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Thin melanomas are tumors less than 1 mm thick according to Breslow classification.
Their prognosis is in most cases excellent. However, a small subset of these tumors
relapses. These clinical findings emphasize the need of novel prognostic biomarkers to
identify this subset of tumors. Characterization of tumor immune microenvironment (TIME)
is currently investigated as a prognostic and predictive biomarker for cancer
immunotherapy in several solid tumors including melanoma. Here, taking into account
the limited availability of tumor tissues, by characterizing some of the characteristics of
TIME such as number of infiltrating lymphocytes, HLA class | antigen and PD-L1
expression, we show that number of infiltrating CD8+ and FOXP3+ T cells as well as
CD8+/FOXP3+ T cell ratio can represent a useful prognostic biomarker in thin melanoma.
Although further investigations in a larger patient cohort are needed, these findings have
potential clinical significance since they can be used to define subgroups of thin melanoma
patients who have a worse prognosis and might need different treatment modalities.

Keywords: thin melanoma, tumor-infiltrating lymphocytes, CD4, CD8, time, human leukocyte antigen class |
antigens, programmed death-ligand 1, prognosis

INTRODUCTION

The incidence of skin melanoma is increasing worldwide with 60.7 per 100,000 patients dead for this
type of cancer in 2018. (1). Considerable disparities in terms of survival exist between loco-regional
and metastatic melanoma with 5-year relative survival rates of 64-98% and 20%, respectively (2),
although recent advances in targeted therapy and immunotherapy have dramatically improved
metastatic melanoma patients’ overall survival. Hopefully, most of new melanomas are diagnosed at
an early stage and up to one third of new cases are detected as in-situ lesions (2). According to TNM
classification, 5- and 10-year survival rates are different within the T subgroups, ranging from 97 to
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93% and from 53 to 39% for patients with T1 (Breslow depth
<1 mm)—usually termed thin melanoma—and T4 melanomas,
respectively (3). In order to better define thin melanoma
prognosis, the presence of aggressive features such as depth
higher than 0.75/0.85 mm and presence of ulceration are
currently utilized as major prognostic biomarkers (4, 5). In
addition, other characteristics of thin melanoma, including
lymphovascular invasion and tumor regression, have been also
associated with a higher risk of recurrence (6). Nevertheless,
some thin melanomas with such favorable prognostic features,
develop local or distant metastases. These clinical findings
emphasize the need to integrate more effective prognostic
biomarkers in those clinicopathological characteristics. Several
lines of evidence have highlighted the crucial role of tumor
immune microenvironment (TIME) in melanoma biology (7, 8).
Overall the presence of tumor-infiltrating lymphocytes (TILs) in
melanomas has been associated with a better patient prognosis,
regardless of other clinicopathological characteristics (9-15),
although the presence of TILs in improving melanoma
prognosis remains controversial (16). In addition, both
characterization of the tumor immune infiltrate by CD8+ and
regulatory CD4+ T cells and detection of tumor immune escape
mechanisms, including programmed death-ligand 1 (PD-L1) up-
regulation and human leukocyte antigen (HLA) class I down-
regulation on cancer and/or immune cells, have been shown to
better define the melanoma disease course (17-23). However,
scant data about the prognostic role of TIME characteristics in
thin melanoma subgroups are available so far. Therefore, the aim
of our study was to analyze some of the TIME characteristics in a
cohort of patients with surgically resected thin melanoma and to
evaluate their potential clinical significance.

MATERIALS AND METHODS

Patients and Tumor Tissues

Formalin-fixed paraffin-embedded (FFPE) tumor specimens
were obtained from patients with surgically resected thin
melanoma (depth < 1 mm) followed at “San Giovanni di Dio e
Ruggi D’Aragona” University Hospital between 2010 and 2020.
Patient selection was performed based on tumor tissue and
clinical record availability. All samples were from Caucasian
patients. Patients were consented for tissue acquisition per
institutional review board-approved protocol. All patients
signed an informed consent. Diagnosis of melanoma was
confirmed by an independent, skin cancer-dedicated
pathologist (PZ). Presence of tumor cells in FFPE was
monitored by hematoxylin and eosin staining. Melanomas
were staged according to the 8™ Edition of the American Joint
Committee on Cancer (AJCC) classification system. Sentinel
lymph node biopsy was performed in all patients if melanoma
lesion was > 0.75mm thick or in presence of ulceration. Patient
demographic (age and gender), pathological (TNM stage,
Breslow depth, tumor localization, presence of ulceration and/
or regression, number of mitosis/mm? presence of TILs) and
disease free survival (DFS) data were retrieved from clinical

