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Background: The outcome of extramammary Paget’s disease (EMPD) is poor when it
progresses to metastasis because of the lack of effective systemic therapies. Recently,
CDK4-targeted therapy has attracted attention as a potential therapeutic target for some
cancers. The aim of this study was to analyze the impact of CDK4 expression on the
survival of patients with EMPD.

Methods: We retrospectively reviewed 110 patients with EMPD. We conducted
immunohistochemical analysis of CDK4 and cyclin D1 expression, and assessed the
association between their expression and survival.

Results:Most EMPD lesions (108/110, 98.2%) were positive for CDK4 staining and there
was a positive correlation between CDK4 expression and cyclin D1 expression (r = 0.54,
p < 0.001). Tumor thickness (p = 0.0003) and the presence of regional lymph node
metastasis (p = 0.015) were significantly associated with high CDK4 expression.
Regarding invasive EMPD, the multivariate analysis did not show the correlation
between the expression of CDK4/cyclin D1 and survival outcomes (HR: 3.14, p = 0.14).

Conclusion: The overexpression of CDK4 was identified as a major risk factor for disease
progression. CDK4-targeted therapy could thus be a novel treatment option for
unresectable EMPD.
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INTRODUCTION

Extramammary Paget’s disease (EMPD), first reported by Crocker in 1889, is an uncommon skin
cancer that shows a propensity to occur in anogenital/axillary areas in the elderly (1–4). In most
EMPD patients, the prognosis is good because most tumors of this type remain restricted to the
epidermis as in situ lesions and are slow-growing (2, 5). However, we sometimes encounter patients
with invasive EMPD, which increases the risk of lymph node and distant metastasis, resulting in a
poor prognosis (3, 6–10).

Complete surgical resection is the first-line treatment for EMPD in the localized stage. However,
it is sometimes difficult to complete appropriate resection because of an unclear tumor border and
Abbreviations: EMPD, extramammary Paget’s disease; CDK, cyclin-dependent kinase; CK, Cytokeratin; Rb, retinoblastoma;
TNM, tumor, node, and metastasis; DSS, disease-specific survival; SLNB, sentinel lymph node biopsy; CLND, completion
lymph node dissection.
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the invasion of mucosal areas (e.g., anorectum, urethra, vagina),
leading to incomplete resection, tumor recurrence, and
subsequent tumor progression to metastasis (9, 11–13). Several
therapeutic modalities such as radiation therapy, chemotherapy,
and molecular-targeted therapy have been reported (4, 5, 14, 15).
In particular, targeted therapies using monoclonal antibodies
against human epidermal growth factor receptor 2 (HER2) have
been applied for metastatic EMPD with some success (16–20).
However, their efficacy in treating unresectable EMPD is
unsatisfactory. Recently, several genomic profiling analyses
using genomic sequencing were conducted in order to
determine driver mutations in EMPD (21–23). Despite the
progress made, new treatment modalities are required (24–26).

The cyclin D1 cyclin-dependent kinase (CDK)4/6 has been
identified as an important factor in several malignant tumors.
CDK4/6 controls the cell cycle progression through its
interaction with cyclin D1. Clinical trials or preclinical studies
on CDK4/6 inhibitors have been implemented for some
malignant tumors (27–29). Moreover, CDK4/6 inhibitors are
currently widely used for the treatment of breast cancer, and
their therapeutic value in this disease context has attracted
significant attention (30–33). Regarding EMPD, a recent report
(34) suggested that CDK4 and cyclin D1 are overexpressed in
EMPD tumor cells. However, the impact of their expression on
prognosis has not been elucidated.

In this study, we examined CDK4 expression in 110 clinical
EMPD samples using immunohistochemistry in our institution.
We also examined the expression of cyclin D1 and analyzed
its correlation with CDK4 expression. In addition, we assessed
the associations between CDK4/cyclin D1 expression and
patient survival.
MATERIALS AND METHODS

Data Collection
We retrospectively collected the data of 110 patients with primary
EMPD lesions. These patients were treated at the Department of
Dermatology, Kyushu University (Fukuoka, Japan), between
January 1997 and December 2018. At least three experienced
dermatopathologists confirmed the diagnosis. Cases of secondary
EMPD, with direct expansion from cancer of a visceral organ,
were excluded. The following patient data were collected:
demographic data (sex, age at initial presentation), clinical data
(tumor site, primary lesion size), and histopathological data
obtained from the surgical specimen (tumor thickness,
lymphovascular invasion). Tumor thickness was measured to
the second decimal place, as per the latest melanoma
classification guidelines of the American Joint Committee on
Cancer (35). For patients with two or more primary lesions, we
recorded the greatest tumor thickness and total tumor size. Lymph
node metastasis was primarily determined by histopathology.
Patients who had lymphadenopathy detected by physical
examination or imaging studies [ultrasonography, computed
tomography (CT), and/or positron emission tomography with
computed tomography (PET/CT)] were also considered to have
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metastasis. Distant metastasis was also determined by imaging
studies. The TNM stage was defined in accordance with an
EMPD-specific staging system (6). The T category was
determined according to tumor thickness and lymphovascular
invasion: T0, in situ tumor; T1, tumor thickness ≤ 4 mm and
no lymphovascular invasion; and T2, tumor thickness > 4 mm or
lymphovascular invasion. The N category was categorized as
follows: N0, no lymph node metastasis; N1, metastasis involving
one lymph node; and N2, metastasis involving two or more lymph
nodes. For the M category, M0 indicated no distant metastasis,
and M1 indicated distant metastasis.

