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Abstract: Extramammary Paget’s disease (EMPD) is a rare form of adenocarcinoma usually found in apocrine gland-
containing cutaneous regions. EMPD affects the vulvar area most commonly, followed by the perianal area, scro-
tum, penis, and axillary region. In its initial form, EMPD presents as an erythematous plaque with well-defined
edges, fine scaling, excoriations, exulcerations, and lichenification. Generally, a definitive diagnosis can be made
through histopathological analysis. Importantly, associated malignancies should be investigated prior to treatment
initiation. Photodynamic therapy (PDT) is a modern, noninvasive treatment strategy for non-oncological diseases as
well as various cancers. In recent years, PDT has been widely used to treat EMPD. This present article presents a
discussion of the diagnosis and treatment of EMPD as well as the usefulness of PDT in its management.
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Introduction

Paget's disease was described by Sir James
Paget in 1874 and was dichotomized as mam-
mary Paget’'s disease (MPD) and extramam-
mary Paget’s disease (EMPD) [1, 2]. EMPD is
a rare intraepithelial adenocarcinoma that
accounts for 6.5% of Paget’s disease [1, 3, 4]
and is most commonly observed in patients
between the ages of 65-70 years [5, 6]. EMPD
usually occurs in the vulva, penis, scrotum,
perineum, anus, and axilla [7-9], presenting as
adenogenous differentiation of infiltrated tu-
mor cells within the epithelium [2]. The patho-
genesis of EMPD remains poorly understood
and highly controversial. Current theories sug-
gest that EMPD is primarily an intraepidermal
tumor, explaining why only a small number of
cases are caused by tumor metastases. EMPD
is clinically characterized by well-defined ery-
thema plaques, which can be easily misdiag-
nosed as eczema or candidiasis and is found in
areas with abundant apocrine glands [10]. Skin

biopsies often reveal a thickened epidermis,
cellular enlargement, a fine-granular cytoplasm,
and large and heteromorphic nuclei [3]. Of note,
immunohistochemistry analysis can aid in dis-
tinguishing primary intradermal Paget’'s dise-
ase from diseases associated with potential
adenocarcinoma.

Given that Paget cells invade the epidermis to a
greater extent than is visible macroscopically,
EMPD is usually treated using extensive surgi-
cal excisions. Surgical margins should be app-
roximately 1 to 5 cm away from the lesion edge,
and recurrence rates are quite high [11, 12].
Mohs micrographic surgery (MMS) offers excel-
lent outcomes with a low recurrence rate [13,
14]. Nonetheless, some patients may not be
able to undergo surgery due to underlying
comorbidities or widespread diseases, and oth-
ers may refuse surgery. Additionally, nonsurgi-
cal treatments such as imiquimod, local chemo-
therapy, and radiotherapy can be used, but
their therapeutic effects continue to be incon-
sistent [15].
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In recent years, new treatment modalities, such
as photodynamic therapy (PDT), have been
developed and extensively used in EMPD treat-
ment. PDT is a treatment method developed in
the late 1970s and has been approved by sev-
eral countries, such as the United States, Bri-
tain, Germany, France, and Japan. To date, this
technique has been successfully used to treat
a number of malignancies. Herein, we review
the pathogenesis, clinical features, and dia-
gnosis of EMPD as well as the role of PDT in its
treatment.

Overview of EMPD
Clinical features

EMPD typically develops insidiously and is
accompanied by bleeding, edema, itching, bur-
ning, or pain. Lesions appear as well-defined
red or brown patches, which are usually a few
centimeters in size, occasionally with uneven
surfaces, interspersed with white or gray areas,
and occasionally lightly invasive. In later stag-
es, lesions may become aggressive, ulcerated,
crusted, or scaly and present with hard nod-
ules, infiltrating or vegetative lesions and en-
larged regional lymph nodes, indicating the
presence of underlying malignancy. Seborrheic
dermatitis, superficial fungi, Bowen’s disease,
superficial basal cell carcinoma, and sclerosing
lichen are possible causes of EMPD [16].

Classification of EMPD

EMPD can occur around the anus, in the arm-
pit, in the male genitalia, in the female vulva,
and in some other locations [15], with different
characteristics in different areas.

