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Abstract 

Programmed death ligand 1 (PD-L1) expression provides significant value to predict prognosis and 
response following immunotherapy in several types of cancers. However, its clinicopathological and 
prognostic significance in melanoma remains unclear. PD-L1 and the number of tumor infiltrating 
lymphocytes (TILs) were investigated in 63 Korean patients with melanoma based on the melanoma 
scoring system. We also compared the results using the PD-L1 antibodies—22C3 and E1L3N 
clones. In addition, BRAF gene mutation was detected using anti-BRAF antibody and real-time 
polymerase chain reaction. Overall, 29 (46.0%), 16 (25.4%), and 18 (28.6%) patients exhibited the 
acral lentiginous type, nodular type, and other histological subtypes of melanoma, respectively. 
PD-L1 expression was detected in 37 (58.7%) cases and was closely associated with a CD8+TILhigh 
phenotype (P < 0.001). Combined survival analysis depending on PD-L1 and CD8+TILs status 
showed that the PD-L1-/CD8+TILhigh group demonstrated the best survival outcome, whereas 
patients with PD-L1+/CD8+ TILlow showed the worst prognosis (P = 0.039). However, 
PD-L1+/CD8+ TILlow was not an independent prognostic factor. The 22C3 and E1L3N clones 
showed a high concordance rate (kappa value, 0.799). BRAF mutation status was not correlated with 
PD-L1 expression. We suggest that evaluation of the combined status of PD-L1 and TIL might be 
useful to predict the survival of patients with melanoma. 
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Introduction 
Melanoma is a highly malignant skin tumor and 

a leading cause of cancer-related mortality in Western 
countries, ranking as the fifth most common cancer in 
the USA [1, 2]. The incidence and pathogenesis of 
melanoma both show variation according to ethnicity 
[3], with a lower incidence of melanoma in Asians 
than in Caucasians, and the predominant location of 
the tumor also differs according to race [4].  

Melanoma is classified into several histological 
subtypes associated with various molecular and 

clinicopathological characteristics [5]. The most 
common types of melanoma in Caucasians are found 
on sun-exposed portions of the skin, such as nodular 
melanoma and superficial spreading melanoma. In 
contrast, acral lentiginous melanoma that occurs on 
non-sun damaged areas is the most common subtype 
detected in Asians [6, 7]. Chronic sun-damaged forms 
of melanomas are associated with NRAS, BRAF 
non-V600E, or KIT mutations, whereas 
non-sun-damaged melanomas are associated with a 
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predominance of BRAF V600E mutations [8]. 
Therefore, research on melanoma must take 
variations among races and subtypes into 
consideration.  

Several multi-institutional clinical trials have 
indicated a survival benefit of programmed death 1 
(PD-1)/programmed death ligand 1 (PD-L1) blocking 
agents in patients with melanoma [9, 10]. 
Accordingly, anti-PD-1/PD-L1 therapy has recently 
become the most important melanoma treatment. The 
United States Food and Drug Administration (FDA) 
approved the anti-PD-1/PD-L1 drug nivolumab as 
the first-line treatment for patients with BRAF 
wild-type advanced melanoma [11, 12]. PD-1 is an 
immune inhibitory receptor expressed on activated 
lymphocytes [13, 14], and interaction with its ligands 
PD-L1 and PD-L2, which are expressed in both tumor 
cells (TCs) and immune cells, plays a pivotal role in 
the tumor's ability to escape from immune attack [14]. 
Hence, inhibition of the PD-1/PD-L1 axis can be a 
powerful therapeutic strategy to promote the immune 
response to invading cancer cells.  

Accordingly, detection of PD-L1 expression is an 
important factor in the decision for administering a 
PD-1/PD-L1 inhibitor to patients with several types 
of cancers. The FDA approved PD-L1 
immunohistochemistry (IHC) as a companion or 
complementary diagnostic tool for PD-1/PD-L1 
inhibitor therapy in patients with non-small cell lung 
cancer or urinary bladder cancer. However, currently, 
PD-1/PD-L1 inhibitors are used in the treatment of 
melanoma regardless of the specific PD-L1 expression 
in patients. 

