also tested to improve per-
formances); (iii) checking sample compatibility
(serum wversus plasma, interference of the matrix);
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Table 1. Clinical and pathological features of patients  Table 1. (Continued)
with metastatic melanoma.

Number of %

Number of % Patients
Patients
Radial (RGP) 2 4.88
All patients 41
Vertical (VGP) 14 34.15
Sex
Radial-vertical 1 2.44
Male 23 56
NA 24 58.53
Female 18 L4

Breslow thickness
Age at diagnosis (years)

<1mm 3 7.32
21-30 2 4.88
1-2mm 8 19.51
31-40 8 19.51
2-4mm 6 14.63
41-50 13 31.71
> 4Amm 11 26.83
51-60 6 14.63
NA 13 31.71
61-70 3 12.20
Clark level
> 170 7 17.07
| 2 4.88
Mean age 50,6
Il 4 9.75
Relapse
11 7 17.07
Yes 32 78
vV 5 12.20
No 9 22
v 3 7.32
*Primary tumor site
NA 20 48.78
Limbs (acral) 1M 26.82
Ulceration
Head and neck 7 17.07
Present 15 36.58
Back 7 17.07
Absent 13 31.71
Uvea 5 12.20
NA 13 31.71
Chest 2 4.88
TiLs
Abdomen 2 4.88
Brisk 10 24.39
Mucosal 2 4.88
Nonbrisk 6 14.63
Unknown 5 12.20
Absent 12 29.27
Histological subtype
NA 13 31.71
Superficial spreading 1M 26.83
(SSM) TILs density
Nodular (NM) 6 14.63 Mild 6/16 3.5
Acral lentiginous (ALM] 1 2.44 Moderate 1/16 6.25
NA 23 56.1 Marked 1/16 6.25
Growth phase NA 8/16 50.0
(Continued)
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Table 1. (Continued)

Number of %

Patients
Tumor regression
Present 4 9.75
Absent 16 39.03
NA 21 51.22
Microsatellitosis
Present 1 2.44
Absent 6 14.63
NA 34 82.93
Metastatic site
Lymph nodes 31 75.61
Lung 19 46.34
Liver 16 39.02
Skin 14 34.15
Bones 9 22.0
CNS 8 19.51
Soft Tissues 8 19.51
Adrenal Gland 6 14.63
Others 18 43.90
Metastasis surgery
Yes 15 36.58
No 26 63.42

ALM, acral lentiginous melanoma; CNS, central nervous
system; NA, not available; NM, nodular melanoma;
RGP, radial growth phase; SSM, superficial spreading
melanoma; TIL, tumor-infiltrating lymphocyte; VGP,
vertical growth phase.

and (iv) ensure that assay can be run at room
temperature for easy handling and robustness.

Both ELISAs followed the same protocol: all steps
were run at room temperature. Plates were coated
overnight with the antibody selected for antigen,
then washed. Remaining binding sites were blocked
to minimize background. The next steps all ended
with plate washing. For the PD-L1 assay, all steps
were performed under shaking. Samples to be tested
were incubated for 3 h. Then, the biotinylated

antibody selected for detection was incubated for
30min, followed by incubation for 15 min with the
avidine—peroxidase conjugate. Finally, the substrate
3,3’,5,5’-tetramethylbenzidine (TMB) was incu-
bated for 15 min, the reaction stopped with H,SO,
and the Optical Density (OD) read at 450 nm.
Concentrations were established by comparison
with a range obtained with known concentrations of
the recombinant antigen.

Studies comparing concentrations of the two mark-
ers measured in serum and plasma from the same
blood collection showed that apparent concentra-
tions in serum were at least 10 times lower than in
plasma. This observation showed that clotting
determined the apparent loss of a large part of the
assayed proteins. Because the mechanism of such
loss is unknown, determination of protein concen-
trations in serum might be affected by factors other
than the patient clinical status. Consequently, the
use of serum samples could be misleading and
should be avoided. For this reason, all samples
assayed in this study were plasmas. We also
observed in both ELISAs an interference of the
plasma matrix, which becomes negligible when
plasma samples are diluted at least 1/5. In the pre-
sent study, all plasma samples were at least diluted
1/5 before assay.

Details of the two ELISA assays are reported in
Table 2.