Perianal EMPD: Perianal EMPD accounts for
approximately 20% of all cases, and the inci-
dence is similar regardless of sex, with a mean
age of onset of 63 years [5, 17]. These lesions
typically begin near the anus and spread
throughout the perineum, genitals, and but-
tocks, but rarely to the anal canal. The lesion
may occasionally swell or bleed, causing pain
or itchiness. There is an increased risk of adja-
cent and distant cancers such as cancers of
the rectum, stomach, breast, and ureter in indi-
viduals with perianal EMPD, which is occasion-
ally diagnosed by histological examinations of
excised specimens of anorectal cancer [18].
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Axillary EMPD: Only 0.9% of EMPD patients
present with axillary lesions [19, 20]. A pre-
vious review summarized 45 cases of axillary
EMPD, most of which were Japanese, with
males predominating (94.3%) and isolated
axillary involvement cases being more preva-
lent in females (70%) [21]. Axillary EMPD usu-
ally presents as well-defined erythema plaqu-
es. Brownish to pigmented patches are seen in
some cases as a subtype, called pigmented
EMPD [22, 23]. In axillary EMPD, the presence
of underlying cancers was reported in 35% of
cases [21]. EMPD in the armpit may be associ-
ated with adenocarcinoma of the breast and
apocrine gland.

EMPD in male genitalia: A total of 14% of all
EMPD cases involve the male genitalia [6, 24].
Lesions often begin in the scrotum, penis, or
folds of the groin and may spread to the abdo-
men, although in a few instances, they are con-
fined to the glans. Swollen inguinal lymph nodes
[25] and edema of the legs can also occur in
some patients. In 11% of these cases, EMPD is
accompanied by cancers of other sites, such as
the prostate, bladder, testis, ureter, and kidney
[26].

EMPD in female vulva: More than half of all
cases of EMPD occur in the vulva [27-30]. In
most patients, the lesions originate from the
labia majora before spreading to the pubis,
inguinal folds, perineum, inner thigh surface,
vagina, and labia minora. Approximately 4-17%
of patients with EMPD have adnexal carcino-
ma, while 11-20% have breast, cervical, vagi-
nal, or cutaneous cancers (basal cell carcino-
ma or melanoma). Interestingly, scholars have
reported observing a correlation between vul-
var Paget’s disease and breast Paget’s disea-
se [31].

Other types of EMPD: Ectopic EMPD usually
arises from skin areas without apocrine glands,
including the chest, arms, fingers, knees, eye-
lids, and cheeks [8, 32, 33]. Multiple EMPDs
are rare and typically involve anogenital and
axillary lesions [34-37]. Axillary lesions occur
simultaneously with or after genital lesions and
are associated with sweat gland carcinoma in
50% of patients [21]. On the other hand, pure
mucosal EMPDs are usually found in the ureter,
larynx, esophagus, bronchus, and oral mucosa
[38-40].
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Pathogenesis

The exact pathogenesis of EMPD has not been
fully elucidated. Although the characteristic
features of Paget cells have been determined
in immunohistochemical studies, the origin of
the cells remains elusive. Current evidence
suggests that EMPD is a heterogeneous dis-
ease. The pathogenesis includes at least two
different forms: (1) Primary EMPD appears
to originate from the epidermis or apocrine
glands. This disease form is not associated
with distant adenocarcinoma and is initially
confined to the epithelial layers, but it may
slowly develop into an aggressive tumor that
spreads to the dermis, blood, and lymphatic
vessels. During the advanced stages, the tu-
mor may metastasize to the lymph nodes or
internal organs, becoming lethal. The progeni-
tors of Paget cells may originate from undiffer-
entiated pluripotent cells in the epidermis or its
adnexa. Recently, it has been suggested that
Toker cells appearing in the vulvar epidermal
layer are benign precursors of Paget cells [41,
42]. (2) Secondary EMPD is associated with
potential distant adenocarcinoma and may
result from the epidermal invasion of malignant
adenocarcinoma cells. This form represents
epidermal metastasis of the underlying tumor.
The consistent immunohistochemical charac-
teristics between Paget cells and adenocarci-
nomas strongly support this mechanism.