This retrospective review of our patients was conducted in
accordance with the guidelines of the Declaration of Helsinki.
This study was approved by the Ethics Committee of Kyushu
University Hospital (30–363; November 27, 2018).

Immunohistochemistory
All formalin-fixed (24 h in 10% buffered formalin), paraffin-
embedded EMPD tissues were obtained from the archives of
Kyushu University Hospital. Immunohistochemical staining was
performed as reported previously with slight modifications (34).
Tissue samples were cut into 4 µm sections. For immunostaining,
antigen retrieval was performed with Heat Processor Solution
pH 9 (Nichirei Biosciences, Tokyo, Japan) for CDK4 and cyclin
D1 at 100°C for 40 min. The primary antibody was diluted with
Dako REAL Antibody Diluent (s2022; Dako Denmark A/S,
Glostrup, Denmark). The sections were incubated with
primary rabbit monoclonal antibodies against CDK4 (1:400,
12790; Cell Signaling Technology, Beverly, MA, USA) and
cyclin D1 (1:200, 55506; Cell Signaling Technology, Beverly,
MA, USA) at 4°C overnight, followed by incubation with N-
Histofine Simple Stain MAX-PO MULTI (724152; Nichirei
Biosciences) as the secondary antibody for 30 min at
room temperature. Immunoreactions were detected using 3,3′-
diaminobenzidine tetrahydrochloride (725191; Nichirei
Biosciences) as a chromogenic substrate, and specimens were
counterstained using hematoxylin. Cytokeratin 7 (CK7) was also
stained simultaneously to distinguish EMPD tumor cells.
Antigen was retrieved via incubation with protease (715231;
Nichirei Biosciences) for 5 min followed by mouse anti-human
CK7 (prediluted by the supplier, 713481; Nichirei Biosciences) as
the primary antibody for 30 min at room temperature. We then
incubated sections with N-Histofine Simple Stain AP MULTI
(414261; Nichirei Biosciences) as the secondary antibody for
30 min at room temperature. Immunoreactions were detected
using FastRed II (415261; Nichirei Biosciences) as a chromogen,
and specimens were counterstained using hematoxylin.

Evaluation of CDK4/Cyclin D
Immunohistochemical Staining
The immunohistochemical results were evaluated by a
semiquantitative approach using the H-score (36, 37). The
intensity of staining was graded as follows: no staining (0),
weakly positive (1+), moderately positive (2+), and strongly
positive (3+) (Supplementary Figure 1). Neither CDK4 nor
cyclin D1 was stained in the normal epidermis. The staining of
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CDK4 and cyclin D1 in EMPD was generally homogeneous. The
H-scores of CDK4 and cyclin D1 were calculated as the
percentage of positive cells (0%–100%) multiplied by
the staining intensity (0–3+), with the final score ranging from
0 to 300. The H-scores were calculated by counting tumor cells in
three random high-power fields (×200). Two independent
dermatologists (H.H. and T.I.) who were blinded to the clinical
information assessed the sections. Images were taken using an
ECLIPSE 80i microscope (Nikon, Tokyo, Japan). The sample was
divided into two groups based on the mean H-score, and patient
background and prognosis were compared.

Treatment and Follow-up
All patients underwent surgical excision for their primary lesions,
basically with wide margins (1.0–5.0 cm). For regional lymph
node metastasis or distant metastasis, the patients underwent
complete lymph node dissection, systemic chemotherapy, and/or
radiation therapy alone or in an appropriate combination. They
were monitored by physical examination every 3–6 months and
imaging (ultrasonography, chest X-ray, and/or CT). Survival data,
including the duration of survival and cause of death, were
recorded. The median follow-up period was 85.1 months
(range: 2.0–225.8 months). By the last follow-up, 79 patients
were alive, 13 had died of EMPD, and 18 had died of other causes.

Statistical Analysis
All statistical analyses were performed using JMP version 14.2
(SAS Institute, Cary, NC, USA). The c2 test or Fisher’s exact
test was used to analyze categorical variables, whereas the Mann–
Whitney U test was used to analyze continuous variables.
Correlations between the levels of CDK4 and cyclin D1 staining
were assessed by Pearson’s correlation coefficient analysis. We
used the Kaplan-Meier method to evaluate disease-specific
survival (DSS), and we compared survival curves using the log-
rank test. DSS was calculated from the date of the first histological
examination to the date of death due to EMPD or the last follow-
up prior to March 31, 2021. Data for patients who did not die were
censored on March 31, 2021. Data for patients who died of other
causes were censored at the time of death. The associations of
clinical and histopathological factors with DSS were determined
using a multivariate Cox proportional hazards regression model.
P-values less than 0.05 were regarded as statistically significant.
RESULTS