Furthermore, PD-L1 expression itself was 
reported to be significantly correlated with an 
unfavorable prognosis in various malignancies, 
including non-small cell lung cancer, colorectal 
cancer, renal cell carcinoma, and breast cancer [10, 
15-17]. However, the prognostic value of PD-L1 
expression status in melanoma is controversial [10, 
18]. Several recent studies have indicated the 
prognostic significance of PD-L1 expression in not 
only TCs but also in tumor infiltrating lymphocytes 
(TILs) [19, 20].  

Even if PD-L1 expression is not correlated with 
the response to PD-1/PD-L1 inhibitors in melanoma 
patients, it is still necessary to precisely assess the 
potential clinical role of PD-L1 expression in 
melanoma. Therefore, in the present study, we 
evaluated the PD-L1 status in Korean melanoma 
patients using an FDA-approved antibody (22C3; 
Dako, Carpentaria, CA, USA) as well as another 
commercially available PD-L1 antibody (E1L3N; 1:50, 
Cell Signaling Technology, Danvers, MA, USA). The 
PD-L1 expression status was quantified using a 

scoring system specific to melanoma with relation to 
its expression on both TCs and/or TILs [21].  

Materials and Methods  
Tissue samples and tissue microarray (TMA) 
construction  

A total of 63 patients diagnosed with malignant 
melanoma from March 2006 to February 2013 at Seoul 
National University Bundang Hospital were enrolled 
in this study. Thirty-six (57.1%) patients underwent 
surgical excision and 27 (42.9%) patients underwent 
punch biopsy. All cases were classified based on 
histologic type such as acral lentiginous, nodular, and 
other melanoma subtypes. Patients who had 
preoperative chemo-radiation therapy were excluded 
from the study. Clinical information and pathologic 
characteristics were compiled from medical and 
pathologic records. The assessment of clinical nodal 
and metastasis stage was determined in 58 cases 
based on the radiologic and pathologic evaluation. 
The clinical stage could not be determined for seven 
cases due to follow-up loss and refusal of further 
radiologic evaluation.  

For TMA construction, we selected 
representative regions of tumors, and core samples 
with a 2-mm diameter were transferred to recipient 
blocks and re-embedded, as described previously 
(SuperBioChips Laboratories, Seoul, South Korea) 
[22]. In primary lesion, we selected the tumor area 
with the invasive border for including TILs. In 
addition, considering that tumor reactive immune 
cells infiltrate the metastatic melanoma via vascular 
endothelial cells, we obtained tissue from the tumor 
center with intratumoral blood vessels for the 
metastatic lesion.  

This study was approved by the Institutional 
Review Board of Seoul National University Bundang 
Hospital (IRB number: B-1807-481-302). For this type 
of study, formal consent was not required.  

Immunohistochemistry and scoring 
IHC staining was performed on the TMA slides 

using a PD-L1 clone (22C3; Dako, Carpentaria, CA, 
USA) and stained with Dako Autostainer (Dako) 
(Figure 1). IHC was also performed with an additional 
PD-L1 antibody (E1L3N; 1:50, Cell Signaling 
Technology, Danvers, MA, USA) and CD8 (1:100, 
Dako, Glostrup, Denmark) on the Ventana 
Benchmark XT system (Ventana, Tucson, AZ, USA), 
and visualized with a DAB detection kit (Ventana).  

CD8+ TILs were evaluated in at least 3–4 
representative high-power field (HPF) areas from 
each sample, and the mean CD8+ TILs count was 
scored using the following four-tier scoring system: 
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no lymphocytes (0), 1–10/HPF (1), 11–50/HPF (2), 
>50/HPF (3) [23].  

We evaluated the PD-L1 expression in TCs or 
TILs separately, and then in both TC and /or TIL. The 
PD-L1 positivity was categorized based on the 
melanoma scoring system (MEL) as reported by Daud 
et al. [21]. The membranous expression in PD-L1 was 
graded on a five-point scale as follows: 0, no 
membranous staining; 1, >0%-<1%; 2, ≥1%-<10%; 3, 
≥10%-<33%; 4, ≥33%-<66%; 5, ≥66%.  