Diagnosis

Depending on the location of the skin lesions,
the following tests for EMPD can be perform-
ed separately: cervicovaginal smear, cysto-
scope, rectal colonoscopy, abdominal ultra-
sound, computed tomography, gastroduodenal
fibroscopy, urography, mammography, and se-
rum tumor markers. Nevertheless, the defini-
tive diagnostic method for EMPD is pathologi-
cal examination, including surgical biopsy and
cytological examination of lesion scrapings.
Tumor cells are mostly solid and nested or have
glandular structures, often with printed Paget
cells [43]. Paget cells are commonly found in
the epithelial sheaths of hair follicles, sweat
gland excretory ducts, or secretory coils. The
epidermis is often hyperplastic, sometimes
showing fibroepithelioma-like changes [44]. It
should be possible to make an accurate diag-
nosis by using special staining techniques and
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immunohistochemical staining. Paget cells oc-
casionally present a signet-ring aspect due to
the presence of intracytoplasmic salivary mu-
cins, which explains the positivity of some his-
tochemical stains, such as periodic acid-Schiff
(PAS), mucicarmin, alcian blue, aldehyde-fuch-
sin and toluidine blue [45].

Treatment

Eradicating EMPD depends heavily on ade-
quate surgical excision, which should be large
enough to remove all tumor tissues. However,
Paget cells often invade the epidermis quite
extensively, making it difficult to achieve com-
plete excision and leading to high recurrence
rates [46]. Therefore, a 2 cm safe cutting edge
is usually recommended [47]. A lower recur-
rence rate can be achieved by utilizing excision
biopsy with frozen sections or Mohs micro-
graphic surgery (MMS) [12]. Recently, imiqui-
mod, a local immune response modulator, has
been used successfully in a small number of
EMPD cases [48] and appears to be effective
in controlling superficial lesions. Systemic che-
motherapy can be used in patients with contra-
indications to surgery and radiotherapy [49,
50]. Furthermore, not only can radiotherapy be
used for patients with primary EMPD as the
first-line therapy, but it may also be applied to
the postoperative treatment for patients with
positive surgical margins [51]. Dynamic light
therapy has produced satisfactory results, but
the disease still has a certain recurrence rate
[52, 53]. Table 1 presents the efficacies of sev-
eral basic treatment methods for EMPD.

Different types of EMPD are subject to different
treatment methods with varying therapeutic
effects, and we summarize them below.

EMPD in male genitalia: (1) Noninvasive EMPD:
Surgical resection is the first-line treatment
method [54]. In addition to conventional surgi-
cal resection, MMS is also an important surgi-
cal procedure. MMS allows maximum preserva-
tion of critical anatomical structures typically
involved in EMPD while allowing examination
of the entire margin. Several studies showed
that patients who received conventional surgi-
cal treatments had higher overall 5-year sur-
vival rates (68% vs. 79%) and recurrence-free
survival rates (66% vs. 91%) than those who
received MMS. In addition, there are some
alternative therapies, such as radiotherapy and
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Table 1. Efficacies of main approaches to EMPD treatment

therapy was 50% in the invasive

Treatment effects

group, and no local recurrences

Surgical Treatment
MMS: 8% to 26%;
Excision: 33% to 60%.

Radiotherapy

Imiquimod

Rates of recurrence [12, 13]:

Complete response rates: 50% to 100%;
Recurrence rates: 0% to 80% [129].

Complete response rates: 52% to 75%;

were found in the IEP group [66].
The role of carbon dioxide laser
as a primary treatment is limited
to the treatment of superficial
lesions [46, 67], with a RR of
approximately 31% to 67% [67,

Partial response rates: 16% to 28% [130-135]. 68].
Photodynamic Therapy Response rates: 66% to 78% [124, 136-139];

Recurrence rates: 33.6% [11].

Perianal EMPD: The basic treat-

MMS, Mohs micrographic surgery.

PDT. Currently, discussions of radiotherapy
tend to focus on palliative use to relieve pain,
despite the risk of frequent radiation derma-
titis [55]. PDT is becoming increasingly widely
used. One study found no cases of recurrence
in 31 patients treated with surgery combined
with PDT but one recurrence in 7 patients treat-
ed with PDT alone [56]. (2) Invasive EMPD
requires wide surgical resection with a lateral
margin of 2 cm and deep excision in front of the
tumor to ensure that the fascia is removed [57].
(3) Metastatic EMPD: The treatment mainly
relies on chemotherapy, which can be perfor-
med using taxane or cisplatin combined with
5-fluorouracil.