Statistical analysis

Student’s ¢ and analysis of variance (ANOVA)
tests were used to perform analyses of correlation
between TILs and plasma PD-1 and PD-L1 lev-
els, respectively. Survival analysis was performed
using the Kaplan—Meier method and log-rank
test. Data were generated using the MedCalc soft-
ware for Windows, version 18.2.1 (MedCalc
Software, Ostend, Belgium). Fisher’s exact test
was used to evaluate the immunotherapy response
based on the plasma PD-1 and PD-L1 levels.

p values <0.05 were considered statistically
significant.

Results

Clinico-pathological features of patients with
metastatic melanoma

A total of 41 patients with metastatic melanoma
who met the previously established inclusion
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Table 2. Characteristics of ELISA assays for PD-1 and PD-L1.

PD-L1 PD-1
Coating antibody a-PD-L11.8+ a-PD-16.4
o« PD-L1 2.1
Detection antibody (biotinylated) A-PD-L11.3.1 a-PD-13.1
Detection limit (pg/ml) 20 50

criteria (see the Patients and Methods section)
were recruited and studied at the Section of
Medical Oncology of the University of Palermo
(Italy), by defining the clinical and pathological
features of their melanomas.

A total of 23 patients were men and 18 were
women, with an average age of 50.6 years (range
23-74) at the time of diagnosis. A total of 32 out
of 41 patients (78%) witnessed disease relapse.
Primary tumors were mainly located in the limbs
in 26.82% of patients (11), head—-neck and back
in 34.14% (7 patients for each site), uvea in
12.2% (5), and chest, abdomen, and mucosal in
14.64% (2 patients for each site). The most fre-
quent histological tumor subtypes of patients
enrolled in this study were superficial spreading
melanoma (26.83%), followed by nodular mela-
noma (14.63%), and acral lentiginous mela-
noma (2.44%), where no cases of LMM were
observed.

Regarding the analysis of prognostic factors, a
vertical growth phase melanoma was observed in
14 patients (34.15%), a IV-level Breslow thick-
ness in 11 (26.83%), a Clark level of III and V in
7 and 3 patients, respectively (17.07% and
7.32%), ulceration in 15 cases (36.58%), tumor
regression in 4 (9.75%), and microsatellitosis in 1
individual only (2.44%). Data on TILs was avail-
able only for 28 out of 41 patients. The presence
of TILs was detected in 18 patients by immuno-
histochemical analysis, whereas a lack of TILs
was observed in 12 individuals. About a third of
patients (14) was already harboring metastasis at
the time of diagnosis, and 3 patients died during
our investigation. The main sites of metastatic
localization were the lymph nodes in 31 patients
(75.61%), followed by lung in 19 (46.34%), liver
in 16 (39.02%), and skin in 14 cases (34.15%).
No patients possessed BRAF mutations. The
clinical and pathological features of 41 studied
cases of metastatic melanoma were summarized
in Table 1.

Correlation between plasma PD-1 expression
levels and presence/typology of TILs in patients
with metastatic melanoma

As experimental evidence showed that TILs locally
affect the host immune response to melanoma31:35:37
and PD-1 expression is also associated with an anti-
tumor immune response,0:43-46 41 patients with
metastatic melanoma were enrolled and studied in
order to investigate the presence of a potential cor-
relation between the plasma PD-1 expression levels
with the presence/absence and typology of TILs in
melanoma primary tumors. The analysis of expres-
sion levels of the PD-1 immune checkpoint in
plasma of 41 patients was performed using a specific
ad hoc developed ELISA assay. The histological
reports, in addition to clinical and pathological data
of the patients, have been carefully examined to
extrapolate information on TILs. We obtained the
data concerning TILs from the histological reports
only for 28 out of the 41 examined patients, because
this information is not always reported by patholo-
gists, owing to the difficulty of identifying the pri-
mary tumor directly at the time of diagnosis in some
patients with metastatic melanoma. Consequently,
13 out of 41 patients were excluded from our inves-
tigation owing to the lack of their TIL data. All infor-
mation  concerning presence/absence/typology/
density of TTLs in the primary tumors of 28 patients,
in addition to other patient clinical data, have been
collected in a specific database. TILs were observed
in the primary tumors of 16 out of 28 patients, 10
were of brisk type and 6 were of nonbrisk type,
whereas TILs were completely absent in 12 patients
(Figure 1). The moderate presence of peritumoral
lymphocytic infiltrate was considered as absence of
TILs, whereas a slight amount of intratumoral infil-
trate was considered as presence of TILs. Plasma
PD-1 levels were analyzed based on: (i) the pres-
ence/absence of TILs, (ii) their efficiency (brisk TILs
versus nonbrisk/absent TILs); and (iii) their typology
(brisk versus nonbrisk versus absent TILs) (Figure 2).
Importantly, our analysis revealed that the presence
of TILs, both of brisk and nonbrisk type, in the pri-
mary melanomas correlates with low/intermediate
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13 undetermined TiLs

41 patients

7
™~

l 28 determined TiLs |

10 Brisk

16 present TILs

—~~

| 6 Non-Brisk

12 absent TiLs

Figure 1. Characterization and classification of tumor-infiltrating lymphocytes (TILs) in patients with

metastatic melanoma.

