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Abstract
Background  Mammary and extra-mammary Paget disease is a rare form of intra-epithelial glandular neoplasm which is 
characteristically recurrent and necessitates multiple excisions that have an important impact on morbidity. Local immuno-
modulating treatments have been applied with promising results, but the local immune markers of Paget disease have not 
been studied.
Aim of the study  To investigate the local immune micro-environment of Paget disease.
Materials and methods  Sixty-four specimens from 41 patients, including cases with multiple recurrences and underlying 
primary neoplasm, have been studied for their expression of CD3, PD-L1 and CTLA-4.
Results  Nineteen cases were mammary; 22 were extra-mammary and involved the vulva, the anus, the inguinal region and 
the lower extremity. PD-L1 was not expressed by any neoplastic lesion or the associated lymphocytes. CTLA-4 expression 
was found in nine cases. Higher stromal CD3 expression and moderate levels of intra-epithelial CD3 expression were present 
in most cases. Biopsies, subsequent excision specimens and recurrences showed the same immunohistochemical profile of 
CD3 and PD-L1, although there were different levels of CTLA-4 in a few cases. The underlying lesions in mammary Paget 
disease showed the same immunohistochemical profile as the intra-epithelial neoplastic cells. The expression of the markers 
did not correlate with age, sex, localization or recurrence.
Conclusion  Paget disease is characterized by an intense lymphocytic response, devoid of the immune-suppressive impact 
of the PD-L1 pathway, but with occasional CTLA-4 expression.
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Abbreviations
CIN	� Cervical intra-epithelial neoplasia
DCIS	� Ductal carcinoma in situ
EMPD	� Extra-mammary Paget disease
FDA	� Food and Drug Administration
MPD	� Mammary Paget disease
PD	� Paget disease
RANK/RANKL	� Receptor activator of nuclear factor 

kappa B ligand

Introduction

Mammary Paget disease (MPD) and extra-mammary Paget 
disease (EMPD) are rare neoplastic conditions, which are 
characterized by an intra-epithelial accumulation of neo-
plastic cells that show glandular differentiation [1]. MPD 
affects the nipple/areola complex and may spread to the 
surrounding skin, while EMPD occurs most commonly in 
the anogenital region, but can arise in any area of the skin 
or mucosa [1]. MPD accounts for 1–3% of primary breast 
tumors [2] and EMPD for 1% of primary vulval neoplasms 
[3]. EMPD arising in other sites is even more rare.

Unlike MPD, which arises from in situ or invasive carci-
noma of the underlying breast tissue in over 90% of the cases 
[2], EMPD is associated with an underlying neoplasm in a 
much smaller proportion of cases. The incidence of such an 
association is 5–30% [4]. Thus, EMPD can be divided into 
primary and secondary variants, with the latter representing 
the intra-epithelial spread of an underlying carcinoma that is 

 *	 Georgia Karpathiou 
	 gakarpath@yahoo.gr

1	 Department of Pathology, North Hospital, University 
Hospital of Saint-Etienne, 42055 Cedex 2, Saint‑Étienne, 
France

2	 Department of Obstetrics and Gynecology, North Hospital, 
University Hospital of St-Etienne, Cedex 2, Saint‑Étienne, 
France

http://orcid.org/0000-0003-0864-935X
http://crossmark.crossref.org/dialog/?doi=10.1007/s00262-018-2189-x&domain=pdf


1298	 Cancer Immunology, Immunotherapy (2018) 67:1297–1303

1 3

usually from the urogenital or gastrointestinal tract [5]. Pri-
mary EMPD is a form of intra-epithelial adenocarcinoma of 
uncertain histogenesis, for which cutaneous adnexa, clear cells 
of Toker, pluripotent stem cells and anogenital mammary-like 
glands have been proposed as possible sites of origin [4].

The distinction between primary and secondary forms is 
very important for the treatment of the patients. Patients with 
Paget disease are mostly treated with surgical excision and 
with treatment of the underlying primary neoplasm, if any. 
However, many patients will undergo multiple resections 
due to frequent local recurrences, which can have potential 
important implications for morbidity. There has been no reli-
able evidence to inform decisions about different interventions, 
especially for extra-mammary Paget disease [6]. Imiquimod, 
an immunomodulator, was evaluated as a potential local treat-
ment in vulvar Paget disease and the results showed that it is 
a safe and feasible treatment with a significant response rate 
[7]. Imiquimod activates toll-like receptor 7 (TLR7), resulting 
in cytokine release and activated CD8+ T cells. Thus, it acts 
as an anti-tumor immune response-modifying agent [7]. Fur-
thermore, it has been proposed that EMPD is characterized by 
an immune-suppressive micro-environment, which is possibly 
driven by the RANK/RANKL pathway and as such, targeted 
therapy with a RANKL inhibitor (denosumab) could be also 
promising [8, 9]. RANKL released by Paget cells stimulates 
M2 macrophages and epidermal Langerhans cells to produce 
chemokines, which will recruit T helper 2 cells and regulatory 
T cells [9].