EMPD in female vulva: The recurrence rates
(RR) with radical vulvectomy, radical hemi-vul-
vectomy and wide lesion excision (WLE) were
15%, 20% and 43%, respectively [58]. In addi-
tion, the RR with MMS as therapy for the vulvar
EMPD was 27%. Imiquimod has been reported
as a successful treatment alternative to sur-
gery. In a series of recent studies, imiquimod
was more likely to cure the disease than WLE
[59]. Chemotherapy can also play a role. Local
chemotherapy drugs for treating EMPD include
5-fluorouracil and bleomycin [7, 60-63]. Des-
pite playing an important role in multimodal
treatment strategies to control symptoms of
inoperable or recurrent diseases, chemothera-
py is not recommended as the primary treat-
ment modality [64, 65]. Radiotherapy is mainly
indicated for patients who are not suitable for
surgery or as an adjuvant treatment to sur-
gery in patients with underlying adenocarcino-
ma [7]. A study presented the final radiothe-
rapy results of nine patients categorized in the
intraepithelial Paget’'s (IEP) and invasive dis-
ease groups, finding that the RR after radio-
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ment for perianal EMPD is surgi-
cal resection. Local excision is
associated with a high recur-
rence rate (40%) [44]. Wide surgical excision
with a sphincter-saving technique is a better
treatment method [5, 69-72], which can give
patients more chances to be cured and survive
[72-77]. MMS has been shown to reduce the
risk of recurrence to 28% [46, 78]. When the
disease is associated with underlying anal or
rectal cancers, the choice of treatment mo-
dality is the abdominoperineal resection with
wide excision of the cutaneous lesions [79].
Several noninvasive treatments, including ra-
diotherapy, chemotherapy, and PDT, may be
proven to be reasonable alternatives to sur-
gery, but there are currently insufficient data
to assess the efficacies of noninvasive treat-
ments.

Prognosis and follow-up

The prognosis of EMPD depends on the pres-
ence of underlying distant cancers. The pro-
gnosis for primary/epidermal extramammary
Paget's disease is generally favorable. How-
ever, if the lesion invades and its depth of inva-
sion exceeds 1 mm, the prognosis can become
worse. Due to the risk of recurrence, clinical
follow-up of EMPD patients is recommended.
For noninvasive EMPD, follow-up every six
months for three years, followed by annual
monitoring for ten years, is recommended. On
the other hand, for invasive EMPDs or EMPDs
associated with underlying tumors, follow-up
should be more frequent (3 or 4 times per
year), with biopsies performed for any suspi-
cious skin lesions.

Correlation between EMPD and MPD

Paget’s disease has been classified into EMPD
and MPD, which share many clinicopathologi-
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Table 2. Correlation between mammary and extramammary Paget’s diseases

Mammary Paget’s disease

Extramammary Paget’s disease

Epidemiology Accounting for 0.7-4.3% of all breast cancers [140-142].

Onset age Mean age 57 years.
Clinical Insidious;
features oozing erythema of nipple and areola;

invariably unilateral and very exceptionally bilateral [143];

itch, tingling, burning or pain.

Pathological ~ The invasion of epidermis by Paget cells;
features expressing keratin 7, epithelial membrane antigen,

carcinoembryonic antigen, GCDFP-15, the oncoproteins c-
erb-B2/HER-2/neu, p53, cell-cycle-related antigens (p21,

Ki-67, cyclin D1) and androgen receptors [144-147].

Pathogenesis Paget cells originate from the underlying mammary car-
cinoma and migrate via the lactipherous ducts to invade

the epidermis of the nipple and areola.

Treatment 1. Surgical excision [148];
2. Radiotherapy [149, 150];

3. Chemotherapy [151].

Accounting for 6.5% of all Paget’s disease cases [4].
Aged between 65 and 70 years [5, 6].

Insidious;
well-demarcated red or brown plaques;
bleeding, oedema or subjective symptoms (itch, burning or pain).

Paget cells;
the positivity of some histochemical stains: periodic acid-Schiff,
mucicarmin, alcian blue, aldehyde-fuchsin and toluidin blue.