Data about the presence/absence and typology of TILs, extracted by the histological reports and regarding the examined

patients, were summarized in this scheme.

Three different analyses

The plasma PD-1 levels were analyzed in relation to:

1) Presence/absence of TILs ‘ Vs El

2) Efficiency of TiLs - | 10 Brisk| Vs | 18 Non-Brisk/absent |

3) Typology of TiLs | 10 Brisk

Vs I 6 Non-Brisk | Vs | 12 Absent

Figure 2. Analysis of the association between plasma PD-1 levels and tumor-infiltrating lymphocytes (TILs).
This scheme describes three different analysis approaches used to evaluate the plasma PD-1 expression levels in relation to
the (1) presence/absence of TILs (brisk/nonbrisk versus absent), (2] efficiency of TILs (brisk versus nonbrisk/absent), and (3)

class of TILs (brisk versus nonbrisk versus absent).

plasma PD-1 levels, whereas the absence of TILs
correlates with higher plasma PD-1 levels (p =
0.022) (Figure 3). In addition, efficient TILs (brisk
type) in the primary melanoma are associated in a
statistically significant manner with lower plasma
PD-1 levels, whereas the nonefficient TILs (non-
brisk type/absent) show higher PD-1 expression val-
ues (p = 0.014) (Figure 4). Finally, low plasma
PD-1 levels have been shown to be statistically asso-
ciated with brisk TILs in primary melanoma, inter-
mediate values with nonbrisk TILs, and higher
expression levels with absent TILs (p = 0.032)
(Figure 5).

Although the small number of analyzed samples
did not allow us to demonstrate a statistically sig-
nificant association between the plasma PD-1
expression levels and PFS depending on the

absence or presence of TILs (brisk/nonbrisk), the
median PFS of patients with brisk/nonbrisk TILs
and low/intermediate plasma PD-1 levels was
approximately 5 months longer than that of patients
with absent TILs (Figure 6A and C). Furthermore,
when patients with nonbrisk type TILs were
included in the same group along with those with
absent TILs, the difference between survival medi-
ans of the two groups was about 5 months longer in
patients with brisk TILs (Figure 6B).

A further analysis aimed to assess the potential
correlation between plasma PD-L1 expression
levels and TTLs showed no statistically significant
association between presence of TILs (brisk and
nonbrisk) in primary tumor and plasma PD-L1
levels in 28 patients with metastatic melanoma
(Figure 7).
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Brisk/nonBrisk versus Absent

Patients

TiLs Present Absent

PD-1 expression (ng/ml)

Plasma PD-1 expression levels (mean)

Figure 3. Association between plasma PD-1 levels

P =0.022

18.0000

A
-

16.0000 -
14.0000 -
12.0000 -
10.0000 -

| T+
8.0000 - —
6.0000 -
4.0000 -

2.0000 -

0.0000 -

TIL+ TIL -

and present/absent tumor-infiltrating lymphocytes (TILs).

The presence of TILs (brisk and nonbrisk) in primary melanoma is associated in a statistically significant manner with

low/intermediate plasma PD-1 levels. Data are represent

ed as mean = SD (standard deviation). Statistical analyses were

performed by Student’s ¢ test. Values of p < 0.05 were estimated to be statistically significant.

Brisk versus non-Brisk/Absent

Patients
TILs Efficient Not efficient

3.38
7.15
9.67
0.78
10.23
10.87
11.40
12.45
13.55
14.77
15.68
16.16
16.69
17.61
20.05
21.23
24.02
25

Plasma PD-1 expression levels (mean)

PD-1 expression (ng/ml)

Figure 4. Association between plasma PD-1 levels
(TILs).

