
ANTICANCER RESEARCH
International Journal of Cancer Research and Treatment

ISSN: 0250-7005

Reprinted from
ANTICANCER RESEARCH 41: 219-226 (2021)

Programmed Death-Ligand 1 and Programmed 
Death-Ligand 2 Expression Can Affect 

Prognosis in Extramammary Paget’s Disease
AYA KAWAGUCHI1,2, JUN AKIBA3, REIICHIRO KONDO1, EIJI SADASHIMA4, 

SACHIKO OGASAWARA1, YOSHIKI NAITO3, HIRONORI KUSANO1, 
SAKIKO SANADA1, IKKO MUTO2, TAKEKUNI NAKAMA2 and HIROHISA YANO1

1Department of Pathology, Kurume University School of Medicine, Kurume, Japan;
2Department of Dermatology, Kurume University School of Medicine, Kurume, Japan;

3Department of Diagnostic Pathology, Kurume University Hospital, Kurume, Japan;
4Life Science Research Institute, Saga-ken Medical Centre Koseikan, Saga, Japan



P. A. ABRAHAMSSON, Malmö, Sweden
B. B. AGGARWAL, San Diego, CA, USA
T. AKIMOTO, Kashiwa, Chiba, Japan
P. Z. ANASTASIADIS, Jacksonville, FL, USA
A. ARGIRIS, San Antonio, TX, USA
J. P. ARMAND, Paris, France
V. I. AVRAMIS, Los Angeles, CA, USA
D.-T. BAU, Taichung, Taiwan, ROC
G. BAUER, Freiburg, Germany
E. E. BAULIEU, Le Kremlin-Bicetre, France
E. J. BENZ, Jr., Boston, MA, USA
J.-Y. BLAY, Lyon, France
J. BERGH, Stockholm, Sweden
F. T. BOSMAN, Lausanne, Switzerland
M. BOUVET, La Jolla, CA, USA
J. BOYD, Miami, FL, USA
G. BROICH, Monza, Italy
Ø. S. BRULAND, Oslo, Norway
J. M. BUATTI, Iowa City, IA, USA
M. CARBONE, Honolulu, HI, USA 
C. CARLBERG, Kuopio, Finland
A. F. CHAMBERS, London, ON, Canada
P. CHANDRA, Frankfurt am Main, Germany
L. CHENG, Indianapolis, IN, USA
J.-G. CHUNG, Taichung, Taiwan, ROC
R. CLARKE, Washington, DC, USA
A.P. CONLEY, Houston, TX, USA
E. DE CLERCQ, Leuven, Belgium
W. DEN OTTER, Amsterdam, The Netherlands
E. P. DIAMANDIS, Toronto, ON, Canada 
G. TH. DIAMANDOPOULOS, Boston, MA, USA
L. EGEVAD, Stockholm, Sweden
D. W. FELSHER, Stanford, CA, USA
J. A. FERNANDEZ-POL, Chesterfield, MO, USA
H. FU, Atlanta, GA, USA
B. FUCHS, Zurich, Switzerland
D. FUCHS, Innsbruck, Austria
D. FUKUMURA, Boston, MA, USA
G. GABBIANI, Geneva, Switzerland
R. GANAPATHI, Charlotte, NC, USA
A. GIORDANO, Philadelphia, PA, USA
M. GNANT, Vienna, Austria
R. H. GOLDFARB, Guilford, CT, USA
J.S. GREENBERGER, Pittsburgh, PA, USA
A. HELLAND, Oslo, Norway
L. HELSON, Quakertown, PA, USA
R. HENRIKSSON, Umeå, Sweden
R. M. HOFFMAN, San Diego, CA, USA
P. HOHENBERGER, Mannheim, Germany
F. JANKU, Houston, TX, USA
S. C. JHANWAR, New York, NY, USA
J. V. JOHANNESSEN, Oslo, Norway
R. JONES, London, UK
B. KAINA, Mainz, Germany
P. -L. KELLOKUMPU-LEHTINEN, Tampere, 
Finland

D. G. KIEBACK, Schleswig, Germany
R. KLAPDOR, Hamburg, Germany
K.L. KNUTSON, Jacksonville, FL, USA

H. KOBAYASHI, Bethesda, MD, USA
S. D. KOTTARIDIS, Athens, Greece
G. R. F. KRUEGER, Köln, Germany
Pat M. KUMAR, Manchester, UK
Shant KUMAR, Manchester, UK
O. D. LAERUM, Bergen, Norway
F. J. LEJEUNE, Lausanne, Switzerland
S. LINDER, Linköping, Sweden
L. F. LIU, Piscataway, NJ, USA
D. M. LOPEZ, Miami, FL, USA
E. LUNDGREN, Umea° , Sweden
Y. MAEHARA, Fukuoka, Japan
J. MAHER, London, UK
J. MARESCAUX, Strasbourg, France
S. S. MARTIN, Baltimore, MD, USA
S. MITRA, Houston, TX, USA
S. MIYAMOTO, Fukuoka, Japan
S. MONCADA, Manchester, UK
M. MUELLER, Villingen-Schwenningen,
Germany