Clinicopathological Data
of the Study Cohort
The demographic and clinical data of the 110 patients with
primary EMPD are shown in Table 1. All patients were Japanese,
with a mean age of 72.6 years (range: 42–91 years). There were 70
male patients (63.6%) and 40 female patients (36.4%). Tumors
were predominantly localized in the genital area (84.5%),
followed by the perianal area (3.6%) and the axillary area
(3.6%). Multiple lesions or tumors spreading over two areas
were seen in nine patients (8.2%), including eight patients with
lesions in the perianal area. There were 53 patients (48.2%) with
Frontiers in Oncology | www.frontiersin.org 3
small primary lesions (< 25 cm2) and 57 (51.8%) with large
lesions (≥ 25 cm2). A total of 62 patients (56.4%) had tumors in
situ and the remaining 48 patients (43.6%) had invasive tumors.
Tumor thickness was stratified as ≤ 1 mm, 1–4 mm, or > 4 mm
for invasive tumors. There were 15 patients (13.6%) with tumors
≤ 1 mm, 22 (20.0%) with tumors 1–4 mm, and 11 (10.0%) with
tumors > 4 mm. Lymphovascular invasion was observed in nine
patients (8.2%). Regional lymph node metastasis was found in
14 patients (12.7%). Five patients (4.5%) had one metastatic
lymph node, and nine (8.2%) had two or more. Distant
metastasis was observed in five patients (4.5%).

CDK4/Cyclin D1 Expression in EMPD
As previously reported (34), neither CDK4 nor cyclin D1 was
observed in the epidermis. CK7 was stained simultaneously to
distinguish EMPD tumor cells. Positive CK7 staining was
indicated by a red color. Representative images of CDK4,
cyclin D1, and CK7 staining in EMPD lesions are presented
in Figure 1. The majority of the tumor cells were positive for
CDK4 staining and cyclin D1 staining in the nuclei. Cytoplasmic
staining was observed in association with nuclear staining.
Almost all EMPD samples (108/110, 98.2%) were positive for
CDK4 staining (staining was defined as positive when at least
some of the tumor cells were stained), and 98 of 110 (89.1%)
TABLE 1 | Demographics and clinical data of all 110 patients.

Parameter n (%)

Sex
Male 70 (63.6)
Female 40 (36.4)

Age (years)
Mean ± SD 72.6 ± 9.4
Median (range) 72 (42-91)

Tumor site
Genital area only 93 (84.5)
Perianal area only 4 (3.6)
Axillary area only 4 (3.6)
Genital + perianal areas 6 (5.5)
Genital + axillary areas 1 (0.9)
Perianal + axillary areas 1 (0.9)
Genital + perianal + axillary areas 1 (0.9)

Primary lesion size (cm2)
< 25 53 (48.2)
≥ 25 57 (51.8)

TT (mm)
In situ 62 (56.4)
≤ 1 15 (13.6)
1–4 22 (20.0)
> 4 11 (10.0)

Lymphovascular invasion
Present 9 (8.2)
Absent 101 (91.8)

Metastasis
Regional LN metastasis
N0 96 (87.3)
N1 5 (4.5)
N2 9 (8.2)

Distant metastasis
M0 105 (95.5)
M1 5 (4.5)
July 2021 | Volume 11 | Arti
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EMPD samples were positive for cyclin D1 staining at various
staining intensities. Only one (0.9%) EMPD sample showed
negative staining (H-score: 0) for both CDK4 and cyclin D1,
which involved EMPD in situ. The mean H-score of CDK4
staining was 97.7 and the median score was 96.5 (range: 0–234).
The mean H-score of cyclin D1 staining was 47.9 and the median
score was 39 (range: 0–195). Figure 2 shows the correlation
between CDK4 and cyclin D1 expression. There was a positive
correlation between these staining levels (r = 0.54, p < 0.001). We
divided the sample into two sets of two groups based on the
mean H-scores: CDK4-low (H-score ≤ 97) and CDK4-high
(H-score > 97), and cyclin D1-low (H-score ≤ 47) and cyclin
D1-high (H-score > 47).

Association of CDK4/Cyclin D1 With
Clinicopathological Factors
Table 2 presents the associations between immunohistochemical
CDK4/cyclin D1 expression and clinicopathological factors.
Frontiers in Oncology | www.frontiersin.org 4
In total, 54 (49.1%) and 56 patients (50.9%) were categorized
into the CDK4-high and CDK4-low groups, respectively. Among
these factors, tumor thickness (p = 0.0003) and the presence of
regional lymph node metastasis (p = 0.015) were significantly
associated with high CDK4 expression. Regarding the expression
of cyclin D1, 47 (42.7%) and 63 patients (57.3%) were
categorized into the cyclin D1-high and cyclin D1-low groups,
respectively. No factors were significantly associated with the
expression of cyclin D1.