P=0.014

16.0000 -

14.0000 L D
12.0000 -
10.0000 -
8.0000
6.0000
4.,0000

2.0000

Effic-ient Not efficient
(Brisk) (Non-Brisk/Absent)

and efficient/not efficient tumor-infiltrating lymphocytes

Efficient TILs (brisk] in primary melanoma are associated in a statistically significant manner with low plasma PD-1 levels,

whereas not efficient TILs (nonbrisk/absent) show higher

plasma PD-1 expression values. Data are represented as mean

+ SD (standard deviation). Statistical analyses were performed by Student’s ¢ test. Values of p < 0.05 were estimated to be

statistically significant.

Association between plasma PD-1/PD-L1 levels
and immunotherapy response
The baseline PD-1/PD-L1 expression levels

patients subsequently subjected to first-line
immunotherapeutic treatment (pembroli-
in zumab or nivolumab) were correlated with dif-

the plasma of 28 BRAF-wild type ferent types of therapy response: progressive
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Brisk versus non-Brisk versus Absent

Patients

TiLs Brisk Non-Brisk Absent P=0.032

3.38 18
_ a3

g 16 |
= E
= »n 14
£ g I
°=° @ 12 -
£ -
s 217
2 & s
o &
o (-
] - 6
b} a
< s 4
o £
a a 2
| o
0 : .
Brisk Non-Brisk Absent

Figure 5. Association between plasma PD-1 levels and typology of tumor-infiltrating lymphocytes (TILs).
Brisk TILs are associated in a statistically significant manner with low plasma PD-1 levels, nonbrisk TILs with intermediate
values, and absent TILs with higher expression levels. Data are represented as mean =+ SD (standard deviation). Statistical
analyses were performed by one-way analysis of variance (ANOVA] test. Values of p < 0.05 were estimated to be statistically

significant.

disease (PD), stable disease (SD), partial
response (PR), and complete response (CR).
The best tumor response was assessed accord-
ing to the Response Evaluation Criteria in
Solid Tumors (RECIST), version 1.1.47 This
analysis allowed us to divide patients into two
groups with different prognosis based on the
levels of PD-1/PD-L1 compared with the
median value (12.28ng/ml for PD-1 and
1.23ng/ml for PD-L1). Although the small
number of analyzed samples did not allow us
to demonstrate a statistically significant asso-
ciation (p = 0.07 for PD-1 and p = 0.55 for
PD-L1), two groups with good and poor prog-
nosis were identified for both PD-1 and
PD-L1. Notably, the analysis regarding PD-1
provided correlation data close to be statisti-
cally significant (p = 0.07). A total of 13 out of
28 patients with baseline plasma PD-1 levels
lower than the median showed more frequently
SD (53%) and PR (8%), whereas 15 patients
with values above the median exhibited more
frequently PD (73%) (Table 3). Likewise, 16
patients with baseline plasma PD-L1 levels
below the median exhibited more frequently
SD (43%) and PR (6%), whereas 12 patients
with values above the median showed more
frequently PD (67%) (Table 4). Therefore,
despite the lack of statistical significance,

patients under immunotherapy with baseline
PD-1 and PD-L1 expression below their
respective median values appeared to show a
better clinical outcome compared with those
with plasma PD-1 and PD-L1 levels above the
medians.

Discussion

Melanoma is a poorly differentiated high-grade
malignancy arising from cells producing melanin
pigments called melanocytes. In recent years, its
incidence has shown a gradual increase, leading
to a unfavorable prognosis in the presence of
advanced metastatic disease.?

New therapies targeting immune checkpoints,
especially the CTLA-4 and PD-1/PD-L1 path-
ways, have been recently introduced into clinical
practice. Along with the introduction of new tar-
geted agents, such as BRAF and MEK inhibitors
and immune checkpoint inhibitors, significant
improvements in survival of patients with meta-
static melanoma were observed;* however, the
identification of new biomarkers able to predict
prognosis and therapy response remains one of
major objectives of clinical cancer research, in
order to select patient subsets able to benefit
from a specific therapeutic treatment. Therefore,
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Figure 6. Association between plasma PD-1 expression levels and median PFS in patient groups with different

typology of TlLs.

Based on plasma PD-1 levels, survival analysis was carried out on different patient subpopulations in relation to the (A)
presence/absence of TILs (brisk/nonbrisk versus absent), (B] efficiency of TILs (brisk versus nonbrisk/absent), and (C) class

of TILs (brisk versus nonbrisk versus absent).

Cl, Confidence Interval; PFS, progression-free survival; SE, standard error; TIL, tumor-infiltrating lymphocyte.
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Figure 7. Analysis of association between plasma
PD-L1 levels and tumor-infiltrating lymphocytes
(TILs).

As shown by the scatter plot, no statistically significant
correlation between presence of TILs in primary melanoma
and plasma PD-L1 levels was observed.