BRAF mutation analysis  
BRAF gene mutation status was determined by 

IHC staining with anti-BRAF antibody (Ventana, 
Tucson, AZ, USA) and real-time polymerase chain 
reaction (PCR). Samples from all 63 patients were 
subjected to BRAF IHC. For real-time PCR analysis, 
DNA was extracted from the tissues of 40 melanoma 
patients, including 15 BRAF IHC-positive, 20 BRAF 
IHC-negative, and five equivocal cases, using Cobas 
DNA Sample Preparation Kit (Roche, Basel, 
Switzerland), according to the manufacturer’s 
instructions and as described previously [24]. Samples 
were then screened for the BRAF (V600E) mutation 
using Cobas 4800 System (Roche).  

Statistical analysis  
All statistical analyses were performed with 

SPSS Statistics 21.0 (IBM Corp., Armonk, NY, USA). 
The correlation between PD-L1 expression and 
clinicopathological variables was analyzed with the χ2 
test and Fisher’s exact test. Survival differences were 
estimated by the Kaplan–Meier method with the 
log-rank test. Multivariate analysis was performed 
using Cox proportional hazards regression model. A 
P-value of <0.05 was considered statistically 
significant. The concordance of PD-L1 expression 
evaluated using two different antibodies (22C3 and 
E1L3N) was determined using Cohen’s kappa test.  

Results 
Patient characteristics  

The patients’ clinicopathological characteristics 
are summarized in Table 1. The patient cohort 
consisted of 27 (42.9%) men and 36 (57.1%) women. 
The median age of the patients was 65 years (range, 
25–90 years). The histologic subtypes included 29 
(46.0%) acral lentiginous, 16 (25.4%) nodular, and 18 
(28.6%) other melanoma types such as superficial 
spreading melanoma, lentigo maligna, and 

 

 
Figure 1. Immunohistochemical results of programmed death ligand 1 (PD-L1) and CD8. (a). PD-L1 (22C3, 400×); (b). PD-L1 (E1L3N, 400×); (c). CD8 (200×); (d). 
BRAF (400×). 
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unclassified type. The follow-up time ranged from 0.4 
to 127.6 months and the median follow up time was 
31.5 months. In present study, no patients received 
neoadjuvant chemotherapy. Fourteen patients 
received postoperative chemotherapy; however, 
unfortunately no patients received anti PD-1/PD-L1 
therapy. Fifteen patients received radiotherapy.  

 

Table 1. Patients’ clinicopathologic characteristics  

Characteristics No (%) 
Total  63 
Age, median (range) 65 (25-90) 
Sex  
 Male 27 (42.9%) 
 Female 36 (57.1%) 
Melanoma subtype  
 Acral lentiginous 29 (46.0%) 
 Nodular 16 (25.4%) 
 Other subtype 18 (28.6%) 
cN stage (n = 58)  
 N0 43 (74.1%) 
 N+ 15 (25.9%) 
cM stage (n = 58)  
 M0 47 (81.0%) 
 M+ 11 (19.0%) 
Lymphovascular invasion   
 Absent 56 (88.9%) 
 Present 7 (11.1%) 
Ulceration  
 Absent 20 (31.7%) 
 Present  11 (17.5%) 
 Not assessed 32 (50.8%) 
Breslow thickness  
 <1mm 9 (14.3%) 
 ≥1mm 26 (41.3%) 
 Not assessed 28 (44.4%) 
Specimen site  
 Primary lesion 51 (81.0%) 
 Metastatic lesion 12 (19.0%) 
Type of surgery   
 Punch biopsy  27 (42.9%) 
 Excisional biopsy  36 (57.1%) 
BRAF mutation   
 Absent 48 (76.2%) 
 Present 15 (23.8%) 

 