Prognostic Impact of CDK4 and
Cyclin D1 Expression
We evaluated the possible clinical and histopathological factors
associated with DSS by using a multivariate Cox proportional
hazards regression model. First, the survival analysis was
performed in patients with invasive EMPD. Since six patients
with invasive EMPD who had died of other causes were excluded
from the survival analysis, 42 patients were included in the
A

B

D

C

FIGURE 1 | (A–D) Representative histopathological images of CDK4, cyclin D1, and cytokeratin 7 staining in EMPD. H-scores for CDK4 were: (A) 153, (B) 121,
(C) 185, and (D) 200, and H-scores for cyclin D1 were: (A) 121, (B) 90, (C) 106, and (D) 195.
July 2021 | Volume 11 | Article 710378
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analysis. The following factors were included as explanatory
variables: sex, age, tumor site, tumor size, TNM stage, and
CDK4/cyclin D1 expression. Since there was a strong
correlation between the expression of CDK4 and that of cyclin
D1 (r = 0.54, p < 0.001), multivariate analysis was performed
under the condition that the expression levels of both of these
molecules were high. Tumor thickness and regional lymph node
metastasis were excluded from the model because they strongly
correlated with CDK4 expression and TNM stage. The results are
listed in Table 3. The results of univariate analysis revealed that
TNM advanced stage was statistically significant factors for poor
survival (HR: 11.84, p = 0.0002). Multivariate analysis confirmed
the associations of TNM advanced stage with DSS (HR: 19.24,
p < 0.0001). The overexpression of both CDK4 and cyclin D1 was
not a statistically significant factor for poor survival (HR: 3.14,
p = 0.14), possibly due to the insufficient number of patients with
invasive EMPD. The Kaplan-Meier curves of patients stratified
by CDK4/cyclin D1 expression are shown in Figure 3.

The additional analysis was performed on 92 patients with
EMPD, including the cases of tumor in situ and excluding those
who had died of other causes. The results of univariate analysis
revealed that TNM advanced stage and overexpression of both
CDK4 and cyclin D1 were statistically significant factors for poor
survival. Multivariate analysis confirmed the associations of
TNM advanced stage (HR: 43.08, p < 0.0001), and
overexpression of both CDK4 and cyclin D1 (HR: 4.76,
p = 0.033) with DSS. The results of multivariate analysis and
Kaplan-Meier curves of EMPD patients stratified by CDK4
expression and cyclin D1 expression are available in
Supplementary Table 1 and Supplementary Figures 2, 3.
Frontiers in Oncology | www.frontiersin.org 5
DISCUSSION

The cyclin D1-CDK4/6 inhibitor of the CDK4 (INK4)-
retinoblastoma (Rb) signaling pathway regulates cellular
proliferation by controlling the first gap (G1)- to DNA
synthesis (S)-phase cell cycle checkpoint. Dysregulation of this
pathway is frequently observed in malignant tumors and
contributes to cell cycle progression and continued growth (27,
38). For example, overexpression of at least one cyclin D1-
CDK4/6-INK4-Rb pathway component occurs in most cases of
breast cancer (39), melanoma (40), head and neck squamous cell
carcinoma (41), and liposarcoma (42, 43). Abnormal
dysregulation of the CDK4/6-cyclin D1 complex is a hallmark
of cancer.

Although the overexpression of CDK4 and cyclin D1 is also
observed in EMPD tumor cells (34, 44, 45), the correlation
between their expression and patients’ prognosis has not been
elucidated. In this study, we retrospectively reviewed 110
patients with EMPD, and assessed the associations between
CDK4/cyclin D1 expression and survival. Almost all EMPD
lesions (108/110, 98.2%) exhibited CDK4 expression. Notably,
high CDK4 expression in EMPD was significantly associated
with greater tumor thickness and the presence of lymph node
metastasis, which are known as prognostic factors (46, 47). Our
results imply that the overexpression of CDK4 and cyclin D1
accelerates the progression of EMPD. In the multivariate
analysis on patients with invasive EMPD, the overexpression
of both CDK4/cyclin D1 was not associated with poor survival
outcomes (HR: 3.14, p = 0.14), possibly due to the insufficient
number of patients with invasive EMPD. The analysis including
FIGURE 2 | Scatter diagram showing the positive correlation between CDK4 and cyclin D1 expression (r = 0.54, p < 0.001).
July 2021 | Volume 11 | Article 710378
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the cases of tumor in situ revealed that the overexpression of
both CDK4 and cyclin D1 in EMPD tumor cells was
significantly correlated with worse DSS (HR: 4.76, p = 0.033).

CDK4 staining was positive in all advanced EMPD lesions,
suggesting that CDK4-targeted therapy should be effective
against advanced EMPD. In vitro and in vivo investigations
revealed that CDK4/6 inhibitors suppress the proliferation of
many different malignant tumor cells (40, 42, 48). Owing to the
significance of CDK4/6 kinases in the regulation of cell
proliferation, CDK4/6 inhibitors have undergone clinical trials
for several malignant tumors. For example, in a phase III trial of
patients with stage IV non-small cell lung cancer harboring
Frontiers in Oncology | www.frontiersin.org 6
KRAS mutations, abemaciclib demonstrated improvement in
progression-free survival compared with erlotinib (49), and a
phase III trial of patients with recurrent stage IV squamous cell
lung cancer is ongoing (NCT02154490/Lung-MAP). As CDK4-
targeted therapy, CDK4/6 inhibitors (e.g., abemaciclib,
palbociclib, ribociclib) are currently widely used for the
treatment of breast cancer, and their therapeutic value in this
disease context has attracted significant attention (30–33). As in
these malignant tumors, CDK4/6 inhibitors are also anticipated
to be valuable for unresectable EMPD.

Currently, no consensus regarding the optimal chemotherapy
or molecular-targeted therapy for unresectable EMPD has been
TABLE 2 | Factors associated with CDK4 and cyclin D1 expression.