Table 3. Contingency table between median PD-1
expression and immunotherapy response.

Immunotherapy treatment response

PD-1  Total PD SD PR
(ng/ml)

<12.28 13 5 (38%) 7 (53%) 1(8%)
=12.28 15 11 (73%) 4 (27%) 0 (0%)

Fisher’s exact test p = 0.07.
CR, complete response; PD, progressive disease; PR,
partial response; SD, stable disease.

the development of personalized clinical
approaches is required in order to hamper the
occurrence of resistance to therapies and, conse-
quently, preventing tumor recurrence.®
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Table 4. Contingency table between median PD-L1
expression and immunotherapy response.

Immunotherapy treatment response

PD-L1 Total PD SD PR
(ng/ml)

<1.23 16 8(50%) 7(43%) 1(6%)
=>1.23 12 8(67%) 4(33%) 0(0%)

Fisher's exact test p = 0.55.
CR, complete response; PD, progressive disease; PR,
partial response; SD, stable disease.

Melanoma shows a high immunogenic potential
suggested by the presence of TILs in the TME.
TILs have been shown to be involved in the pro-
cess of cancer immunoediting and, according to
Clark’s classification adopted by the College of
American Pathologist, are divided into brisk,
nonbrisk, and absent. In addition to this classifi-
cation, the current grading system considers other
parameters including the density of TILs (mild,
moderate, and marked) and their distribution
pattern (focal, multifocal, and diffused).35-50
Numerous studies over the years have shown that
TILs, especially the brisk type, detected in pri-
mary melanoma, are correlated with a good prog-
nosis, increased survival rate, and tumor
regression,31:38:51,52 whereas absent- or nonbrisk-
type TILs are considered as predictive factors of
sentinel lymph node positivity.>3:5¢ The presence
of an intratumor lymphocytic infiltrate showed no
survival improvement for early stage melanomas
or in the radial growth phase.>> Some recent stud-
ies have also highlighted the role of TILs as
potential predictive biomarkers of response to
immunotherapy, by associating a higher abun-
dance of CD8+ TILs with a better response to
anti-PD-1 therapy.3% Assessing TILs in multifocal
tumors and lymph node metastasis or other meta-
static sites, as well as elucidating their role in the
tumor heterogeneity, will be the main objective of
research in the near future.

The binding of PD-L1 to its PD-1 receptor,
expressed on TILs, causes TIL inactivation and
thereby preserves melanoma from the immune-
mediated cell lysis. In many types of human
tumors, including melanoma, non-small cell lung
cancer, and renal carcinoma, the PD-L1 expres-
sion was associated with poor prognosis, as it
induces host immunosuppression.>’ In addition,

PDL-1/PD-1 expression levels are predictive bio-
markers of the clinical outcome to PDL-1/PD-1
axis inhibitors in a variety of solid tumors, includ-
ing bladder cancer, gastroesophageal cancer,
Merkel cell cancer, head and neck cancer, and
small cell lung cancer.58

Currently, there are no studies in the literature
that have focused on the potential prognostic rel-
evance resulting from the correlation between
soluble forms of PD-1 and PD-L1 in plasma and
the presence/efficiency of TILs in metastatic mel-
anoma. As several studies have shown that the
TME affects melanoma prognosis and therapy
response, TILs locally affect the immune response
to melanoma and there is a correlation between
PD-1/PD-L1 expression and antitumor immune
response, therefore, we have decided to investi-
gate the potential association between PD-1/
PD-L1 expression levels in the plasma of 28
patients with metastatic melanoma and presence/
absence/typology of TILs in paired primary mela-
nomas. Indeed, one of the major issues often
detected in some patients with metastatic mela-
noma at diagnosis is the loss of prognostic infor-
mation deriving from TILs (which we know are
favorable prognostic indicators), because it is not
always possible to identify the primary tumor
lesion in which the characterization of TILs is
usually performed. In our study, we have chosen
to detect these soluble molecules in plasma frac-
tion instead of serum fraction, because the levels
detected in serum are 10-fold lower than the
plasma levels in the same patient, as described in
the ‘Material and methods’ section. In addition,
because the tissue biopsy showed several limita-
tions mainly due to the invasiveness of the tech-
nique, low amount of tissue sample available for
analysis, and poor evaluation dynamicity (static
data), our study was focused on the analysis of the
plasma PD-1/PD-L1 dosage, using the liquid
biopsy as a tool to obtain a more dynamic profile
reflecting the real image of the TME in mela-
noma. The innovation and originality of our work
was to bypass the restrictions related to the tissue
biopsy, by carrying out a low-invasive repeated
sequential study on an easily available material
such as plasma.