Recently, immunotherapy has attracted significant interest 
as a potential treatment option for cancer. There have been 
very promising results from the use of molecules used to block 
the major immune-checkpoints, CTLA4 and PD-L1, which 
boost the anti-tumoral activity of T cells. CTLA4 is expressed 
by T cells inhibiting their activation, but it can also be found in 
tumor cells, which is usually associated with worse prognosis; 
PD-L1 is expressed by tumor cells as it offers protection by 
inhibiting the PD-1 expressing T cells [10].

There is a lack of studies that have investigated the pos-
sible role of these factors in the immune micro-environment 
of Paget disease. Thus, the aim of this study is to investigate 
the expression of the major factors in the immunotherapy 
field, PD-L1 and CTLA4, as the major immune-checkpoints 
and CD3 as a T-cell marker. This aims to better define the 
immune micro-environment of Paget disease and delineate a 
possible role of future immune-modulating treatments.

Materials and methods

Study group

This is a retrospective study of patients histologically diag-
nosed with a Paget disease at the University Hospital of 

Saint-Etienne (IRBN132018/CHUSTE). Clinical data were 
retrieved from electronic files. Age, sex, lesion localization, 
treatment and follow-up were recoded. All available slides 
from biopsies, subsequent excisions and recurrences were 
examined. The diagnosis was based on the typical morphol-
ogy of an intra-epithelial accumulation of large epithelioid 
cells with abundant pale, clear or basophilic cytoplasm and 
large vesicular nuclei with prominent nucleoli (Fig. 1). The 
diagnosis was immunohistochemically confirmed in all 
cases by the expression of epithelial markers (CK7) and the 
absence of melanocytic markers (S100, HMB45 and Melan 
A).

Immunohistochemical evaluation

Immunohistochemical study was performed in 64 specimens 
from 41 different patients. They included biopsies, subse-
quent excisions and excisions from recurrences to compare 
the immunohistochemical profile in subsequent lesions 
(initial vs recurrence) and in different materials (biopsies 
vs. excisions). Underlying tumors, invasive or in situ, were 
also immunohistochemically studied when the specimen 
was available (n = 15). When more than one tumor tissue 
block was available per excision, a representative section 
was chosen for immunohistochemical analysis based on the 
most abundant tumor cells and lymphocytic reaction sec-
tion. Immunohistochemical analysis was performed using 
4-µm-thick full sections in an automated staining system 
(OMNIS, Dako-Agilent). Positive immunoreactions were 
visualized using 3,3′-diaminobenzidine as the chromogenic 
substrate. The primary antibodies included CD3 (Dako 
F7,2,38, 1/100 lymph nodes were used as a positive control), 
PD-L1 (Dako Agilent, 22C3, 1/50 placenta was used as a 
positive control Fig. 2) and CTLA-4 (Origene, polyclonal, 

Fig. 1   A vulvar Paget disease with large intra-epithelial neoplastic 
cells (HES ×200)
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1/50 squamous cell carcinoma [10] was used as a positive 
control).

A semi-quantitative system was applied to evaluate CD3 
expression [10]. The two compartments, intra-epithelial and 
sub-epithelial, were separately scored as 0: no CD3 positive 
cells, 1: few CD3 positive cells, 2: moderate number and 3: 
abundant cells. Any positivity either of neoplastic cells or of 
lymphocytes was recorded for CTLA-4 and PD-L1. A cut-off 
value of 1% was used.

Statistical analysis

Data were analyzed using the StatView software (Abacus 
Concepts, Berckley CA, USA). We used the Fisher’s exact 
test to explore any relationship between the two groups 
for categorical data, while factorial analysis of variances 
(ANOVA) was used to consider the effect of at least one fac-
tor on a continuous parameter studied. For all analyses, the 
statistical significance was set at a p value of < 0.05.