F. M. MUGGIA, New York, NY, USA
M. NAMIKI, Kanazawa, Ishikawa, Japan
K. NILSSON, Uppsala, Sweden
S. PATHAK, Houston, TX, USA
J.L. PERSSON, Malmö, Sweden
G. J. PILKINGTON, Portsmouth, UK 
C. D. PLATSOUCAS, Norfolk, VA, USA
A. POLLIACK, Jerusalem, Israel
D. RADES, Lübeck, Germany
M. RIGAUD, Limoges, France
U. RINGBORG, Stockholm, Sweden
M. ROSELLI, Rome, Italy
S.T. ROSEN, Duarte, CA, USA
A. SCHAUER, Göttingen, Germany
M. SCHNEIDER, Wuppertal, Germany
J. SEHOULI, Berlin, Germany
A. SETH, Toronto, ON, Canada 
G. V. SHERBET, Newcastle-upon-Tyne, UK
A. SLOMINSKI, Birmingham, AL, USA
G.-I. SOMA, Kagawa, Japan
G. S. STEIN, Burlington, VT, USA
T. STIGBRAND, Umea° , Sweden
T. M. THEOPHANIDES, Athens, Greece
P. M. UELAND, Bergen, Norway
H. VAN VLIERBERGHE, Ghent, Belgium
R. G. VILE, Rochester, MN, USA
M. WELLER, Zurich, Switzerland
J. WESTERMARCK, Turku, Finland
B. WESTERMARK, Uppsala, Sweden
Y. YEN, Taipei, Taiwan, ROC
M.R.I. YOUNG, Charleston, SC, USA
B. ZUMOFF, New York, NY, USA

G. J. DELINASIOS, Athens, Greece
Managing Editor and 
Executive Publisher

J. G. DELINASIOS, Athens, Greece
Managing Editor (1981-2016)

Editorial Board Editorial Office: International Institute of Anticancer Research, 1st km
Kapandritiou-Kalamou Rd., Kapandriti, P.O. Box 22, Attiki 19014, Greece.
Tel / Fax: +30-22950-53389.

U.S. Branch: Anticancer Research USA, Inc., 111 Bay Avenue, Highlands,
NJ 07732, USA.

E-mails: Editorial Office: journals@iiar-anticancer.org

Managing Editor: editor@iiar-anticancer.org

ANTICANCER RESEARCH supports: (a) the establishment and the activities
of the INTERNATIONAL INSTITUTE OF ANTICANCER RESEARCH (IIAR;
Kapandriti, Attiki, Greece); and (b) the organization of the International
Conferences of Anticancer Research. The IIAR is a member of UICC. For
more information about ANTICANCER RESEARCH, IIAR and the
Conferences, please visit the IIAR website: www.iiar-anticancer.org

Publication Data: ANTICANCER RESEARCH (AR) is published bimonthly
from January 1981 to December 2008 and monthly from January 2009.
Each annual volume comprises 12 issues. Annual Author and Subject
Indices are included in the last issue of each volume. ANTICANCER
RESEARCH Vol. 24 (2004) and onwards appears online with Stanford
University HighWire Press from April 2009. All published articles are
deposited in PubMed Central.

Copyright: On publication of a manuscript in AR, which is a copyrighted
publication, the legal ownership of all published parts of the paper passes
from the Author(s) to the Journal.

Annual Subscription Rates 2021 per volume: Institutional subscription
US$ 1,898.00 (online) or US$ 2,277.00 (print & online). Personal
subscription US$ 897.00 (online) or US$ 1,277.00 (print & online). Prices
include rapid delivery and insurance. The complete previous volumes of
Anticancer Research (Vol. 1-40, 1981-2020) are available at 50% discount
on the above rates.

Subscription Orders: Orders can be placed at agencies, bookstores, or
directly with the Publisher. (e-mail: subscriptions@iiar-anticancer.org)

Advertising: All correspondence and rate requests should be addressed
to the Editorial Office.

Book Reviews: Recently published books and journals should be sent to
the Editorial Office. Reviews will be published within 2-4 months.

Articles in ANTICANCER RESEARCH are regularly indexed in all bibliographic
services, including Current Contents Life Sciences and Medical Sciences,
Science Citation Index Expanded, Index Medicus, Biological Abstracts,
PubMed, PubMed Central, Chemical Abstracts, BIOSIS, Previews, Essential
Science Indicators, Excerpta Medica, University of Sheffield Biomedical
Information Service, Current Clinical Cancer, AIDS Abstracts, Elsevier
Bibliographic Database, EMBASE, Compendex, GEOBASE, EMBiology,
Elsevier BIOBASE, FLUIDEX, World Textiles, Scopus, Progress in Palliative
Care, Cambridge Scientific Abstracts, Cancergram (International Cancer
Research Data Bank), MEDLINE, Reference Update - RIS Inc., PASCAL-
CNRS, Inpharma-Reactions (Datastar, BRS), CABS, Immunology Abstracts,
Telegen Abstracts, Genetics Abstracts, Nutrition Research Newsletter, Dairy
Science Abstracts, Current Titles in Dentistry, Inpharma Weekly, BioBase,
MedBase, CAB Abstracts/Global Health Databases, Investigational Drugs
Database, VINITI Abstracts Journal, Leeds Medical Information, PubsHub,
Sociedad Iberoamericana de Información Científíca (SIIC) Data Bases.

Obtaining permission to reuse or reproduce our content: AR has
partnered with Copyright Clearance Center (CCC) to make it easy to
secure permissions to reuse its content. Please visit www.copyright.com
and enter the title that you are requesting permission for in the ‘Get
Permission’ search box. For assistance in placing a permission request,
Copyright Clearance Center can be contacted directly at: Copyright
Clearance Center, 222 Rosewood Drive, Danvers, MA 01923 USA. Phone:
+1-978-750-8400. Fax: +1-978-646-8600. E-mail: info@copyright.com.

The Editors and Publishers of ANTICANCER RESEARCH accept no
responsibility for the opinions expressed by the contributors or for the
content of advertisements appearing therein.