Parameters CDK4 Expression p-value* Cyclin D1 Expression p-value*

Low (n = 56) High (n = 54) Low (n = 63) High (n = 47)

Sex
Male 34 (60.7%) 36 (66.7%) 0.56 37 (58.7%) 33 (70.2%) 0.23
Female 22 (39.3%) 18 (33.3%) 26 (41.3%) 14 (29.8%)

Age (year)
Mean ± SD 72.0 ± 9.5 73.1 ± 9.3 0.74 72.3 ± 9.4 72.9 ± 9.4 0.90

Tumor site
Perianal area 5 (8.9%) 7 (13.0%) 0.55 8 (12.7%) 4 (8.5%) 0.55
Other areas 51 (91.1%) 47 (87.0%) 55 (87.3%) 43 (91.5%)

Primary lesion size (cm2)
< 25 29 (51.8%) 24 (44.4%) 0.45 33 (52.4%) 20 (42.6%) 0.34
≥ 25 27 (48.2%) 30 (55.6%) 30 (47.6%) 27 (57.4%)

TT (mm)
In situ 42 (75.0%) 20 (37.0%) 0.0003† 39 (61.9%) 23 (48.9%) 0.23‡

≤ 4 11 (19.6%) 26 (48.2%) 20 (31.7%) 17 (36.2%)
> 4 3 (5.4%) 8 (14.8%) 4 (6.4%) 7 (14.9%)

Regional LN metastasis
Present 3 (5.4%) 11 (20.4%) 0.015 7 (11.1%) 7 (14.9%) 0.58
Absent 53 (94.6%) 43 (79.6%) 56 (88.9%) 40 (85.1%)

TNM stage
0, I, II 52 (92.9%) 43 (79.6%) 0.054 55 (87.3%) 40 (85.1%) 0.78
III, IV 4 (7.1%) 11 (20.4%) 8 (12.7%) 7 (14.9%)

FU (month)
Mean ± SD 96.3 ± 45.7 78.8 ± 54.0 0.043 91.0 ± 46.7 83.3 ± 55.4 0.26
Median (range) 100.0 (4.9–189.8) 66.3 (2.0–225.8) 91.9 (4.9–178.2) 72.9 (2.0–225.8)
July 2021 | Volume 11 | Articl
Significant values are shown in boldface.
*Mann-Whitney U tests were used for continuous variables, and c2 or Fisher’s exact tests were used for categorical variables.
†In situ vs. ≤ 4 mm, p = 0.0004; in situ vs. > 4 mm, p = 0.017; ≤ 4 mm vs. > 4 mm, p = 1.00.
‡In situ vs. ≤ 4 mm, p = 0.41; in situ vs. > 4 mm, p = 0.18; ≤ 4 mm vs. > 4 mm, p = 0.49.
CDK, cyclin-dependent kinase; SD, standard deviation; TT, tumor thickness; LN, lymph node; TNM, tumor, node, metastasis; FU, follow-up period.
TABLE 3 | Multivariate Cox proportional hazards analysis for disease-specific survival in 42 patients with invasive EMPD.

Variable Univariate analysis Multivariate analysis

HR 95% CI p-value HR 95% CI p-value

Sex, male 0.47 0.16-1.40 0.17 0.35 0.065–1.85 0.22
Age (year)† 1.01 0.96-1.07 0.69 1.04 0.97–1.12 0.29
Perianal lesion 1.47 0.40-5.35 0.56 1.62 0.22–11.74 0.63
Tumor size, >25 cm2 1.28 0.43-3.84 0.65 0.51 0.12-2.16 0.36
TNM stage, III or IV 11.84 3.18-44.08 0.0002 19.24 4.38-84.61 < 0.0001
CDK4 and cyclin D1 expression, high 1.78 0.58-5.45 0.31 3.14 0.68-14.57 0.14
Significant values are shown in boldface.
†Continuous variable.
CDK, cyclin-dependent kinase; HR, hazard ratio; CI, confidence interval; TNM, tumor, node, metastasis.
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reached because of its rarity and the lack of clinical trials. We
previously evaluated the efficacy of conventional chemotherapy
for metastatic EMPD and found that conventional
chemotherapy improved progression-free survival, but not
overall survival (15). Conventional chemotherapy also has a
relatively high incidence of adverse events. Since targeted
therapies have also recently been shown to be effective for
metastatic EMPD (16–20), they may become a mainstay for
the treatment of EMPD in the future. The identification of
molecules in EMPD tumor cells that correlate with prognosis,
such as CDK4, should lead to the establishment of novel
therapeutic approaches.