PD-L1 expression in TCs and TILs 
PD-L1 (22C3) expression in TCs and TILs were 

found in 32 (50.8%) and 36 (57.1%) cases, respectively 
(Figure 2). In PD-L1 (22C3) positive subset in TCs, the 
high expression and low expression groups 
comprised 6 (9.5%) and 26 (41.3%) cases, respectively. 
Of the cases with PD-L1 (22C3) expression in TILs, 6 
(9.5%) and 30 (47.6%) were categorized as high and 
low expression groups, respectively. Positive PD-L1 
(22C3) expression in TCs were more frequently 
detected in non-acral type (P = 0.017) and its 
expression in TILs also showed a similar trend; 
however, it was not statistically significant (P = 0.068). 
PD-L1 (22C3) expression in TCs or TILs did not show 
a correlation with other clinicopathologic variables 
(Table S1). Using PD-L1 (E1L3N) antibody, 35 (55.6%) 
and 38 (60.3%) cases were found to be positive in TCs 

and TILs, respectively (Figure 2). Among these, PD-L1 
(E1L3N) expression in TCs was considered as high 
expression in 5 (7.9%) cases and 3 (4.8%) cases showed 
high expression of PD-L1 (E1L3N) in TILs. Similar to 
PD-L1 (22C3) expression in TCs and TILs, PD-L1 
(E1L3N) expression in TCs and TILs was associated 
with non-acral type (P = 0.037 and P = 0.020, 
respectively) (Table S2). Additionally, we compared 
the results of PD-L1 expression in TCs or TILs using 
two antibodies (22C3 and E1L3N), and the results 
obtained showed moderate agreement.  

Association between PD-L1 expression (MEL 
scoring system) and clinicopathological 
characteristics  

We assessed the PD-L1 expression in TCs as well 
as TILs using MEL scoring system. PD-L1 (22C3) 
positivity was detected in 37 (58.7%) cases, and PD-L1 
was highly expressed in seven cases (11.1%). The 
scores of CD8+TILs were divided into low (0–1; 
CD8+TILlow) and high (2–3; CD8+TILhigh) expression, 
with 45 (71.4%) cases showing the CD8+TILhigh 
phenotype (Figure 2d). According to the histologic 
subtype, patients with other subtypes showed the 
highest rate of PD-L1 (22C3) positivity (n = 13, 76.5%), 
followed by those with the nodular type (n = 11, 
64.7%) and the acral lentiginous type (n = 13, 44.8%). 
When grouping the patients into acral and non-acral 
types, PD-L1 (22C3) positivity was more frequently 
found in the non-acral subtype tumors (P = 0.038). 
Moreover, PD-L1 (22C3) positivity was significantly 
more frequent in the CD8+TILhigh group than in the 
CD8+TILlow group (P < 0.001).  

All 15 BRAF IHC-positive cases showed the 
BRAF (V600E) mutation, whereas the 20 BRAF 
IHC-negative and five equivocal cases showed the 
BRAF (V600E) wild type. However, there was no 
significant association between PD-L1 (22C3) 
expression status and BRAF mutation status, or other 
various clinicopathological factors (Table 2).  

To accurately validate the PD-L1 detection, we 
additionally carried out the study using another 
PD-L1 antibody (E1L3N), which was expressed in 41 
(65.1%) cases, and five (7.9%) cases showed high 
expression (MEL 4–5) (Table 2). Therefore, use of the 
PD-L1 (E1L3N) antibody resulted in a higher 
expression rate as compared to that detected with 
PD-L1 (22C3); however, high expression (MEL 4–5) 
was slightly less frequent. Despite these differences, 
the E1L3N clone showed a good concordance level 
with the 22C3 clone (kappa value, 0.799; P < 0.001) 
(Figure 2). The expression of PD-L1 (E1L3N) was also 
closely associated with the non-acral subtype (P = 
0.010) and CD8+TILhigh (P < 0.001) (Table 1). 



 Journal of Cancer 2019, Vol. 10 

 
http://www.jcancer.org 

3074 

 
Figure 2. Comparative analysis of programmed death ligand 1 (PD-L1) expression using 22C3 and E1L3N antibodies, (a) PD-L1 positivity in tumor cells (TCs), 
(b) PD-L1 positivity in tumor infiltrating lymphocytes (TILs), (c) PD-L1 positivity based on MEL, (d) frequency of CD8+ TIL 

 

Table 2. Association between PD-L1 expression (MEL) and clinicopathologic variables  