Our study showed that as PD-1 plasma levels
increase, the likelihood of finding nonbrisk and
absent TILs in primary tumor increases, resulting
in worsening of the prognosis of patients with
metastatic melanoma. In contrast, lower plasma
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PD-1 levels are statistically correlated with a
greater presence of brisk-type TILs in primary
lesions, suggesting a more favorable prognosis.
Therefore, these results show how the plasma
PD-1 expression levels can be correlated, in a sta-
tistically significant way, not only with the pres-
ence or absence of TILs, but also with their
efficiency (brisk/nonbrisk). However, no statisti-
cally significant correlation was observed between
the PD-L1 expression levels in plasma of the 28
examined melanoma patients and presence of
TILs in the corresponding primary tumors. In
addition, despite the lack of statistical significance
owing to the small size of the analyzed sample,
our investigation revealed that patients harboring
brisk-type TILs in their primary tumors showed a
median PFS that was approximately 5 months
longer than that of patients with nonbrisk or
absent TILs.

Another subsequent analysis was performed in
order to correlate the baseline plasma PD-1 and
PD-L1 levels with different responses to immu-
notherapy, allowing us to identify two potential
subsets of patients with better or worse clinical
outcome. In general, higher levels are associated
with a bad clinical outcome, because the patients
showed more frequently a disease progression
(PD), whereas lower plasma PD-1 and PD-L1
levels are correlated with a better response to
therapy (PR and SD).

Therefore, this work suggests, for the first time,
the potential role of the plasma PD-1 levels to
predict prognosis and obtain more information
about the presence/typology of TILs also in
patients with metastatic melanoma at the time of
diagnosis. In conclusion, our study reveals that
the plasma dosage of the soluble PD-1 form could
be used to predict prognosis and clinical outcome
of advanced melanoma patients under immuno-
therapy. As PD-1 has been shown to be mainly
expressed on the surface of activated TILs, we
can reasonably hypothesize that low PD-1 levels
in plasma may reflect an enrichment of TILs in
the TME, whereas high plasmatic levels of this
immune checkpoint may represent an impover-
ishment by the TME of lymphocytic infiltrate.
However, a greater number of studies is needed
to further investigate the releasing mechanism of
the soluble form of this immune checkpoint from
tumors or stromal cells.

Although this study provides significant and use-
ful information to current knowledge in the field,

it shows some potential limitations, including
the restricted number of analyzed patients, the
heterogeneity of the clinical-pathological fea-
tures (histological subtype, primary tumor local-
ization, and metastatic site), the low statistical
power regarding a few analyses, the difficulty of
identifying the primary tumor directly at the
time of diagnosis resulting in lacking data about
TILs on the histological report, and the poor
information concerning the distribution pattern
of TILs (focal, multifocal, diffused). In addition
to the diagnosis of the advanced stage disease,
the failure to identify the primary lesion may be
due also to events of tumor regression that may
determine a tumor understaging. Furthermore,
regarding the methodology, an interference of
the plasma matrix may be detected during the
execution of the ELISA essays. However, this
issue has been solved through a 1/5 dilution of
the sample.

Lastly, our study confirmed the promising role of
TILs as potential biomarkers reflecting the host
immune response against tumors. In the future,
typing the different TILs subpopulations could
have a strong clinical relevance not only in the
identification of clusters of patients with different
prognosis, but also in the selection of the most
suitable patients for a specific treatment with
immune checkpoint inhibitors. Indeed, a more
in-depth understanding of the specificity and
immunobiology of the different lymphocyte sub-
groups is needed in order to better interpret the
prognostic and predictive significance of TILs. As
Teng er al.>° have defined four different TMEs in
melanoma, based on the presence of TILs and
PD-L1 expression, in order to predict the most
effective immunotherapy treatment, in the same
way, our results could provide an important tool
to identify new patient stratification patterns
based on the presence/typology of TILs in pri-
mary tumor and plasma PD-1 expression. In
addition, TIL activity could be enhanced also by
the combined use of multiple immunotherapeutic
strategies. Finally, investigating the molecular
mechanisms underlying the cross-talk between
melanoma and immune cells within the TME
and identifying factors that drive tumor infiltra-
tion will be the key to predicting the heterogene-
ous clinical outcomes in patients with metastatic
melanoma.
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