Copyright© 2021, Ιnternational Institute of Anticancer Research

(Dr. George J. Delinasios), All rights reserved.

D.T.P. BY IIAR

PRINTED BY ENTYPO, ATHENS, GREECE. PRINTED ON ACID-FREE PAPER

ISSN (print): 0250-7005
ISSN (online): 1791-7530



Abstract. Background: Extramammary Paget’s disease
(EMPD) is a type of carcinoma that usually progresses slowly
but may cause metastasis and subsequent death of patients.
We investigated the relationship between the expression of
programmed death-ligand 1 (PD-L1)/programmed death-
ligand 2 (PD-L2) and stromal CD8+ tumor-infiltrating
lymphocytes (TILs) in EMPD and clinicopathological
findings, including prognosis. Materials and Methods: We
examined 47 cases of EMPD and performed immunohisto-
chemical staining of formalin-fixed paraffin-embedded full-
face sections. Results: PD-L1 expression in tumor cells was
observed in 13 cases (27.7%) while PD-L2 expression was
observed in 21 cases (44.7%). The cumulative postoperative
recurrence-free rate in the group with positivity for PD-L1
and/or PD-L2 with a low CD8+ TIL count was significantly
lower than that of the corresponding group with a high CD8+
TIL count and of the PD-L1- and PD-L2-negative group
(p=0.026). Conclusion: The expression of PD-L1/PD-L2 in
tumor cells was shown to be a factor for poor prognosis. 

Extramammary Paget’s disease (EMPD) is a rare cutaneous
carcinoma that often manifests in the vulva, penis, scrotum,
axillae, and perianal region in the elderly, and its etiology
remains poorly understood (1-3). Histopathologically, the
carcinoma tends to persist in the epidermis but infiltration into

the dermis has also been observed. Local mass formation and
regional lymph node metastases have also been noted, and
mortality linked to the primary disease can also occur as a
result of distant lymph node metastasis or hematogenous
metastasis (4). The tumor-node-metastasis (TNM)
classification for EMPD that is currently used in Japan is a
system proposed by Ohara et al. (5) and is being implemented
on a trial basis but there has been no international consensus
regarding staging thus far. In addition, the current guidelines
are based on histological features and do not yet define EMPD
on a molecular basis that can guide curative therapies.

In recent years, immune checkpoint inhibitors (ICIs) such as
nivolumab (a monoclonal antibody against human programmed
death-1 (PD1) have been increasingly and frequently used as a
new treatment for various malignant tumors such as malignant
melanoma, non-small cell lung cancer and renal cell carcinoma
(6, 7). ICIs are drugs that release suppression of the immune
response to cancer, and by inhibiting binding to PD1 and its
ligands, programmed death ligand-1 (PD-L1) and programmed
death ligand-2 (PD-L2), these drugs effectively maintain the
immune response to tumor. Response rates with a single ICI
have been reported to be approximately 10-30% (8). The
expression of PD-L1 and PD1 in tumor and immune cells
infiltrating the stroma has been reported to be useful as a
predictor of therapeutic efficacy (8-10).

The immunological microenvironment is currently being
studied in many types of malignant tumor such as malignant
melanoma, head and neck cancer, and hepatocellular
carcinoma (11-14). However, few reports have examined the
immunological tumor microenvironment in the context of
EMPD (15). In this study, we investigated the relationship
between the expression of PD-L1/PD-L2, immune checkpoint
ligands, and tumor stromal CD8+ T-cells in EMPD, as well as
the clinicopathological findings including prognosis.
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Materials and Methods

In this study, we examined 47 cases diagnosed with EMPD. All
EMPDs were surgically resected at our institutional hospital between
2009 and 2017. Clinical follow-up data were available for all 47
cases. Specimens were fixed in 10% neutral buffered formalin,
following paraffin embedding. Consecutive sections measuring 4 μm
in thickness were cut and stained with hematoxylin and eosin. A
medical history of colorectal carcinoma was assessed to distinguish
between primary and secondary diseases. Two pathologists (A.K. and
J.A.) independently conducted immunohistochemical evaluation.
Disagreement between pathologists was resolved by a joint review to
obtain a single consensus. 

Recurrence was defined as clinically confirmed post-operative
lymph node metastasis. The date of recurrence was defined as the
date of pathological diagnosis of lymph node metastasis. This study
complies with the institutional guidelines on human experimentation
by the Ethical Committee of our institution [approval #413].

Immunohistochemical (IHC) staining. We conducted IHC using
paraffin-embedded sections. IHC was performed using antibodies as
follows: anti-PD-L1 (1:200; clone E1L3N; Cell Signaling
Technology, Denver, MA), anti-PD-L2 (1:200; clone 176611; R&D
Systems, Minneapolis, MN), and anti-CD8 (1:200; clone 4B11; Leica
Microsystems, Newcastle, UK). IHC was performed using a Leica
Bond-III staining instrument (Leica Microsystems). Tonsil epithelium,
alveolar macrophages, and lymph nodes were used as positive
controls for PD-L1, PD-L2, and CD8, respectively. Vascular
endothelium was used as a negative control. The expression of PD-
L1 and PD-L2 in tumor cells was evaluated following previous
reports, including our report (8, 12). Based on these reports, cut-off
values for PD-L1 and PD-L2 were set as 1% and 50%, respectively.
In brief, PD-L1 positivity was defined as PD-L1 expression in more
than 1% of all tumor cells. PD-L2 positivity was defined as PD-L2
expression in more than 50% of all tumor cells. CD8+ tumor-
infiltrating lymphocytes (TILs) were evaluated based on previous
reports (16). To investigate lymphocyte infiltration of the stroma,
CD8+ TILs were counted in five high-power fields of view
(magnification: ×400) and the average number of cells per field of
view was assessed. The median number of CD8+ TILs was 14.8 per
high-power field of view (range=1.5-27.7). Cases with more CD8+
TILs than the median were collectively defined as having a high
CD8+ TIL count, whereas cases with fewer CD8+ TILs than the
median were defined having a low CD8+ TIL count.