Parameters PD-L1 (22C3) PD-L1 (E1L3N) 
Negative Positive P Negative Positive P 

Age   0.423   0.595 
 ≤60 11 (47.8%) 12 (52.2%)  9 (39.1%) 14 (60.9%)  
 >60 15 (37.5%) 25 (62.5%)  13 (32.5%) 27 (67.5%)  
Sex   0.555   0.819 
 Male 10 (37.0%) 17 (63.0%)  9 (33.3%) 18 (66.7%)  
 Female 16 (44.4%) 20 (55.6%)  13 (36.1%) 23 (63.9%)  
Melanoma subtype   0.038   0.010 
 Acral 16 (55.2%) 13 (44.8%)  15 (51.7%) 14 (48.3%)  
 Non-acral  10 (29.4%) 24 (70.6%)  7 (20.6%) 27 (79.4%)  
cN stage (n = 58)   0.723   0.756 
 N0 15 (34.9%) 28 (65.1%)  14 (32.6%) 29 (67.4%)  
 N+ 6 (40.0%) 9 (60.0%)  4 (26.7%) 11 (73.3%)  
cM stage (n = 58)   1.000   0.474 
 M0 17 (36.2%) 30 (63.8%)  16 (34.0%) 31 (66.0%)  
 M+ 4 (36.4%) 7 (63.6%)  2 (18.2%) 9 (81.8%)  
Lymphovascular invasion    0.434   1.000 
 Absent 22 (39.3%) 34 (60.7%)  20 (35.7%) 36 (64.3%)  
 Present 4 (57.1%) 3 (42.9%)  2 (28.6%) 56 (71.4%)  
Ulceration (n = 31)   0.275   0.262 
 Absent 10 (50.0%) 10 (50.0%)  8 (40.0%) 12 (60.0%)  
 Present 3 (27.3%) 8 (72.7%)  2 (18.2%) 9 (81.8%)  
Breslow thickness (n = 35)   1.000   0.396 
 <1mm 3 (33.3%) 6 (66.7%)  3 (33.3%) 6 (66.7%)  
 ≥1mm 8 (30.8%) 18 (69.2%)  5 (19.2%) 21 (80.8%)  
BRAF mutation    0.909   0.883 
 Absent 20 (41.7%) 28 (58.3%)  17 (35.4%) 31 (64.6%)  
 Present 6 (40.0%) 9 (60.0%)  5 (33.3%) 10 (66.7%)  
CD8+ TIL   <0.001   <0.001 
 CD8+TILlow 14 (77.8%) 4 (22.2%)  14 (77.8%) 4 (22.2%)  
 CD8+TILhigh 12 (26.7%) 33 (73.3%)   8 (17.8%) 37 (82.2%)   
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Prognostic significance of PD-L1 expression in 
melanoma  

Kaplan–Meier analysis was performed to 
evaluate patient survival curves according to PD-L1 
and CD8+TIL status. In Kaplan-Meier analysis, there 
was no significant difference in overall survival (OS) 
depending on the PD-L1 expression status in TCs or 
TILs using both antibodies. When evaluated 
according to the MEL scoring system, PD-L1 (22C3) 
expression status was also not significantly correlated 
with patient prognosis (P = 0.793). Although the 
CD8+TILhigh group showed a tendency toward more 
favorable OS than the CD8+TILlow group, this result 
did not reach statistical significance (P = 0.117). We 
additionally analyzed the survival differences 
depending on the combined status of PD-L1 (22C3) 
and CD8+TIL. Patients with PD-L1(22C3)-/ 
CD8+TILhigh and PD-L1(22C3)+/CD8+TILhigh showed 
a significantly more favorable OS, whereas the 

PD-L1(22C3)+/CD8+TILlow group was associated 
with the worst clinical outcome (P = 0.039). 
Furthermore, a distinct survival difference was 
maintained when the PD-L1(22C3)+/CD8+TILlow 

subgroup was compared to the others (P = 0.010). 
PD-L1 (E1L3N) expression also showed no significant 
association with OS (P = 0.355; Figure 3C). However, 
similar results were obtained to those using the 22C3 
clone in combined analysis, in which the survival of 
patients with PD-L1(E1L3N)-/CD8+TILhigh and 
PD-L1(E1L3N)+/CD8+TILhigh expression was 
significantly more favorable, while the 
PD-L1(E1L3N)+/CD8+TILlow group showed the 
worst clinical outcome (P < 0.001) (Figure 3).  