This study was limited by the inherent potential bias of
retrospective studies. In addition, the number of patients with
metastatic EMPD was inadequate (15 of 110 patients, 13.6%) and
more than half patients (62 of 110 patients, 56.4%) had tumors in
situ. The findings suggested that targeted therapy is applicable in
unresectable or metastatic EMPD. However, to obtain further
support for our findings, further data accumulation should
be desired.
CONCLUSION

We retrospectively reviewed 110 patients with EMPD. Most
EMPD lesions (108/110, 98.2%) were positive for CDK4
staining and there was a positive correlation between CDK4
and cyclin D1 expression. The overexpression of CDK4 and
cyclin D1 in combination was also associated with advanced
tumor. CDK4-targeted therapy may be effective against
advanced EMPD.
Frontiers in Oncology | www.frontiersin.org 7
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Kyushu University Hospital. The patients/
participants provided their written informed consent to
participate in this study.
AUTHOR CONTRIBUTIONS

HH and TI participated in manuscript preparation. TI designed
the methodology. HH participated in data analysis and figure
preparation. HH and YK-I collected the detailed information
of the patients. TI and YO reviewed and revised the manuscript.
All authors contributed to the article and approved the
submitted version.
FUNDING

This work was supported by grants from the Takeda Science
Foundation and JSPS KAKENHI (Grant Number 19K16867).
FIGURE 3 | Kaplan-Meier disease-specific survival curves of 42 patients with invasive EMPD stratified by CDK4/cyclin D1 expression.
July 2021 | Volume 11 | Article 710378

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


Hashimoto et al. CDK4 Expression in EMPD
ACKNOWLEDGMENTS

We wish to thank our patients as well as all members of our
laboratory for their helpful advice. We also thank Ms. Yuka
Eguchi for her assistance with the immunohistochemistry.
Frontiers in Oncology | www.frontiersin.org 8
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2021.
710378/full#supplementary-material
REFERENCES
1. Cocker HR. Paget’s Disease Affecting the Scrotum and Penis. Trans Pathol Soc

Lond (1888) 40:187–91.
2. Kanitakis J. Mammary and Extramammary Paget’s Disease. J Eur Acad

Dermatol Venereol (2007) 21:581–90.
3. Shepherd V, Davidson EJ, Davies-Humphreys J. Extramammary Paget’s

Disease. BJOG (2005) 112:273–9. doi: 10.1111/j.1471-0528.2004.00438.x
4. Simonds RM, Segal RJ, Sharma A. Extramammary Paget’s Disease: A Review

of the Literature. Int J Dermatol (2019) 58:871–9. doi: 10.1111/ijd.14328
5. Ito T, Kaku-Ito Y, Furue M. The Diagnosis and Management of

Extramammary Paget’s Disease. Expert Rev Anticancer Ther (2018) 18:543–
53. doi: 10.1080/14737140.2018.1457955

6. Ohara K, Fujisawa Y, Yoshino K, Kiyohara Y, Kadono T, Murata Y, et al. A
Proposal for a TNM Staging System for Extramammary Paget Disease:
Retrospective Analysis of 301 Patients With Invasive Primary Tumors.
J Dermatol Sci (2016) 83:234–9. doi: 10.1016/j.jdermsci.2016.06.004

7. Herrel LA, Weiss AD, GoodmanM, Johnson TV, Osunkoya AO, Delman KA,
et al. Extramammary Paget’s Disease in Males: Survival Outcomes in 495
Patients. Ann Surg Oncol (2015) 22:1625–30. doi: 10.1245/s10434-014-4139-y

8. Weng S, Zhu N, Li D, Chen Y, Tan Y, Chen J, et al. Clinical Characteristics,
Treatment, and Prognostic Factors of PatientsWith Primary Extramammary Paget’s
Disease (EMPD): A Retrospective Analysis of 44 Patients From a Single Center and
an Analysis of Data From the Surveillance, Epidemiology, and End Results (SEER)
Database. Front Oncol (2020) 10:1114. doi: 10.3389/fonc.2020.01114

9. Hatta N, Yamada M, Hirano T, Fujimoto A, Morita R. Extramammary Paget’s
Disease: Treatment, Prognostic Factors and Outcome in 76 Patients. Br J
Dermatol (2008) 158:313–8. doi: 10.1111/j.1365-2133.2007.08314.x

10. Van der Linden M, Oonk MHM, van Doorn HC, Bulten J, van Dorst EBL,
Fons G, et al. Vulvar Paget Disease: A National Retrospective Cohort Study.
J Am Acad Dermatol (2018) 81:956–62. doi: 10.1016/j.jaad.2018.11.016

11. Hendi A, Brodland DG, Zitelli JA. Extramammary Paget’s Disease: Surgical
Treatment With Mohs Micrographic Surgery. J Am Acad Dermatol (2004)
51:767–73. doi: 10.1016/j.jaad.2004.07.004

12. Kaku-Ito Y, Ito T, Tsuji G, Nakahara T, Hagihara A, Furue M, et al. Evaluation
of Mapping Biopsies for Extramammary Paget Disease: A Retrospective
Study. J Am Acad Dermatol (2018) 78:1171–7. doi: 10.1016/j.jaad.2017.12.040

13. Sopracordevole F, Di Giuseppe J, De Piero G, Canzonieri V, Buttignol M,
Giorda G, et al. Surgical Treatment of Paget Disease of the Vulva: Prognostic
Significance of Stromal Invasion and Surgical Margin Status. J Low Genit
Tract Dis (2016) 20:184–8. doi: 10.1097/LGT.0000000000000191

14. Morris CR, Hurst EA. Extramammary Paget’s Disease: A Review of the
Literature Part II: Treatment and Prognosis. Dermatol Surg (2020) 46:305–
11. doi: 10.1097/DSS.0000000000002240

15. Hashimoto H, Kaku-Ito Y, Furue M, Ito T. The Outcome of Chemotherapy
for Metastatic Extramammary Paget’s Disease. J Clin Med (2021) 10:739. doi:
10.3390/jcm10040739