Two different forms:

1. Primary or cutaneous EMPD:

originate in the skin, initially limited to the epithelium, slowly
progress to an invasive tumour, spreading to the underlying dermis,
blood and lymphatic vessels;

2. Secondary form of EMPD:

associated to an underlying adenocarcinoma;

due to epidermal invasion of malignant adenocarcinoma cells.
1. Surgical excision [46, 47];

2. Laser excision [152];

3. X-ray treatment;

4. Intralesional interferon [153];

5. Systemic chemotherapy [49, 50];

6. Dynamic phototherapy [52, 53].

cal features but also exhibit some differences
in certain aspects, such as pathogenesis and
correlations with potential malignancies. Table
2 shows the characteristics and correlations
of EMPD and MPD.

Photodynamic therapy
Overview of photodynamic therapy

PDT has emerged as a strategy for cancer treat-
ment in recent years [80]. PDT utilizes photo-
sensitizers, light, and oxygen molecules to se-
lectively treat malignant lesions through photo-
dynamic reactions. PDT can generate reactive
oxygen species (ROS) under specific laser irra-
diation, thereby Killing tumor cells and inhibiting
tumor growth. Photosensitizers such as hema-
toporphyrin and temoporfin have been used to
treat clinical tumors. Notably, PDT has become
a novel modality for the treatment of advanced
tumors and has been successfully used to treat
some skin malignancies, such as Bowen’s dis-
ease and superficial basal cell carcinoma [81].
The advantages of PDT include the following:
(1) minimal toxic side effects compared to sys-
temic drug administration since ROS produc-
tion is induced locally to promote cellular apop-
tosis; (2) no drug resistance; (3) minimal effect
on adjacent organs or skin tissues (PDT is a
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better treatment option for patients with seri-
ous heart and brain diseases that are not suit-
able for resection); (4) the treatment of PDT is
more thorough. Employing PDT helps to avoid
missing small lesions that are invisible to the
naked eye during surgery, thus improving pa-
tient prognosis [80].

Clinical studies on PDT

The clinical application of PDT for cancer dates
back to the late 1970s, when a study was pub-
lished about the effects of hematoporphyrin
derivative (HPD) combined with light on five
patients with bladder cancer [82, 83]. In 1978,
Dougherty et al. reported the first series of
patients successfully treated with PDT [84].
Complete or partial responses were achieved
in 111 of the 113 malignant lesions. Several
systematic reviews indicated that PDT could be
used to treat malignant and precancerous non-
melanoma skin lesions [85, 86]. PDT in the
treatment of skin malignant cancers has been
widely studied [87, 88]. PDT has also been suc-
cessfully applied to the treatment of early can-
cers of the oral cavity, pharynx and throat,
allowing the normal tissues and the important
functions of speech and swallowing to be
retained [89]. A large multicenter phase 2 trial
evaluating temoporfin-mediated PDT in the
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treatment of primary oropharyngeal cancer
showed a complete response rate of 85% (97
of 114 patients) at 12 weeks and a 2-year dis-
ease-free survival rate of 75% [90]. In addition,
several other studies have demonstrated that
PDT could be used to treat digestive system
tumors [91], intraperitoneal malignancies [92],
urinary system tumors [93], and brain tumors
[94].

PDT in combination with chemotherapy

Combination therapies using two or more treat-
ment strategies are known to reduce toxicity
and improve the efficacy of a single therapy.
PDT combined with chemotherapy via drug
delivery systems (DDSs) can increase the
effects while reducing the toxic side effects of
chemotherapy alone [95-99]. To synergistically
deliver chemotherapeutic drugs and photosen-
sitizers, researchers loaded Ce6 via m-m stack-
ing interactions with doxorubicin (DOX), which
was then connected to a personality polymeric
carrier through the terminal thione bond (PEG-
PBCTKDOX) sensitive to ROS. In this system,
the ROS generated by PDT can cause nanocar-
rier degradation and promote drug release.
Therefore, nontargeted chemotherapeutic dr-
ugs will only release the minimum toxic dose
at the position where the excitation light is
focused. This strategy is very suitable for in-
ducing additional tumor growth inhibition to
improve efficiency and reduce toxicity [100].