Statistical analyses. Correlations between the number of CD8+ TILs
in invasive and non-invasive regions in the same case were analyzed
using Pearson’s correlation coefficients. The t-test and paired t-test
were used to compare the average of continuous variables, and chi-
square test or the Fisher’s exact probability test were used to compare
the proportions of categorical variables in PD-L1 and PD-L2
expression, and CD8+ TILs. The survival of patients was estimated
based on the Kaplan-Meier method and their differences were
evaluated using the log-rank test for disease-free survival. Clinical
and pathological variables were subjected to univariate analysis using
a Cox proportional hazard model. All tests were two-sided and a p-
value of less than 0.05 indicated a statistically significant difference.
Statistical analyses were performed using JMP software version 13
(SAS Institute, Cary, NC, USA) and R software version 3.4.4 (R
Foundation for Statistical Computing, Vienna, Austria).

Results

Patient characteristics. Patient characteristics are summarized
in Table I. The mean age of patients at the time of first visit was
73.4±10.5 years, and the sex ratio was 22:25. The median
period to diagnosis was 12 months (range=1-120 months).
Lesions were located in the vulva/scrotum/penis in most cases
(42/47, 89.4%). There were five cases (10.6%) with mass
formation, and two cases (4.3%) with elevated serum
carcinoembryonic antigen and cancer antigen-19-9 levels.
Positive surgical margins were identified in 12 cases (25.5%),
lymphatic invasion in 3 cases (6.4%), and preoperative lymph
node metastasis in 2 cases (4.3%). Invasive carcinoma was
present in only 14 cases (29.8%). Recurrence was found
postoperatively in 7 cases (14.9%), and mortality from primary
disease occurred in two cases (4.3%). The median follow-up
period was 1,154 days (range=202-2,603 days).

IHC findings. The staining patterns of PD-L1/PD-L2 and
CD8+ TILs are shown in Figure 1. Cells expressing PD-L1
and PD-L2 in the cell membrane, cytoplasm, or both were
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Table I. Patient characteristics. 

Clinicopathological factor                                           Value (n=47)

Age, years
  Mean±SD                                                                      73.4±10.5
Gender, n
  Male/female                                                                     22/25
Time to diagnosis, months
  Median (range)                                                            12 (1-120)
Tumor site, n (%)
  Vulva/scrotum/penis                                                     42 (89.4)
  Anus                                                                                4 (8.5)
  Axillary                                                                           1 (2.1)
Mass formation, n (%)
  Yes                                                                                  5 (10.6)
Serum CEA, n (%)
  ≥5 ng/ml                                                                          2 (4.3)
Serum CA19-9, n (%)
  ≥37 ng/ml                                                                        2 (4.3)
Surgical margin, n (%)
  Positive                                                                          12 (25.5)
Lymphatic invasion, n (%)
  Yes                                                                                   3 (6.4)
Preoperative lymph node metastasis, n (%)
  Yes                                                                                   2 (4.3)
Invasion to dermis, n (%)
  Present                                                                           14 (29.8)
  Absent                                                                           33 (70.2)
Recurrence, n (%)
  Yes                                                                                  7 (14.9)
Follow-up period, days
  Median (range)                                                      1,154 (202-2,603)
Death, n (%)
  Yes                                                                                   2 (4.3)



defined as positive. While PD-L1 did not show any specific
patterns of expression, a number of tumors demonstrated
positive PD-L2 expression in deeper regions of the tumor. 

PD-L1 was expressed in 13 cases (27.7%) in total and was
observed in seven cases (14.5%) of carcinoma in situ. Of 14
invasive carcinoma cases, expression of PD-L1 was detected
in both the non-invasive regions and invasive regions of six
cases (42.9%). In the remaining eight cases, no expression was
observed in either of these regions. The expression of PD-L1
was evenly distributed between the non-invasive and invasive
areas in the cases with PD-L1-positive invasive carcinoma.

PD-L2 was expressed in 21 cases (44.7%). PD-L2 expression
was observed in 12 cases (25.5%) of carcinoma in situ. Similar
to PD-L1, PD-L2 was expressed in both the non-invasive and
invasive regions of nine out of 14 invasive carcinoma cases
(64.3%). In the remaining five cases, no expression was
observed at all. PD-L2 expression was also evenly distributed
between the non-invasive and invasive regions in PD-L2-
positive invasive carcinoma cases. The number of CD8+ TILs
was significantly corelated in invasive and non-invasive regions
of invasive carcinoma when compared within the same case
(Figure 2A, r=0.671, p=0.009). Moreover, the number of CD8+
TILs was significantly less in invasive than in non-invasive
regions of invasive carcinoma (Figure 2B, p<0.001). The

numbers of CD8+ TILs were comparable between non-invasive
regions of invasive carcinoma and carcinoma in situ. No
significant difference was observed in the number of CD8+
TILs between carcinoma in situ and non-invasive regions of
invasive carcinoma cases.

PD-L1/PD-L2 in tumor cells and clinicopathological
correlations. There were no significant differences between
the PD-L1-positive and PD-L1-negative groups with respect
to clinicopathological factors patient age, sex, period to
diagnosis, preoperative lymph node metastasis, surgical
margin positive, lymphatic invasion, and presence of invasion
to the dermis. In addition, there was no significant difference
in PD-L1 expression and number of CD8+ TILs.