Results

Patient’s characteristics

The patients’ characteristics are shown in Table 1. Most 
patients were female (n = 36, 87.8%). The age of the patients 
ranged from 35 to 92 years with a median of 70 years. Nine-
teen cases were mammary and most of them (n = 17, 89.5%) 
were associated with an underlying invasive (n = 5) or in situ 
ductal carcinoma (n = 12). Twenty-two cases were extra-
mammary and involved the vulva (n = 13), the anus (n = 3), 
the inguinal region (n = 3) and the lower extremity (n = 1). 
None of the extra-mammary cases revealed a synchronous 
underlying neoplasm of the anogenital region. Four cases, 
which were all vulvar, harbored micro-invasive foci, while 
lymphovascular invasion was found in six cases.

Most patients were treated by surgical excision (n = 33). 
During the follow-up (range of 4–148 months, median 
42 months) that was available for 28 patients, five of these 

Fig. 2   a Intense sub-epithelial CD3 expression (DAB ×100). b 
CTLA-4 expression by neoplastic cells and underlying lympho-
cytes (DAB ×100). c PD-L1 is not expressed by Paget disease (DAB 

×100). d Placenta was used as positive control of PD-L1 immunohis-
tochemistry showing constantly strong expression (DAB ×200). HES 
hematoxylin, eosin, saffran, DAB 3′,3-diaminobenzidine
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cases, which were all extra-mammary and all treated surgi-
cally in the first place, had one (n = 2) or multiple (n = 3) 
recurrences that were also treated surgically. One patient 
with vulvar PD had multiple local recurrences and developed 
metastatic disease in the uterus and in an inguinal lymph 
node 8 years later. Another patient developed a regional 
lymph node metastasis 4 years after the initial diagnosis.

Immunohistochemical results

PD-L1 was not expressed by any neoplastic lesion or the 
associated lymphocytes. Control tissue was positive in all 
cases. CTLA-4 expression was found in nine cases. This 
expression involved the lymphocytes in three cases and the 
neoplastic cells in six cases. CTLA-4 was focal and found in 
only a few cells in all, but one case where a diffuse expres-
sion was seen. CD3 expression was intense (score of 2–3) 
in most cases (n = 27) in the sub-epithelial compartment 
(Fig. 2). CD3 expression by intra-epithelial lymphocytes was 
present in 28 cases (68.2%), with a score of 1 (few cells) for 
most of them.

In 15 cases, both biopsies and subsequent excision were 
available and all showed the same immunohistochemical 
profile of CD3 and PD-L1. In eight cases, the excision of 
recurrences was studied which also showed the same immu-
nohistochemical profile as the initial lesion. For the CTLA-4 
positive cases, three had more than one specimen to exam-
ine; two were positive in the excision specimen, but not the 
biopsy and one was positive in one of the recurrences. As 
for the underlying lesions of MPD, they all showed the same 
immunohistochemical profile as the intra-epithelial neoplas-
tic cells.

As PD-L1 was consistently negative, no statistical analy-
sis was performed for this marker. For CD3, the score from 
the first lesion at the excision specimen or from the biopsy 
when the excision was not available was used for further sta-
tistical analysis. CTLA-4 was considered positive for further 
analysis when at least one specimen harbored positive cells. 
CTLA-4 and CD3 expression did not correlate with any of 
the clinical factors studied, including age, sex, localization 
and recurrence. Furthermore, there was no relationship 
between the two markers (Table 2).

Discussion

In the current study, we show that Paget disease is almost 
always accompanied by an important reaction of sub-epithe-
lial T lymphocytes and few intra-epithelial T lymphocytes. 
PD-L1 is not expressed in either the tumor cells or lym-
phocytes in this neoplastic disease, while only a few cases 
had CTLA-4 positive neoplastic cells or lymphocytes. These 
immunohistochemical findings are not associated with other 
clinicopathological features.

Paget disease is rarely life-threatening as in most cases 
it remains an intra-epithelial neoplasm although it carries 
significant morbidity. In a very rare setting, Paget disease 
can actually metastasize [11] and this was the case for two 
of the patients in this series, who developed metastatic Paget 
disease in lymph nodes and the uterus many years after the 
initial diagnosis and after multiple local recurrences.