records. Presence of regression was defined as partial, segmental
or complete replacement of melanoma cells with a variable host
response including dense mononuclear infiltrate, melanophages
and/or dermal fibrosis accompanied by increased dermal
vascularity, with variable epidermal attenuation (24-26). In
addition to further characterize the prognostic role of tumor
regression a 10% cut off of regression extension was also adopted
as previously reported (27).

Monoclonal Antibodies

The monoclonal antibodies (mAbs) HCA2, which recognizes
B2m-free HLA-A (excluding -A24), -B7301, and -G heavy chains
(28, 29), and HC10, which recognizes B2m-free HLA-A3, -A10,
-A28, -A29, -A30, -A31, -A32, -A33, and all B2m-free -HLA-B
(excluding -B5702, -B5804, and -B73) and -HLA-C heavy chains
(28-30), were developed and characterized as previously
described. mAbs were purified from ascitic fluid by affinity
chromatography on a Protein G column. Purity and activity of
mADb preparations were monitored by SDS-PAGE and by specific
reactivity with the corresponding antigen in binding assays and
Western blotting. The CD8-specific mAb C8/144B (Dako), the
FOXP3-specific mAb D2WSE (Cell Signaling), the Granzyme B
(GRZ-B)-specific mAb ab4059 (Abcam) and the PD-L1-specific
mAb E1L3N (Cell Signaling) were purchased from the indicated
companies. The mouse mAb E7Q5L (IgG2b) was used as an
isotype control for HCA2 and HCI10 staining. The rabbit mAb
DAIE (IgG) was used as an isotype control for PD-L1 staining.

Immunohistochemical Staining

FFPE tissue sections (4 um) from melanoma tumor samples were
used as substrates in immunohistochemical (IHC) reactions.
IHC staining with a pool of mAb HCA2 and HC10 (in a 1:1
ratio) was performed and scored as described previously (31-33).
The staining with C8/144B, D2W8E, ab4059 and E1L3N mAbs
was performed on BOND automated IHC Stainer (Leica). The
double staining with C8/144B and D2W8E mAbs was performed
utilizing the ChromoPlex 1 Dual Detection kit (Leica) while the
staining with ab4059 and E1L3N mAbs was performed utilizing
3,3 diaminobenzidine (DAB) chromogen (Dako). Staining
intensity and percentage of stained tumor cells in each lesion
were reviewed and enumerated by two experienced pathologists
(AA and PZ) who had no knowledge of the patients’
characteristics and clinical outcomes. Staining with CDS8-,
FOXP3-, GRZ-B- and PD-Ll-specific mAbs was performed
according to the manufacturers’ instructions. Staining with
CD8-, FOXP3-, GRZ-B- and PD-LI-specific mAbs was scored
by counting the number of stained cells in four high-powered
fields of melanoma lesions. For CD8-, FOXP3-, GRZ-B- scoring
both peritumoral and intratumoral positive cells were counted.
Peritumoral positive cells were defined as cells distributed along
the stromal-tumor interface at tumor edge in dermis.
Intratumoral positive cells were defined as cells completely
surrounded the neoplastic cells. For scoring of PD-L1 staining,
only tumor samples demonstrating cell membrane staining were
considered positive. PD-L1 expression was evaluated only on
tumor cells.
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Statistical Analysis

Statistical analysis was performed with the Stata Statistical
Software, Version 13.0 (StataCorp,LP). Correlation of HLA class
I antigen and PD-L1 expression with the number of CD8+,
FOXP3+ and GRZ-B+ T cells was analyzed by Spearman rank
correlation test. Correlation of PD-L1 expression with HLA class I
antigen expression was analyzed by Fisher exact test. Differences in
the expression levels of variables according to histopathologic and
clinical characteristics were analyzed using the Mann-Whitney U
test or the Kruskal-Wallis rank test. Disease-free survival (DFS)
was calculated using the Kaplan-Meier method. Time was defined
as the interval between the date of diagnosis and the date of disease
recurrence (event) or that of last follow-up visit (censored). The
log-rank test was used for screening the potential prognostic
factors in relation to patients’ survival. p<0.05 was considered to
be statistically significant. All tests used were two-tailed.