There were also no significant differences in
clinicopathological factors between the PD-L2-positive and
PD-L2-negative groups. In addition, there was no significant
difference in PD-L2 and CD8+ TIL count (Table II).

Correlations between PD-L1/PD-L2/CD8 TIL count and
patient prognosis. The PD-L1-positive group had a shorter
recurrence-free survival than the PD-L1-negative group (Figure
3A, log-rank test: p<0.001). The PD-L2-positive group also
exhibited a shorter recurrence-free survival period compared

Kawaguchi et al: PD-L1/PD-L2 Can Affect Prognosis in EMPD
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Figure 1. Representative microphotographs of morphological findings and immunohistochemistry for programmed death-ligand 1 (PD-L1)/programmed
death-ligand 2 (PD-L2) and CD8 in in situ and invasive extramammary Paget’s disease. A: Low magnification view showing invasion (blue) and in situ
(red) regions. Morphological findings (B, F) and immunohistochemical findings for PD-L1 (C, G), PD-L2 (D, H) and CD8 (E, I) in invasive (upper
panel) and in situ (lower panel) region.
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Figure 2. Correlation of the number of CD8+ tumor-infiltrating lymphocytes (TILs) in invasive and non-invasive regions of invasive carcinoma. A:
The number of CD8+ TILs in invasive and non-invasive regions was significantly positively correlated when compared within the same case
(r=0.671, p=0.009). B: The number of CD8+ TILs was significantly less in invasive than in non-invasive regions of invasive carcinoma (p<0.001).

Figure 3. Kaplan–Meier analysis of recurrence-free survival of patients with extramammary Paget’s disease. A: Comparison of prognosis between
cases with programmed death ligand 1 (PD-L1-)-positive and PD-L1-negative disease. The PD-L1-positive group had a shorter recurrence-free
survival than the PD-L1-negative group (p<0.001). B: Comparison of prognosis between PD-L2-positive and PD-L2-negative cases. The PD-L2-
positive group also exhibited a shorter recurrence-free survival period compared with the PD-L2-negative group (p=0.041). C: Comparison of
prognosis between cases positive for PD-L1 and/or PD-L2 and cases negative for PD-L1 and PD-L2. The PD-L1/PD-L2-positive group had a
shorter recurrence-free survival than the group negative for both PD-L1 and PD-L2 (p=0.041). D: Comparison of prognosis according to PD-L1
and PD-L2 status and the number of CD8+ tumor-infiltrating lymphocytes (TILs). Those positive for PD-L1 and/or PD-L2 with a low CD8+ TIL
count exhibited shorter recurrence-free survival than those with a high CD8+ TIL count, and those negative for both PD-L1 and PD-L2 (p=0.026).



with the PD-L2-negative group (Figure 3B, log-rank test:
p=0.041). Together, the group positive for PD-L1 and/or PD-
L2 had a shorter recurrence-free survival than the PD-L1- and
PD-L2-negative group (Figure 3C, log-rank test: p=0.041). The
group positive for PD-L1 and/or PD-L2 with a low CD8+ TIL
count exhibited shorter recurrence-free survival periods than
the corresponding group with a high CD8+ TIL count, and the
PD-L1- and PD-L2-negative group (Figure 3D, log-rank test:
p=0.026). In the univariate analysis of recurrence-free survival,
the presence of invasion to the dermis and lymphatic invasion

were extracted as significant factors; although there was no
statistically significant difference in recurrence, recurrence
tended to be associated with PD-L1-positive, PD-L2 positive,
and PD-L1- and/or PD-L2-positive status (Table III).

Discussion

We evaluated the expression of PD-L1, PD-L2, and CD8+ TILs
in patients with EMPD using IHC. Our data revealed that the
expression of PD-L1 and PD-L2 in tumor cells increased with

Kawaguchi et al: PD-L1/PD-L2 Can Affect Prognosis in EMPD
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Table II. Relationship between the expression programed death ligand-1 (PD-L1)/programmed death ligand-2 (PD-L2) and various factors.

                                                                                                                                       PD-L1                                                       PD-L2

Factor                                                           Subgroup                         Positive          Negative        p-Value         Positive         Negative             p-Value
                                                                                                               (n=13)              (n=34)                              (n=21)            (n=26)

Age, years                                                    Mean±SD                      72.3±12.8         73.8±9.7          0.325          75.1±2.3        75.1±2.1               0.844
Gender                                                          Male                                      6                      16             >0.999                8                    14                    0.381
                                                                     Female                                  7                      18                                       13                   12                      
Time to diagnosis (n=46)*                          ≥12 months                           7                      11                0.504                7                    11                    0.543
Tumor site, n                                                Vulva/scrotum/penis           13                     29               0.303               18                   24                    0.644
                                                                     Anus                                      0                       4                 0.564                2                     2                   >0.999
                                                                     Axillary                                 0                       1              >0.999                1                     0                     0.447
Mass formation, n                                        Yes                                        3                       2                 0.121                3                     2                     0.644
Serum CEA, n                                              ≥5 ng/ml                               0                       2              >0.999                1                     1                   >0.999
Serum CA19-9, n                                         ≥37 ng/ml                             0                       2              >0.999                1                     1                   >0.999
Surgical margin, n                                       Positive                                 3                       9              >0.999                7                     5                     0.326
Lymphatic invasion, n                                 Yes                                        2                       1                 0.181                1                     2                   >0.999
Preoperative lymph node metastasis, n      Yes                                        1                       1                 0.481                0                     2                     0.495
Invasion to dermis, n                                   Present                                  6                       8                 0.163                9                     5                     0.112
                                                                     Absent                                   7                      26                                       12                   21                      
PD-L1, n                                                      Positive                                                                                                    12                   14                    0.520
                                                                     Negative                                                                                                    9                    12                      
PD-L2, n                                                      Positive                                 7                      14               0.520                                                                
                                                                     Negative                                6                      20                                                                                        
CD8+ TIL count, n                                      High                                      4                      22               0.052               12                   14                 >0.999
                                                                     Low                                       9                      12                                        9                    12                      

CEA: Carcinoembryonic antigen; CA19-9: cancer antigen-19-9; TIL: tumor-infiltrating lymphocyte. *Data not available in one case.