Table 1   Demographics

a  Follow-up was not available for 13 patients

n, %

Age (years)
 Range 35–92
 Mean, median 69.3, 70

Sex
 Female 36, 87.8
 Male 5, 12.2

Localization
 Mammary 19, 46.3
 Extra-mammary 22, 53.7

Extra-mammary localization
 Vulva 13, 31.7
 Anus 3, 7.3
 Inguinal region 5, 12.2
 Lower extremity 1, 2.4

Treatment
 Surgical 33, 80.5
 Local treatment 8, 19.5

Underlying lesion
 Invasive ductal carcinoma 5, 12.2
 In situ ductal carcinoma 12, 29.3
 None 24, 58.5

Follow-up (months)a

 Range 4–148
 Mean 48.9
 Median 42

Recurrencea

 Yes 5, 17.9
 No 23, 82.1

PD-L1
 Yes 0
 No 41

CTLA-4
 Yes 9, 22
 No 32, 78

CD3 intra-epithelial
 0–1 40, 97.6
 2–3 1, 2.4

CD3 sub-epithelial
 0–1 14, 34.1
 2–3 27, 65.9
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Mammary Paget disease associated with in situ or inva-
sive carcinoma is generally treated by excision of the nip-
ple/areola complex, but surgery is ultimately based on the 
complete excision of the associated intramammary disease. 
As there is a high prevalence of multifocal disease in these 
patients, they will often undergo mastectomy rather than 
breast-conserving surgery [1]. The optimal management 
of Paget’s disease of the vulva remains unclear [12]. The 
treatment modalities most frequently include surgery such 
as radical vulvectomy, wide local excision or skinning vul-
vectomy. In a few cases, topical therapy, such as imiquimod 
or laser ablation, can be used [12]. The limitations for surgi-
cal excision include the often multifocal nature of the dis-
ease, the extension of the lesions over the clinically apparent 
borders resulting in positive margins and the complicated 
anatomy of the vulva [12]. In addition, EMPD is well-known 
for its high recurrence rate requiring multiple excisions that 
carries significant morbidity. There are no well-designed, 
randomized or not, studies that have compared the various 
treatment modalities [6]. Few retrospective studies exist, 
with the results showing that the most common treatment 
modality is surgery with the majority of women undergoing 
wide local excision, while the recurrence rate is not associ-
ated with the type of treatment or even the positive margin 
status [12, 13]. Furthermore, the spread of primary EMPD 
into underlying adnexal structures is a very common feature 
that occurs in the majority of the cases [5], thus complicat-
ing topical therapy or the development of novel local treat-
ment modalities for EMPD.

A locally applied immunomodulator, imiquimod, was 
evaluated in a few patients with recurrent vulvar Paget dis-
ease, which showed promising results [7]. Furthermore, it 
has been proposed that this neoplasm harbors an immune-
suppressive micro-environment, which is possibly driven by 
the RANK/RANKL pathway [9]. In this present study, we 
showed that the majority of Paget diseases are characterized 

by an intense T-lymphocytic response in the underlying 
stroma and a mild T-cell exocytosis. PD-L1 is not a feature 
of this neoplasm in either the tumor cells or the lympho-
cytes, while CTLA-4 is expressed by few lymphocytes or 
tumor cells in about one-fifth of the cases. CD3 expression 
was almost always found in these lesions, suggesting that 
lymphocytic response is actually a unifying feature of Paget 
disease. The absence of any PD-L1 expression characterizes 
a neoplasm that is well-controlled by the immune surveil-
lance. This is consistent with the clinical course of this dis-
ease as it often recurs, but it seldom transforms into a frankly 
malignant disease in the form of metastasis. The elimination 
of cancer cells by the immune system occurs when neoplas-
tic cells are highly immunogenic before any clinically appar-
ent tumor arises, while the equilibrium between cancer cells 
and immune system results in no elimination of the non-
immunogenic cells. These cancer cells finally escape from 
the immune surveillance to give rise to a truly malignant 
tumor. These are the three Es of the cancer immune-editing 
hypothesis [14]. It seems that Paget disease is in equilibrium 
with the immune system. The tumor cells are not eliminated 
despite the intense lymphocytic reaction, which is because 
of the immune-suppressive environment that they achieve 
through activating the RANK/RANKL pathway [9] and the 
presence of FoxP3+ cells [15]. More advanced tools used by 
tumor cells to achieve escape, such as the PD-L1 pathway, 
are not employed by Paget tumor cells.

To the best of our knowledge, the role of the factors 
studied here has not been evaluated before in Paget dis-
ease and in other forms of vulvar intra-epithelial neoplasia. 
Vulvar invasive squamous cell carcinomas that are nega-
tive for p16 are more often infiltrated by immune cells than 
p16 positive tumors [16]. A study examining the presence 
of FoxP3 positive regulatory cells, which are immune-
suppressive cells, showed that they are abundant in the 
epithelial–stromal junction in vulvar Paget disease [15]. 