PDT in combination with radiotherapy

Radiotherapy is a local therapeutic method for
tumors. Approximately 70% of cancer patients
receive radiotherapy as a part of their cancer
treatment and usually obtain appropriate thera-
peutic outcomes [101-103]. The effectiveness
of radiotherapy depends on radiosensitivity,
lesion location, tumor type, etc., among which
radiosensitivity is closely related to the prolif-
eration cycle and pathological stage of tumors.
In addition, the radiosensitivity of tumor tissue
is also considerably influenced by O, levels
[104-1086].

Similar to the combined use of chemotherapy
and PDT, PDT-based radiotherapy has an impor-
tant synergistic therapeutic effect, which can
reduce the radiotherapeutic dose and adverse
reactions. In particular, the self-lighting PDT
developed in recent years no longer requires
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additional light sources, and its combination
with radiotherapy not only reduces the radia-
tion dose but also effectively solves the prob-
lems of weak penetration of external light
sources and poor PDT-inducing effects. The
damage of X-rays to biological macromolecules
such as DNA and proteins involves both direct
energy transfer and indirect effects of water
ionization that produce massive amounts of
free radicals. The main damage occurs in the
nucleus. Photosensitizers mainly aggregate at
membrane structures such as mitochondria,
endoplasmic reticulum, Golgi apparatus and
cell membrane, causing membrane injury and
activating corresponding apoptotic pathways
extranuclearly [107]. However, PDT can not only
cause phototoxicity through 'O, but also lead to
several types of DNA damage [108], thus result-
ing in a synergistic effect with their combina-
tion. The combined effect may be related to
various factors, including photosensitizer prop-
erties, irradiation intensity of PDT, radiation
dose, cell line and the interval between radio-
therapy and PDT. For example, photosensiti-
zers with radiosensitization are more likely to
exhibit synergistic effects.

PDT combined with radiotherapy can substan-
tially reduce symptoms, improve quality of life,
and prolong survival in cancer patients [109,
110]. There have been a series of studies on
the effects of PDT plus radiotherapy. Previous
studies have shown that PDT combined with
radiotherapy can improve the sensitivity of
tumors to radiotherapy and improve treatment
outcomes [111, 112]. Furthermore, it can also
shorten the exposure time or reduce the radia-
tion dose. PDT has been widely used as a res-
cue procedure for patients with recurrent can-
cers after radiotherapy, and this practice has
shown promising results [113]. In one study,
PDT was used to treat patients with end-stage
head and neck squamous cell carcinoma who
had previously received surgery, chemothera-
py, and radiotherapy. The results showed an
overall response rate of 68%, with a median
progression-free survival of 33 months in pa-
tients with tumors showing responses [114]. In
addition, PDT can also work synergistically with
radiotherapy. A previous clinical study tested
the effect of PDT combined with radiotherapy
on Bowen’s disease. The results showed that
after the treatment, all lesions disappeared,
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Figure 1. Mechanism of photodynamic therapy killing tumor cells.

and there was no recurrence during follow-up
for 14 months.

The mechanism of PDT for EMPD

The molecular mechanism underlying photody-
namic therapy is based on the interaction of
three nontoxic components: photosensitizers
(PSs), light of appropriate wavelength, and dis-
solved oxygen in the targeted pathological tis-
sues [115]. Upon entering the cell, the photo-
sensitizer is exposed to light of a wavelength
matching its absorption spectrum, causing it
to convert from the singlet basic energy state
S° to the excited singlet state S*. Part of the
energy is radiated out in the form of fluorescent
quanta, while the remaining energy guides the
photosensitizer molecule into the excited tris-
tate T* [116, 117]. The subsequent reaction
occurs through two forms: (1) In the excited
state T*, photosensitizers transfer energy from
the surrounding environment to the biomole-
cules. Between the photosensitizer with the
state of T* and the cancerous tissues (sub-
strate), a hydrogen or electron is transferred,
which causes the formation of free radicals
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and anion radicals of the photosensitizer and
the substrate. Electrons interact with oxygen
molecules, which maintain their basic energy
state, leading to the production of ROS, which
culminates in a cancer Killing effect [118]. (2)
When the photosensitizer molecule transforms
into an excited tristate, the energy is directly
transferred to the oxygen molecules in the
basic energy state (the basic tristate), produc-
ing excited oxygen particles, known as singlet
oxygen, which possesses extremely strong oxi-
dative properties [119]. Excited photosensitizer
particles cannot damage the structures of
organic cells but only react with oxygen mole-
cules dissolved in the cytoplasm [120]. Highly
reactive oxygen can cause photodamage to
proteins, fats, and other molecules, leading to
the immediate death of tumor cells via apopto-
sis or necrosis [121]. The detailed reaction pro-
cess is shown in Figure 1.