RESULTS

Patient Characteristics

Thirty-one patients were included in the study. Patient and
tumor characteristics are summarized in Table 1. Median age
was 56.4 years (range, 30-78). Eighteen patients (58.1%) were
female. Primary tumor localization was head/neck, limbs and
trunk in 16.1, 38.7, and 38.7% of patients, respectively. The mean

TABLE 1 | Patient and tumor characteristics.

Age 56.4 (30-78)
Gender

Male 13 (41.9%)

Female 18 (568.1%)
Anatomic site

Head/neck 5(16.1%)

Limbs 12 (38.7%)

Trunk 12 (38.7%)

Not evaluable 2 (6.5%)
Breslow depth 0.4mm (0.1-1.0)
Ulceration

No 28 (90.3%)

Yes 3(9.7%)
Regression

No 2 (6.5%)

Yes 20 (64.5%)

Not evaluable 9 (29.0%)
Regression at 10% cut off

No 9 (29.0%)

Yes 13 (41.9%)

Not evaluable 9 (29.0%)
TNMT

T1a 23 (74.2%)

T1b 8 (25.8%)
Mitosis* 1.3 (0-4.0)
Tumor-infiltrating lymphocytes

Absent 9 (29.0%)

Present 13 (42.0%)

Not evaluable 9 (29.0%)

"Staging according to the 8" Edition of AJCC melanoma classification.
#Number of mitosis per square millimeter.

Breslow depth was 0.4 mm (0.1-1.0 mm). Ulceration was present
in 3 (9.7%) out of the 31 patients investigated. Regression was
present in 64.5% of the samples analyzed. Adopting a 10% cut off
of extension, regression was present in 41.9% of sample analyzed.
Twenty-three melanomas were classified as T1a (74.2%) and 8 as
T1b (25.8%). The mean number of mitosis was 1.3 mm? (0.0-
4.0). TILs were present in 13 melanomas (42.0%), defined as
absent in 9 (29.0%) and not reported in 9 (29.0%). Metastases
were not detected in all sentinel lymph node biopsies analyzed.
At a median follow up of 92.0 months (20.0-105.0 months), the
median DFS was not reached (Figure 1). Four (12.9%) out of the
31 patients investigated developed a distant recurrence during
the follow up.

Correlation Between Clinical and
Pathological Characteristics

in Thin Melanomas

Breslow depth positively correlated with the presence of
ulceration (p=0.022). Ulcerated melanomas had an increased
depth as compared to that of non-ulcerated (mean 0.92 versus
0.35 mm; Figure 2A). In addition, Breslow depth positively
correlated with the number of mitosis (Spearman’s rho 0.5004,
p=0.021). Lastly, less than 10% of regression positively correlated
with high Breslow (mean 0.82 versus 0.32 mm p= 0.0016) and
presence of ulceration (p= 0.055) (Figure 2B).

Correlation of Immune Cell Infiltrate With
Clinicopathological Characteristics of Thin
Melanoma Tumors
Representative IHC staining of CD8+, FOXP3+ and GRZ-B+ T
cells is shown in Figures 3A, B. The number of peritumoral
CD8+ and GRZ-B+ T cells ranged from 4 to 89 (mean 48.3) and
from 0 to 12 (mean 4.5), respectively. The number of
intratumoral CD8+ and GRZ-B+ T cells ranged from 1 to 14
(mean 7.6) and from 0 to 2 (mean 0.58), respectively. On the
other hand, the number of peritumoral and intratumoral FOXP3
+ T cells ranged from 0 to 87 (mean 19.4) and from 0 to 13 (mean
3.0), respectively. CD8+/FOXP3+ T cell ratio ranged from 0.6 to
68.0 (mean 9.2). The number of peritumoral CD8+ T cells was
positively correlated with number of intratumoral CD8+ T cells
(Spearman’s rho=0.9892; p<0.0001). The number of peritumoral
FOXP3+ T cells was positively correlated with number of
intratumoral FOXP3+ T cells (Spearman’s rho=0.9472;
p<0.0001). The number of peritumoral and intratumoral CD8+
T cells was positively correlated with the number of peritumoral
(Spearman’s rho=0.40004; p=0.031) and intratumoral
(Spearman’s rho=0.43; p=0.019) FOXP3+ T cells, respectively.