16. Hanawa F, Inozume T, Harada K, Kawamura T, Shibagaki N, Shimada S. A
Case of Metastatic Extramammary Paget’s Disease Responding to
Trastuzumab Plus Paclitaxel Combination Therapy. Case Rep Dermatol
(2011) 3:223–7. doi: 10.1159/000333002

17. Takahagi S, Noda H, Kamegashira A, Madokoro N, Hori I, Shindo H, et al.
Metastatic Extramammary Paget’s Disease Treated With Paclitaxel and
Trastuzumab Combination Chemotherapy. J Dermatol (2009) 36:457–61.
doi: 10.1111/j.1346-8138.2009.00676.x

18. Barth P, Dulaimi Al-Saleem E, Edwards KW, Millis SZ, Wong Y-N, Geynisman
DM. Metastatic Extramammary Paget’s Disease of Scrotum Responds Completely
to Single Agent Trastuzumab in a Hemodialysis Patient: Case Report, Molecular
Profiling and Brief Review of the Literature. Case Rep Oncol Med (2015)
2015:895151. doi: 10.1155/2015/895151
19. Wakabayashi S, Togawa Y, Yoneyama K, Suehiro K, Kambe N, Matsue H.
Dramatic Clinical Response of Relapsed Metastatic Extramammary Paget’s
Disease to Trastuzumab Monotherapy. Case Rep Dermatol Med (2012)
2012:401362. doi: 10.1155/2012/401362

20. Ichiyama T, Gomi D, Fukushima T, Kobayashi T, Sekiguchi N, Sakamoto A,
et al. Successful and Long-Term Response to Trastuzumab Plus Paclitaxel
Combination Therapy in Human Epidermal Growth Factor Receptor 2-
Positive Extramammary Paget’s Disease: A Case Report and Review of the
Literature. Mol Clin Oncol (2017) 7:763–6. doi: 10.3892/mco.2017.1422

21. Zhang G, Zhou S, Zhong W, Hong L, Wang Y, Lu S, et al. Whole-Exome
Sequencing Reveals Frequent Mutations in Chromatin Remodeling Genes in
Mammary and Extramammary Paget’s Diseases. J Investig Dermatol (2019)
139:789–95. doi: 10.1016/j.jid.2018.08.030

22. Takeichi T, Okuno Y, Matsumoto T, Tsunoda N, Suzuki K, Tanahashi K, et al.
Frequent FOXA1-Activating Mutations in Extramammary Paget’s Disease.
Cancers (2020) 12:820. doi: 10.3390/cancers12040820

23. Ishida Y, Kakiuchi N, Yoshida K, Inoue Y, Irie H, Kataoka TR, et al. Unbiased
Detection of Driver Mutations in Extramammary Paget Disease. Clin Cancer
Res (2021) 27:1756–65. doi: 10.1158/1078-0432.CCR-20-3205

24. Fukuda K, Funakoshi T. Metastatic Extramammary Paget’s Disease:
Pathogenesis and Novel Therapeutic Approach. Front Oncol (2018) 8:38.
doi: 10.3389/fonc.2018.00047

25. Mauzo SH, Tetzla MT, Milton DR, Siroy AE, Nagarajan P, Torres-Cabala CA,
et al. Expression of PD-1 and PD-L1 in Extramammary Paget Disease:
Implications for Immune-Targeted Therapy. Cancers (2019) 11:754. doi:
10.3390/cancers11060754

26. Murata M, Ito T, Tanaka Y, Kaku-Ito Y, Furue M. NECTIN4 Expression in
Extramammary Paget’s Disease: Implication of a New Therapeutic Target. Int
J Mol Sci (2020) 21:5891. doi: 10.3390/ijms21165891

27. Hamilton E, Infante JR. Targeting CDK4/6 in Patients With Cancer. Cancer
Treat Rev (2016) 45:129–38. doi: 10.1016/j.ctrv.2016.03.002

28. VanArsdale T, Boshoff C, Arndt KT, Abraham RT. Molecular Pathways:
Targeting the Cyclin D-CDK4/6 Axis for Cancer Treatment. Clin Cancer Res
(2015) 21:2905–10. doi: 10.1158/1078-0432.CCR-14-0816

29. Liang R, Weigand I, Lippert J. Targeted Gene Expression Profile Reveals
CDK4 as Therapeutic Target for Selected Patients With Adrenocortical
Carcinoma. Front Endocrinol (2020) 11:219. doi: 10.3389/fendo.2020.00219

30. Johnston S, Martin M, Di Leo A, Im S-A, Awada A, Forrester T, et al.
MONARCH 3 Final PFS: A Randomized Study of Abemaciclib as Initial
Therapy for Advanced Breast Cancer. NPJ Breast Cancer (2019) 5:5. doi:
10.1038/s41523-018-0097-z

31. Finn RS, Martin M, Rugo HS, Jones S, Im S-A, Gelmon K, et al. Palbociclib
and Letrozole in Advanced Breast Cancer. N Engl J Med (2016) 375:1925–36.
doi: 10.1056/NEJMoa1607303