Table 2   Correlation between 
immunohistochemical factors 
and clinical features

Sex p Recurrence p Localization p Age p

Female
n = 36

Male
n = 5

Yes
n = 5

No
n = 23

Extra-
mam-
mary
n = 22

Mammary
n = 19

Mean (years)

CTLA-4
 Yes (n = 9) 9 0 0.5 4 5 0.9 5 4 0.9 66.6 0.5
 No (n = 32) 27 5 1 18 17 15 70

CD3 intra-epithelial
 2–3 (n = 1) 1 0 0.9 0 0 1 0 0.9 77 0.5
 0–1 (n = 40) 35 5 5 23 21 19 69.1

CD3 sub-epithelial
 2–3 (n = 27) 23 4 1 15 0.9 14 13 70 0.6
 0–1 (n = 14) 13 1 0.6 4 8 8 6 0.9 68
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These T regulatory cells are thought to be recruited by 
RANK+ macrophages, which respond to RANKL secreted 
by Paget cells [9]. Regarding other forms of in situ dis-
ease, the immune micro-environment of ductal carcino-
mas in situ (DCIS) of the breast has been recently studied 
which showed that fewer CD8 positive cells are found in 
invasive than in situ carcinomas. Furthermore, they found 
that the amplification of CD274, encoding PD-L1, was 
only detected in triple negative invasive carcinomas [17]. 
The median score of the lymphocytes in the stroma around 
the DCIS is only 5 and 89% of the in situ neoplasms are 
PD-L1 negative, whereas these factors are more elevated 
in DCIS with higher grade features [18]. Similarly, a study 
of 27 cases of DCIS showed that none of them expressed 
PD-L1 in tumor cells [19]. Thus, it is consistent with our 
findings that this protein is not found in MPD, which most 
often arises in the context of an underlying DCIS. Interest-
ingly, according to our results, MPD seems to be charac-
terized by a more intense lymphocytic reaction than the 
reported DCIS. Further studies will be needed to explain 
the difference between the intra-epidermal and the intra-
ductal components.

We have shown (work under submission) in the lesions of 
the uterine cervix that PD-L1 expression is found in almost 
two-thirds of invasive squamous cell carcinomas, while it 
is rare in squamous intra-epithelial lesions and in adeno-
carcinomas whether they are in situ or invasive. Previous 
studies have shown using flow cytometry that cervical cells 
from patients harboring a cervical intra-epithelial neoplasia 
(CIN) contain more PD-1+ T cells and more PD-L1+ den-
dritic cells compared to those from patients without CIN, 
which suggests a possible role of this pathway in immune 
tolerance against HPV infection and progression to dysplasia 
[20]. We also found that CTLA-4 is more often expressed 
in squamous cell carcinomas of the uterine cervix than in 
adenocarcinomas, while it is also frequently present in squa-
mous intra-epithelial lesions of this organ. These findings 
are consistent with the only occasional CTLA-4 expression 
in Paget disease, which is a glandular-type neoplasia.

Immunotherapy has been shown to be more effective in 
patients with highly mutated tumors [21], such as squamous 
cell carcinomas of the lung, in patients with solid tumors that 
show microsatellite instability for which an immunotherapy 
has been recently approved by the FDA independent of other 
tumor characteristics [22]; in virus-induced tumors [23]; and 
in PD-L1 expressing tumors [24]. The absence of these fea-
tures in Paget disease could explain the absence of PD-L1 
involvement as it is a pathway that is not yet “needed” by the 
tumor to overcome the immune system with which it is in 
equilibrium. On the other hand, given the intense lympho-
cytic reaction constantly found in Paget disease, other types 
of immunomodulators, such as imiquimod or denosumab, 
could be beneficial.

Our study has certain limitations. First, it is a retrospec-
tive study that examines a limited number of cases. Fur-
thermore, the studied immunohistochemical markers do not 
cover all micro-environment factors. However, the current 
study does provide preliminary data showing that this rare 
neoplasm is characterized by an intense sub-epithelial lym-
phocytic response, which is not affected by the immune-
suppressive PD-L1 pathway, but which shows occasional 
CTLA-4 expression. As such, the immune modulators could 
be of use in the treatment of this disease.
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