Representative IHC staining of HLA class I antigen
expression by thin melanoma cells is shown in Figures 3C, D.
HLA class I antigen expression was down-regulated in 5 (16.1%)
tumor samples but was within normal ranges in the remaining 24
(77.4%). HLA class I antigen expression ranged from 0 to 70
(mean 28.7).

Melanomas localized to head/neck and trunk were associated
with a higher level of TILs as compared to those to limbs
(p=0.017). In addition, melanomas of limbs expressed a higher

Frontiers in Immunology | www.frontiersin.org

September 2020 | Volume 11 | Article 561390


https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

Sabbatino et al.

Tumor Immune Infiltrate in Thin Melanoma

HLA class I antigen level as compared to those localized to
trunk and to head and neck (median 40.8, 25.5 and 6.0,
respectively; p=0.003) (Figure 4A). Presence of TILs positively
correlated with presence of more than 10% of regression
extension (p=0.020).

The number of peritumoral and intratumoral FOXP3+ T cells
in dermis was positively correlated with T stage subgroups (sec.
TNM, AJCC 8™ Edition) (peritumoral p=0.015; Figure 4B)
(intratumoral p=0.021; Figure 4C). In addition, ulcerated
tumors had a lower number of peritumoral GRZ-B+ T cells as
compared to that of non-ulcerated tumors (p=0.09; Figure 4D)
and tumors with less than 10% of regression had a higher
number of peritumoral FOXP3+ T cells as compared to that of
more than 10% (p=0.08; Figure 4E). Lastly, CD8+/FOXP3+ T
cell ratio negatively correlated with T stage subgroups (sec.
TNM, AJCC 8™ Edition) (p=0.041; Figure 4F).

DFS

ﬁﬁ—%

Median follow up = 72 months

0.50 0.75 1.00
L I i

Patients (%)

0.25
I

0.00
|

Months

FIGURE 1 | Analysis of the disease-free survival (DFS) in thin melanoma. DFS
analysis was analyzed using the Kaplan-Meier method.

PD-L1 Expression in Thin Melanomas and
Its Interaction With Immune Infiltrate
Representative IHC staining of PD-L1 expression by thin melanoma
cells is shown in Figures 3E, F. PD-L1 expression was detected in 10
(32.3%) out of 31 samples analyzed. The mean number of PD-L1+
cells was 3.29 per high powered field (0.0-25.0). No significant
correlations were found between PD-L1 expression and the other
clinicopathological characteristics of the samples analyzed as well as
between PD-L1 expression and immune infiltrate.

Correlation of TIME and
Clinicopathological Characteristics

With DFS

At univariate analysis, age (p=0.005), Breslow depth (p=0.005),
presence of ulceration (p<0.001), number of mitosis (p=0.026), less
than 10% of regression extension (p=0.08) as well as number of
peritumoral FOXP3+ T cells (peritumoral p=0.006) were negatively
correlated to DFS. In contrast, number of CD8+ T cells (peritumoral
p=0.034; intratumoral p=0.005) and CD8+/FOXP3+ T cell ratio
(p=0.022) were positively correlated to DFS (Figure 5).

DISCUSSION

Patients with thin melanoma have an excellent prognosis with
10-year survival outcome ranging from 85 to 99% (3). For thin
melanoma as well as for thicker melanoma, presence of
ulceration, Breslow depth, mitotic rate, lymphovascular
invasion and presence of regression are the most relevant
prognostic biomarkers (4-6). However, so far, about 10% of
surgically removed thin melanomas relapse. Informative
biomarkers are needed to improve the stratification of patient
prognosis and to design novel therapeutic strategies to prevent
tumor relapse in this setting. In the present study, analysis of
patient prognosis shows that ulceration, Breslow depth, mitotic
rate and less than 10% of regression extension significantly