However, multivariate Cox proportional 
hazards analysis showed that PD-L1+/CD8+TILlow 

was not an independent prognostic factor in 
melanoma patients (Table 3).  

 

 
Figure 3. Kaplan–Meier survival curves of patients with (a) programmed death ligand 1 (PD-L1) expression (22C3) in tumor cells (TCs), (b) in tumor infiltrating 
lymphocytes (TILs), (c) in TCs and/or TILs (MEL), (d) PD-L1 expression (E1L3N) in TCs, (e) in TILs, (f) in TCs and/or TILs (MEL), (g) CD8+ TIL status, (h) combined status of 
PD-L1 (22C3) expression (MEL) and CD8+TILs, and (i) combined status of PD-L1 (E1L3N) expression (MEL) and CD8+TILs. 
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Table 3. Multivariate Cox proportional hazard models for the predictors of overall survival in patients with melanoma 

Factors  Univariate analysis Multivariate analysis 
HR 95% CI P HR 95% CI P 

Age 2.260 0.620-8.233 0.217 - - - 
Sex 0.200 0.054-0.743 0.016 0.071 0.010-0.531 0.010 
Melanoma subtype 5.220 1.156-23.576 0.032 12.056 1.067-136.265 0.044 
cN stage 5.310 1.695-16.638 0.004 0.548 0.032-9.285 0.677 
cM stage 7.455 2.367-23.481 0.001 14.119 2.620-76.073 0.002 
Lymphovascular invasion  5.496 1.662-18.177 0.005 152.891 11.363-2057.214 0.044 
Ulceration 0.721 0.130-3.985 0.708 - - - 
Breslow thickness  32.982 0.015-705.532 0.372 - - - 
BRAF mutation 0.789 0.214-2.910 0.721 - - - 
PD-L1(22C3)+/ CD8+TILlow 11.134 1.119-110.742 0.040 5.729 0.296-110.892 0.248 
PD-L1(E1L3N)+/ CD8+TILlow 22.308 3.031-164.170 0.002 6.768 0.330-138.628 0.215 

HR, hazard ratio; CI, confidence interval. 
 

Discussion 
Although PD-L1/PD-1 inhibitors are already 

widely used in melanoma treatment, in-depth 
understanding of PD-L1 expression patterns among 
individual patients and subtypes is lacking, and the 
prognostic significance has not yet been elucidated. In 
fact, PD-L1 shows great significance as a predictor for 
response to an anti-PD-L1/PD-1 therapeutic agent 
rather than as a prognostic factor in other 
malignancies. Nevertheless, there are many reports 
suggesting PD-L1 as a prognostic factor in various 
cancers [25-30], although the prognostic impact of 
PD-L1 expression in melanoma is controversial. 
Previous studies reported that PD-L1 expression in 
TCs is not correlated with the survival of patients with 
melanoma [23, 31]. However, Ren et al. [19] reported 
that PD-L1 expression on TILs was an independent 
predictor of poor prognosis in patients with acral 
melanoma. Furthermore, Massi et al. [32] found that 
PD-L1 expression was an independent prognostic 
factor for BRAF inhibitor-treated melanoma patients. 
In contrast, Schaper-Gerhardt et al. [33] indicated that 
PD-L1 expression in the tumor tissue did not correlate 
with the outcome of BRAF inhibitor-based treatment. 
Therefore, further research on the roles and impact of 
PD-L1 in melanoma is required. 

Recent studies indicated that PD-L1 expression 
correlated with the presence of oncogenic driver 
mutations. For example, PD-L1 expression was found 
to be significantly associated with EGFR-mutated 
non-small cell lung cancers [34], IDH-1-wild type 
glioblastomas [35], and BRAF-mutated colorectal 
cancers [36]. However, BRAF mutation status does not 
correlate with PD-L1 expression in melanoma [37], 
which was confirmed in the present study.  