32. Hortobagyi GN, Stemmer SM, Burris HA, Yap YS, Sonke GS, Paluch-Shimon
S, et al. Ribociclib as First-Line Therapy for HR-Positive, Advanced Breast
Cancer. N Engl J Med (2016) 375:1738–48. doi: 10.1056/NEJMoa1609709

33. Sobhani N, D’Angelo A, Pittacolo M. Updates on the CDK4/6 Inhibitory
Strategy and Combinations in Breast Cancer. Cells (2019) 8:321. doi: 10.3390/
cells8040321

34. Urata K, Kajihara I, Myangat TM, Tasaki Y, Otsuka-Maeda S, Sawamura S,
et al. Overexpression of Cyclin-Dependent Kinase 4 Protein in
Extramammary Paget’s Disease. J Dermatol (2019) 46:444–8. doi: 10.1111/
1346-8138.14858

35. Gershenwald JE, Scolyer RA. Melanoma Staging: American Joint Committee
on Cancer (AJCC) 8th Edition and Beyond. Ann Surg Oncol (2018) 25:2105–
10. doi: 10.1245/s10434-018-6513-7

36. McClelland RA, Finlay P, Walker KJ, Nicholson D, Robertson JF, Blamey RW.
Automated Quantification of Immunocytochemically Localized Estrogen
Receptors in Human Breast Cancer. Cancer Res (1990) 50:3545–50.
July 2021 | Volume 11 | Article 710378

https://www.frontiersin.org/articles/10.3389/fonc.2021.710378/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2021.710378/full#supplementary-material
https://doi.org/10.1111/j.1471-0528.2004.00438.x
https://doi.org/10.1111/ijd.14328
https://doi.org/10.1080/14737140.2018.1457955
https://doi.org/10.1016/j.jdermsci.2016.06.004
https://doi.org/10.1245/s10434-014-4139-y
https://doi.org/10.3389/fonc.2020.01114
https://doi.org/10.1111/j.1365-2133.2007.08314.x
https://doi.org/10.1016/j.jaad.2018.11.016
https://doi.org/10.1016/j.jaad.2004.07.004
https://doi.org/10.1016/j.jaad.2017.12.040
https://doi.org/10.1097/LGT.0000000000000191
https://doi.org/10.1097/DSS.0000000000002240
https://doi.org/10.3390/jcm10040739
https://doi.org/10.1159/000333002
https://doi.org/10.1111/j.1346-8138.2009.00676.x
https://doi.org/10.1155/2015/895151
https://doi.org/10.1155/2012/401362
https://doi.org/10.3892/mco.2017.1422
https://doi.org/10.1016/j.jid.2018.08.030
https://doi.org/10.3390/cancers12040820
https://doi.org/10.1158/1078-0432.CCR-20-3205
https://doi.org/10.3389/fonc.2018.00047
https://doi.org/10.3390/cancers11060754
https://doi.org/10.3390/ijms21165891
https://doi.org/10.1016/j.ctrv.2016.03.002
https://doi.org/10.1158/1078-0432.CCR-14-0816
https://doi.org/10.3389/fendo.2020.00219
https://doi.org/10.1038/s41523-018-0097-z
https://doi.org/10.1056/NEJMoa1607303
https://doi.org/10.1056/NEJMoa1609709
https://doi.org/10.3390/cells8040321
https://doi.org/10.3390/cells8040321
https://doi.org/10.1111/1346-8138.14858
https://doi.org/10.1111/1346-8138.14858
https://doi.org/10.1245/s10434-018-6513-7
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Hashimoto et al. CDK4 Expression in EMPD
37. Tanaka Y, Murata M, Shen CH, Furue M, Ito T. NECTIN4: A Novel
Therapeutic Target for Melanoma. Int J Mol Sci (2021) 22:976. doi:
10.3390/ijms22020976

38. Shapiro GI. Cyclin-Dependent Kinase Pathways as Targets for Cancer
Treatment. J Clin Oncol (2006) 24:1770–83. doi: 10.1200/JCO.2005.03.7689

39. Cancer Genome Atlas Network. Comprehensive Molecular Portraits
of Human Breast Tumours. Nature (2012) 490:61–70. doi: 10.1038/
nature11412

40. Young RJ, Waldeck K, Martin C, Foo JH, Cameron DP, Kirby L, et al. Loss of
CDKN2A Expression is a Frequent Event in Primary Invasive Melanoma and
Correlates With Sensitivity to the CDK4/6 Inhibitor PD0332991 in Melanoma
Cell Lines. Pigment Cell Melanoma Res (2014) 27:590–600. doi: 10.1111/
pcmr.12228

41. Poomsawat S, Sanguansin S, Punyasingh J, Vejchapipat P, Punyarit P.
Expression of Cdk6 in Head and Neck Squamous Cell Carcinoma. Clin
Oral Invest (2016) 20:57–63. doi: 10.1007/s00784-015-1482-8

42. Zhang Y, Sicinska E, Czaplinski JT. Antiproliferative Effects of CDK4/6
Inhibition in CDK4-Amplified Human Liposarcoma in Vitro and in Vivo.
Mol Cancer Ther (2014) 13:2184–93. doi: 10.1158/1535-7163.MCT-14-0387

43. Louis-Brennetot C, Coindre JM, Ferreira C, Pérot G, Terrier P, Aurias A. The
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