A
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&
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FIGURE 2 | Correlation between Breslow depth , presence of ulceration and tumor regression in thin melanoma. (A) Presence or absence of ulceration was
correlated to Breslow depth by Mann-Whitney U test. (B) Presence or absence of regression at 10% cut off of extension was correlated to Breslow depth by Mann-
Whitney U test. On each box, the central mark is the median, the edges of the box are the 25" and 75" percentiles, the whiskers extend to the most extreme data
points note considered outliers, and outliers are plotted individually. p was considered significant if < 0.05.
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FIGURE 3 | Representative staining patterns of formalin-fixed, paraffin-embedded thin melanoma lesions with CD8- (A), FOXP3- (A), GRZ-B- (B), HLA class |
antigen- (C) and PD-L1- (E) specific mAbs. Double IHC staining was performed utilizing CD8- (brown cells) and FOXP3- (red cells) specific mAbs (A). For HLA class |
antigen detection tissue sections were IHC stained with a pool of mouse HLA-A-specific mAb HCA2 and HLA-B/C-specific mAb HC10 (ratio, 1:1). mAbs E7Q5L
(IgG2b) and DA1E (IgG) were used as isotype controls for HLA class | antigen (D) and PD-L1 (F) staining, respectively. Magnification is 200X.

correlate with DFS in thin melanoma. In addition, a high Breslow
depth positively correlates with a high number of mitosis,
presence of ulceration and less than 10% of regression
extension. By corroborating the information in the literature
(27, 34, 35) these results validate the representativeness of patient
population analyzed in spite of its limited number.

In a recent study, Dessinioti et al. showed that nodular
melanomas are associated with a poor prognosis in T1 stage
subgroup as compared to that of superficial spreading
melanomas (36). We were not able to provide this type of
information since in our medical records, melanoma subtypes
were not specified. Lundgren et al. demonstrated that a high
expression of Kin of IRRE protein (KIRREL) is significantly
associated with several unfavourable clinicopathological
characteristics, including high Clark level and Breslow depth,
presence of ulceration, advanced clinical stage and high mitotic
rate in thin melanoma (37). The results of our study suggest that
some of TIME characteristics might be useful prognostic
biomarkers in patients with thin melanoma.

TIME characteristics are currently investigated as a prognostic
and predictive biomarker for cancer immunotherapy in several
types of solid cancers including melanoma (38). They play a major
role in the host immune response to tumor antigens expressed on
melanoma cells (7, 39). The crucial role of host immune response in
melanoma is confirmed by the clinical efficacy of immune
checkpoint inhibitor-based immunotherapy in this type of tumor
(40). Indeed, treatment with anti-Cytotoxic T-Lymphocyte Antigen
4 and anti-Programmed cell Death 1 have dramatically changed the
prognosis of melanoma patients (41-45). In this study, because of
the limited availability of thin melanoma tissues we could not
analyze multiple marker expression in order to fully characterize
melanoma thin TIME. We focused our analysis on the
characterization of TILs as a marker of host immune response to
tumor antigens and HLA class I antigen down-regulation and PD-
L1 expression as mechanisms of immune escape by malignant cells.

TILs have been shown to play a favorable prognostic role in
melanoma (9-15, 46, 47) as their presence correlates with both
Breslow depth and 10 year survival (48). However, the
association of TILs with an improved prognosis in melanoma
remains controversial. In addition, the impact of different
components of TILs on melanoma’s characteristics and
prognosis is still under investigation (18, 21, 22). In a recent
meta-analysis Fu et al. have confirmed the favorable prognostic
role of the CD3+, CD4+, CD8+ TILs in melanoma patients’
overall survival as well as the association between TIL presence
and improved overall survival (49). In the present study
characterization of some TIME features has demonstrated that
both numbers of peritumoral and intratumoral FOXP3+ and
CD8+ T cells as well as their ratio might be useful prognostic
biomarkers in thin melanomas. Specifically, either a low number
of peritumoral or intratumoral CD8+ T cells and a high number
of peritumoral FOXP3+ T cells negatively correlate with DFS.
Our findings, in thin melanomas, are in line with the previous
reports available in the literature for melanoma tumors. De
Panfilis et al. demonstrated that number of FOXP3+
lymphocytes is higher in late stage melanoma as compared to
that in early stage (17). Miracco et al. demonstrated that a high
number of both FOXP3+ and CD25+ T cells in primary tumors
correlates with a high rate of tumor relapse in melanoma (50).
On the other hand, a high number of TCF7/CD8+ T cells in
melanoma tumors has been associated with clinical responses to
immunotherapy (51, 52). Furthermore tissue-resident memory
CD8+ T cells play a crucial role in the surveillance of subclinical
melanoma (23). In our study the number of CD8+ T cells
positively correlates with the number of FOXP3+ T cells. In
addition, when both CD8+ T cells and FOXP3+ T cells are
present in a tumor, they are spatially very close. These findings
suggest a potential interaction between CD8+ and FOXP3+ T
cells as a mechanism of immune regulation in thin melanoma
progression. However, elucidation of the significance of
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interactions between CD8+ T cells and FOXP3+ T cells requires
additional investigations.