Table III. Univariate analysis of clinicopathological factors associated with recurrence-free survival. 

Characteristic                                                                                                                                                      HR (95% CI)                               p-Value

Age                                                              ≥75 vs. 75 Years                                                                       2.054 (0.456 to 9.250)                       0.349
Gender                                                         Male vs. female                                                                        0.554 (0.107 to 2.861)                       0.481
Time to diagnosis                                       ≥12 vs. <12 Months                                                                 0.662 (0.128 to 3.418)                       0.623
Mass formation                                           Yes vs. no                                                                                 4.551 (0.861 to 24.055)                     0.075
Surgical margin positive                             Yes vs. no                                                                                 5.772 (0.672 to 49.593)                     0.110
Presence of lymphatic invasion                 Yes vs. no                                                                                 6.290 (1.214 to 32.587)                     0.028
Preoperative lymph node metastasis          Yes vs. no                                                                                 5.772 (0.672 to 49.593)                     0.110
Presence of invasion to dermis                  Yes vs. no                                                                               20.964 (2.503 to 175.558)                   0.005
PD-L1                                                          Positive vs. negative                                                                3.982 (0.884 to 17.938)                     0.072
PD-L2                                                          Positive vs. negative                                                                4.773 (0.918 to 24.816)                     0.063
PD-L1/PD-L2 expression                           One or both positive vs. both negative                                   6.756 (0.809 to 56.397)                     0.078

CI: Confidence intervaI; HR: hazard ratio; PD-L1/PD-L2: programmed death ligand-1/-2.



invasion, serving as a poor prognostic factor. CD8+ TILs were
further shown to significantly decrease with infiltration. PD-
L1 and PD-L2 status, as well as a low CD8+ TIL count were
found to be associated with shorter recurrence-free survival.

The expression of PD-L1/PD-L2 in tumor cells differs
depending on the type of carcinoma. PD-L1 and PD-L2 are
also expressed in non-small cell lung cancer, malignant
melanoma, and renal cell carcinoma, and it has been reported
that PD-L2 is more widely expressed in gastric cancer and
head and neck squamous cell carcinoma than PD-L1 (17). In
this study, we observed expression of both PD-L1 and PD-L2.
Umezu et al. reported that blocking both PD-L1 and PD-L2
may enhance the activity of antitumor immunity compared
with blocking PD-L1 alone. The reason for this is that
inhibition of PD-L1 induces PD-L2 expression on tumor-
associated macrophages, and the function of PD-L2 is
enhanced (18). It has been suggested that simultaneous
inhibition of PD-L1 and PD-L2 is necessary to activate
antitumor immunity, which would be particularly important in
cases of EMPD expressing both PD-L1 and PD-L2.

There have been several reports regarding PD-L1 and PD-
L2 expression in EMPD. Karpathiou et al. (19) reported that
no PD-L1 expression was observed in any of the cases
described in their study, while Duverger et al. (20) and Mauzo
et al. (21) reported expression in 57.1% and 14.2% of EMPD
cases, respectively. Although there are fewer reports of PD-L2
expression, Pourmaleki et al. (22) reported no expression in
all of their cases. The difference in the positivity rate may be
related to the cut-off value provided, differences in antibody
clones, and the ratio of invasive carcinoma among the cases.
Pourmaleki et al. also compared the expression levels of PD-
L1/PD-L2 in invasive and non-invasive regions in the same
case and reported a strong correlation between them (22). Our
findings were largely consistent with these results. Stated
differently, in the context of EMPD, it may be possible to
extract cases at high risk of developing invasive carcinoma by
examining PD-L1 expression in biopsy samples obtained from
non-invasive portions. However, an additional study using a
large cohort should be conducted to further accumulate case
data. In various cancer types, the expression of PD-L1 in
tumor cells and the number of CD8+ TILs were shown to be
positively correlated (20, 23-27). CD8+ TILs that infiltrate the
stroma are believed to be one factor associated with a
favorable prognosis (28-31). In this study, cases with PD-L1
and/or PD-L2, and a low CD8+ TIL count had poor prognoses.
Additionally, up-regulation of PD-L1/PD-L2 expression was
observed along with invasion of tumor cells in this study. We
believe that a dramatic change in the immune
microenvironment occurred in parallel. As PD-L1/PD-L2
expression acts to suppress tumor immunity, tumor cells that
express PD-L1/PD-L2 thereby evade the immune system, and
we hypothesize that the tumor progresses due to suppression
of the activation of CD8+ TILs.