PD-L1-expressing TILs and TCs have important 
clinicopathological implications in various cancer 
types [38-44]. In urothelial carcinoma, analysis of 
PD-L1 (22C3 and SP263) expression in both TILs and 
TCs was used as a complementary diagnostic assay 
for anti-PD-1/PD-L1 treatment (pembrolizumab and 
durvalumab). Therefore, PD-L1 expression in TILs 

should not be overlooked. Notably, we adopted the 
MEL scoring system for determining the PD-L1 
expression status in both TCs and TILs, which is 
based on modified criteria from a scoring system for 
hormone receptor status in breast cancer and was 
used in a recent clinical trial of melanoma [21].  

IFN-γ is an essential inflammatory cytokine and 
is considered one of the most significant regulator of 
PD-L1 expression. Previous studies have shown that 
activated CD8+T cells are the major source of IFN-r 
production [45-48]. Notably, Tumeh et al. suggested 
that the type of TILs, particularly CD8+ cytotoxic T 
cells, is important for the action of immune 
checkpoint inhibitors [46]. Considering the 
importance of CD8+TILs in tumor immune 
microenvironment, we assessed correlation between 
CD8+ TILs and PD-L1 expression in our study. 

TILs tend to be associated with a favorable 
prognosis in several types of cancer, including 
melanoma [23, 32, 49]. Moreover, Teng et al. [50] 
suggested that cancer can be categorized into four 
distinct subgroups, based on the status of PD-L1 and 
TILs. Melanoma patients with PD-L1+/TILhigh (type I 
group) are considered to have adaptive immune 
resistance, and PD-L1-/TILhigh (type IV group) seems 
to induce immune tolerance via the non-PD-1/PD-L1 
pathway. PD-L1-/TILlow (type II group) is associated 
with immune ignorance. Finally, the rare 
PD-L1+/TILlow (type III group) phenotype is 
associated with oncogenic PD-L1 expression. In the 
present study, the combined status of PD-L1 and TILs, 
but not PD-L1 status alone, was significantly 
associated with clinical outcome. The 
PD-L1-expressing melanoma patients without TIL 

had the worst survival overall. However, 
PD-L1+/TILlow did not appear to be an independent 
factor for poor survival according to multivariate 
analysis, which might be due to the small number of 
patients. Although PD-L1+/TILlow was not an 
independent prognostic factor, combined analysis of 
both PD-L1 expression and TILs might predict 
survival differences in melanoma patients.  
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In our study, PD-L1 expression in TILs (but not 
TCs) was observed in 50.8% of the cases. However, 
the survival difference according to PD-L1 positivity 
in TILs was not statistically significant (data not 
shown), in contrast to the results of Ren et al. [31]. 
This discrepancy can be explained by several factors. 
First, our study included patients with various 
subtypes of melanoma, not only the acral subtype. 
Second, unlike the previous study, we used the 
FDA-approved PD-L1 assay (22C3).  

Since different expression patterns of PD-L1 
have been reported according to the type of antibody 
used, we compared the detection rates with two 
antibodies (22C3 and E1L3). Although other 
researchers showed that different PD-L1 antibodies 
can produce varying positivity rates [51, 52], we 
found a high degree of concordance between 22C3 
and E1L3N, in line with a previous study [53].  

A relatively small patient population in a single 
institute, heterogeneous histological subtypes, and 
evaluation of a small tumor section of TMA are some 
of the limitation of this study. PD-L1-expressing 
melanoma patients without TILs seem to be only 
identified in a very small population (about 1%) [50]. 
In the present study, only four cases were identified 
as PD-L1+/CD8+TILlow. Due to limited number of 
cases in each group, including the 
PD-L1+/CD8+TILlow group, we could not be certain 
of the prognostic impact of PD-L1 and TIL status 
using multivariate analysis. Thus, further studies are 
needed in a larger cohort of melanoma patients, based 
on the race and histological subtype, to validate the 
prognostic significance of combined status of PD-L1 
and TILs. Nevertheless, our results obtained using the 
MEL scoring may support the prognostic value of 
PD-L1 expression in melanoma patients.  

In conclusion, we found that the combined status 
of PD-L1 and TILs was associated with survival 
outcome in Korean melanoma patients, although it 
cannot act as an independent prognostic factor. Our 
results suggest that an integrated analysis of both 
PD-L1 and TILs might be useful for predicting 
prognosis in patients with melanoma.  
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