In the present study we analyzed the CD8+ and FOXP3+ T
cells localized along the stromal-tumor interface at tumor edge
in dermis (peritumoral) and those completely surrounding the
neoplastic cells (intratumoral). The number of CD8+ and
FOXP3+ T cells were positively correlated with number of
intratumoral CD8+ and FOXP3+ T cells, respectively. In some
cases the number of intratumoral TILs was very low or negative.
This was most likely caused by the low size of tumors analyzed.
Nevertheless, in almost all cases, their number still correlated
with the clinicopathological characteristics of tumors analyzed.
Future studies in a larger patient cohort will be needed to validate
their potential prognostic role in thin melanoma.

Besides CD8+ and FOXP3+ T cells, we also analysed the number
of GRZ-B+ T cells as well as its correlation with clinicopathological
characteristics of thin melanoma. We used GRZ-B expression as a
readout for CD8+ T-cell cytotoxicity. However double
immunofluorescent staining for CD8+ and GRZ-B+ cells
demonstrated that GRZ-B did not co-localized with CD8
(Supplementary Data). Further studies are needed to
characterize the subpopulation of GRZ-B+ cells. Their number
showed a negative association, although non statistically significant,
with presence of ulceration. The latter is a major unfavourable
prognostic biomarker (53, 54). We also analyzed PD-L1 up-
regulation and HLA class I down-regulation on cancer cells since
both represent two of the major tumor immune escape mechanisms
(17, 19, 20, 23). HLA class I antigen and PD-L1 expression are
known to play a key role in the host immune response to tumor
antigens, since the former is crucial for processing tumor antigens
and presentation of tumor antigen derived peptides to cognate T
cells, while the latter inhibits T cell activation (19, 20, 53, 55). In our
study no significant correlation was found between HLA class I
antigen expression level and prognosis in thin melanoma, although
HLA class I antigen expression is correlated with thin melanoma
localization. Specifically, HLA class I antigen expression level was
significantly higher in melanomas localized to limbs as compared to
melanomas localized to head and neck or to trunk. The latter
expressed the lowest levels of HLA class I antigens. It is well known
that localization of primary melanoma is an important prognostic
factor with the worst prognosis for melanoma localized to head and
neck (56). On the other hand, PD-L1 expression level did not
correlate to any of the clinicopathological characteristics of thin
melanomas analyzed as well as to DFS. Conflicting data are reported
about the prognostic role of PD-L1 expression in melanoma (19).
These findings might reflect the lack of standardization of the IHC
assay used to measure PD-LI expression as well as the different
characteristics of the PD-L1-specific antibodies utilized to in the
assays. PD-L1 is also reported to be expressed on tumor associated
macrophages in melanoma tumors (57). However, as we have
already discussed above because of limited availability of tissue
samples we were not able to analyze more biomarkers including
those for tumor associated macrophages. Further studies are needed
to investigate the role of tumor associated macrophages as well as
the PD-L1 expression on tumor associated macrophages in
thin melanomas.

CONCLUSIONS

In conclusion in this study we have shown that some of TIME
characteristics may be a useful biomarker to improve thin
melanoma prognosis. The low number of patients and tissue
samples included in the analysis represents the major limitation
of the present study. However, these findings, especially when
independently validated in a larger patient cohort, have potential
clinical significance since they can be used to define subgroups of
thin melanoma patients who might benefit from different
treatment modalities. Specifically, they can be useful to design
novel clinical trials which utilize immune checkpoint inhibitor-
based strategies for the treatment of thin melanoma patients with
poor prognosis.
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