By contrast, Iga et al. reported that in EMPD, CD8+ TILs
in the tumor stroma were predominant in cases with poor
prognosis (15). Duverger et al. reported that CD8+ TILs had
no prognostic association with respect to cutaneous adnexal
tumors, including EMPD (20). Thus, findings regarding CD8+
TILs in cases of EMPD are inconsistent. The report by Iga et
al. offered a detailed phenotype analysis of CD8+ TILs.
Infiltrate CD8+ TILs exhibit an exhausted phenotype, and
although these cells are present in the tumor stroma, they are
hypothesized to have no effective effect on antitumor
immunity. Additionally, the proportion of cases with PD-L1-
positive tumor cells in their study was similar to ours, despite
the inclusion of more invasive carcinoma cases than our study.
In our study, since the expression of PD-L1 was more evident
in invasive carcinoma cases, it is possible that changes in the
immune microenvironment due to PD-L1-positive carcinoma
cells are involved in the degree of CD8+ TIL infiltration.

The use of ICIs may be limited to cases where surgery is
not curative and the disease is progressive. In our study, while
expression of PD-L1/PD-L2 was observed primarily in the
tumor cells located in the invasive regions, almost no CD8+
TILs were detected in the tumor stroma. The presence of
stromal immune cells as well as PD-L1/PD-L2 expression on
tumor cells is essential in determining the proper application
of ICIs (32). In our study, the immune environment in the
invasive portions of EMPD cases corresponds to so-called
‘Desert or cold’ tumors, on which ICIs can be expected to
have a negligible effect. The effective use of ICIs requires
activation of the immune microenvironment to a ‘hot’ or
inflamed state (33). EMPD has also been described as having
an immunophenotype similar to that of breast cancer (34). In
breast cancer, it has been reported that interleukin-17A and
matrix metalloproteinase-9 antibodies alter the tumor
microenvironment to a ‘hot’ state, and even in cases of
EMPD, it may be necessary to employ these immune-
activators together with ICIs for more effective therapeutic
activity (35, 36).

In addition, tumors with PD-L1 expression have been
reported in various types of carcinomas with highly malignant
potential, which may be one of the reasons for poor prognosis
in PD-L1/PD-L2-positive cases (37). Although there is
currently no histological classification for EMPD, it may be
possible that cases with high malignant potential may be
identified using PD-L1/PD-L2 expression.

Our study has several limitations. Firstly, we used a
retrospective cohort involving a relatively small number of
patients from a single facility. Secondly, it was not possible
to conduct a multivariate analysis due to the rarity of
EMPD. Finally, with only two patients succumbing to their
disease, it is difficult to correlate the current findings with
precise outcomes. Therefore, future investigations and
validations using prospective studies with a larger patient
sample size are required.
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In conclusion, the expression of PD-L1/PD-L2 was shown
to be a prognostic factor in EMPD. Furthermore, the invasion
of tumor cells appears to correlate with a dramatic change in
the immune microenvironment, such as a reduction in the
number of CD8+ TILs, which may result in the formation of
a suppressive immune microenvironment and a corresponding
poor prognosis. The expression of PD-L1/PD-L2 can also vary
by case, and consideration of CD8+ TIL infiltration as well as
PD-L1/PD-L2 expression when using an ICI may be valuable
for the selection of cases in which treatment can be expected
to be most effective.
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2000-2015. Geneva, World Health Organisation, 2016. Available at http://www.who.int/healthinfo/global_burden_disease/estimates/en/index2.html.
Last accessed on 3rd April 2018. (The web address should link directly to the cited information and not to a generic webpage).

Nomenclature and Abbreviations. Nomenclature should follow that given in “Chemical Abstracts”, “Index Medicus”, “Merck Index”,
“IUPAC -IUB”, “Bergey’s Manual of Determinative Bacteriology”, The CBE Manual for Authors, Editors and Publishers (6th edition,
1994), and MIAME Standard for Microarray Data. Human gene symbols may be obtained from the HUGO Gene Nomenclature Committee
(HGNC) (http://www.gene.ucl.ac.uk/). Approved mouse nomenclature may be obtained from http://www.informatics.jax.org/. Standard
abbreviations are preferable. If a new abbreviation is used, it must be defined on first usage.
Clinical Trials. Authors of manuscripts describing clinical trials should provide the appropriate clinical trial number in the correct format
in the text.

For International Standard Randomised Controlled Trials (ISRCTN) Registry (a not-for-profit organization whose registry is administered
by Current Controlled Trials Ltd.) the unique number must be provided in this format: ISRCTNXXXXXXXX (where XXXXXXXX
represents the unique number, always prefixed by “ISRCTN”). Please note that there is no space between the prefix “ISRCTN” and the
number. Example: ISRCTN47956475.

For Clinicaltrials.gov registered trials, the unique number must be provided in this format: NCTXXXXXXXX (where XXXXXXXX
represents the unique number, always prefixed by ‘NCT’). Please note that there is no space between the prefix ‘NCT’ and the number.
Example: NCT00001789.
Ethical Policies and Standards. ANTICANCER RESEARCH agrees with and follows the “Uniform Requirements for Manuscripts
Submitted to Biomedical Journals” established by the International Committee of Medical Journal Editors in 1978 and updated in October 2001
(www.icmje.org). Microarray data analysis should comply with the “Minimum Information About Microarray Experiments (MIAME) standard”.
Specific guidelines are provided at the “Microarray Gene Expression Data Society” (MGED) website. Presentation of genome sequences should
follow the guidelines of the NHGRI Policy on Release of Human Genomic Sequence Data. Research involving human beings must adhere to
the principles of the Declaration of Helsinki and Title 45, U.S. Code of Federal Regulations, Part 46, Protection of Human Subjects, effective
December 13, 2001. Research involving animals must adhere to the Guiding Principles in the Care and Use of Animals approved by the Council
of the American Physiological Society. The use of animals in biomedical research should be under the careful supervision of a person adequately
trained in this field and the animals must be treated humanely at all times. Research involving the use of human foetuses, foetal tissue, embryos
and embryonic cells should adhere to the U.S. Public Law 103-41, effective December 13, 2001.

Submission of Manuscripts. Please follow the Instructions for Authors regarding the format of your manuscript and references.
Manuscripts must be submitted only through our online submission system at: http://www.iiar-submissions.com/login.html
In case a submission is incomplete, the corresponding Author will be notified accordingly. Questions regarding difficulties in using the
online submission system should be addressed to: email: journals@iiar-anticancer.org
Galley Proofs. Unless otherwise indicated, galley proofs will be sent to the corresponding Author of the submission. Corrections
of galley proofs should be limited to typographical errors. Reprints, PDF files, and/or Open Access may be ordered after the
acceptance of the paper. Authors of online open access articles are entitled to a complimentary online subscription to Anticancer
Research for the current year and all previous digital content since 2004 (upon request to the Subscriptions Office). Galley proofs
should be returned corrected to the Editorial Office by email (iiar@iiar-anticancer.org) within two days.

Specific information and additional instructions for Authors
1. Anticancer Research (AR) closely follows the new developments in all fields of experimental and clinical cancer research by (a)

inviting reviews on topics of immediate importance and substantial progress in the last three years, and (b) providing the highest
priority for rapid publication to manuscripts presenting original results judged to be of exceptional value. Theoretical papers will only
be considered and accepted if they bear a significant impact or formulate existing knowledge for the benefit of research progress.

2. Anticancer Research will consider the publication of conference proceedings and/or abstracts provided that the material submitted
fulfils the quality requirements and instructions of the journal, following the regular review process by two suitable referees.

3. An acknowledgement of receipt, including the article number, title and date of receipt is sent to the corresponding author of each
manuscript upon receipt. If this receipt is not received within 20 days from submission, the author should call or write to the Editorial
Office to ensure that the manuscript (or the receipt) was not lost in the mail or during electronic submission.

4. Each manuscript submitted to AR is sent for peer-review in confidence to two-three suitable referees with the request to return the
manuscript with their comments to the Editorial Office within 12 days from receipt. If reviewers need a longer time or wish to send the
manuscript to another expert, the manuscript may be returned to the Editorial Office with a delay. All manuscripts submitted to AR, are
treated in confidence, without access to any person other than the Managing Editor, the journal’s secretary, the reviewers and the printers.
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5. All accepted manuscripts are carefully corrected in style and language, if necessary, to make presentation clear. (There is no fee for this
service). Every effort is made (a) to maintain the personal style of the author’s writing and (b) to avoid change of meaning. Authors will
be requested to examine carefully manuscripts which have undergone language correction at the pre-proof or proof stage.

6. Authors should pay attention to the following points when writing an article for AR:
• The Instructions to Authors must be followed in every detail.
• The presentation of the experimental methods should be clear and complete in every detail facilitating reproducibility by other scientists.
• The presentation of results should be simple and straightforward in style. Results and discussion should not be combined into one section,

unless the paper is short.
• Results given in figures should not be repeated in tables.
• Figures (graphs or photographs) should be prepared at a width of 8 or 17 cm with legible numbers and lettering.
• Photographs should be clear with high contrast, presenting the actual observation described in the legend and in the text. Each legend

should provide a complete description, being self-explanatory, including technique of preparation, information about the specimen and
magnification.

• Statistical analysis should be elaborated wherever it is necessary. Simplification of presentation by giving only numerical or % values
should be avoided.

• Fidelity of the techniques and reproducibility of the results, should be points of particular importance in the discussion section. Authors
are advised to check the correctness of their methods and results carefully before writing an article. Probable or dubious explanations
should be avoided.

• Authors should not cite results submitted for publication in the reference section. Such results may be described briefly in the text with
a note in parenthesis (submitted for publication by… authors, year).

• References. Each article should address, list and discuss the entire spectrum of current publications relevant to its field.
• By following these instructions, Authors will facilitate a more rapid review and processing of their manuscripts and will provide the

readers with concise and useful papers.
7. Following review and acceptance, a manuscript is examined in language and style, and galley proofs are rapidly prepared. Second

proofs are not sent unless required.
8. Authors should correct their galley proofs very carefully and preferably twice. An additional correction by a colleague always proves

to be useful. Particular attention should be paid to chemical formulas, mathematical equations, symbols, medical nomenclature etc.
Any system of correction marks can be used in a clear manner, preferably with a red pen. Additions or clarifications are allowed
provided that they improve the presentation but do not bring new results (no fee).

9. Articles submitted to AR may be rejected without review if:
• they do not fall within the journal's policy.
• they do not follow the instructions for authors.
• language is unclear.
• results are not sufficient to support a final conclusion.
• results are not objectively based on valid experiments.
• they repeat results already published by the same or other authors before the submission to AR.
• plagiarism is detected by plagiarism screening services.

(Rejection rate (2020): 68%).
10. Authors who wish to prepare a review should contact the Managing Editor of the journal in order to get confirmation of interest in the particular

topic of the review. The expression of interest by the Managing Editor does not necessarily imply acceptance of the review by the journal.
11. Authors may inquire information about the status of their manuscript(s) by calling the Editorial Office at +30-22950-53389, Monday

to Friday 9.00-16.00 (Athens time), or by sending an e-mail to journals@iiar-anticancer.org
12. Authors who wish to edit a special issue on a particular topic should contact the Managing Editor.
13. Authors, Editors and Publishers of books are welcome to submit their books for immediate review in AR. There is no fee for this service.
(This text is a combination of advice and suggestions contributed by Editors, Authors, Readers and the Managing Editor of AR).
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