Research progress in the treatment of EMPD
by PDT

Cases of local and systemic PDT used in combi-
nation with surgery, radiotherapy, and chemo-
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therapy for EMPD have been reported [52, 53,
122]. Notably, PDT is a well-tolerated outpa-
tient procedure that does not affect anatomical
structures or functions. It may be particularly
suitable for patients who are not candidates
for resection. Additionally, PDT can be used
to treat recurrent diseases following surgery.
Since PDT acts in situ, requires no tissue re-
moval and may induce host immune respons-
es, the treatment results may not be apparent
until several months after treatment [123]. PDT
has several advantages in the treatment of
EMPD: it is safe, reusable, can protect the
functions and appearances of the patient’s
organs, and can be used in combination with
other therapies.

To evaluate the efficacy of PDT in patients with
EMPD, a search from the PubMed database
was conducted to identify clinically or histologi-
cally confirmed EMPD cases treated with PDT
between 2013 and 2022. The search terms
used were “photodynamic therapy” and “extra-
mammary Paget’s disease”, and a total of 44
articles were obtained. The titles and abstr-
acts of these studies were assessed to deter-
mine their eligibility, followed by a full inclusion
review. Meanwhile, the exclusion criteria were
as follows: reports that were not in English and
reviews, unpublished clinical trials, and articles
with nonrelevant topics. In the end, 18 studies
or case reports were included. Detailed infor-
mation on each study is depicted in Table 3.

Effectiveness of PDT in the treatment of EMPD

Although the primary treatment for EMPD re-
mains surgical resection, PDT can offer several
advantages over other modalities [11]. In addi-
tion to providing a great response rate, PDT can
reduce lesion size and symptoms in nonopera-
tive patients. Improvements in quality of life
have also been found in a few studies [124,
125]. Moreover, PDT can preserve good appear-
ance and function, providing similar or lower
recurrence rates compared to other approach-
es [40, 126, 127]. Unlike radiotherapy, PDT can
be repeated according to patient tolerance,
without dose limiting factors [52]. PDT can also
be used to observe tumor margins. The affect-
ed tissues show more vasodilation, resulting
in higher photosensitizer concentrations [128].
Finally, PDT can be combined with other tre-
atment methods to produce higher complete
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response rates and lower recurrence rates.
Therefore, PDT possesses unique advantages
and effectiveness in the treatment of EMPD.

Conclusion

Overall, PDT is a reliable strategy for managing
EMPD and its associated symptoms. None-
theless, the majority of current studies are ret-
rospective analyses or case reports, which lack
sufficient validations. Therefore, future rando-
mized controlled trials are needed to further
substantiate the efficacies of PDT in EMPD
management.
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Applications of PDT in EMPD

Table 3. Basic information on studies using PDT to treat EMPD

Number and

Study gender of Age Site of lesion Other treatment methods Results
patients

Li X, 2022 [154] 7 (5 males and 53-76 years old Scrotum, penis and vulva Surgery Only one distant recurrence under the
2 females) armpit in 2.9 years

Wang D, 2022 [155] 11 (9 males 50-93 years old Vulva, penis, scrotum and Surgery (2 cases) 72.7% of the subjects (8/11) showed

and 2 females) perianal region

Lin JD, 2021 [156] 1 (female) 48 years old Perianal region
Ferrara F, 2021 [157] 10 (females) 67-92 years old Vulva
Zhou P, 2021 [158] 36 (males) Experimental group: 57-83 years ~ Scrotum, penis
old;
control group: 63-75 years old

Chen M, 2020 [159] 16 (males) 68.44 years old (mean age) Scrotum
Rioli DI, 2018 [160] 13 (females) 70.1 years old (mean age) Vulva
Bauman TM, 2018 [161] 1 (male) 69 years old Scrotum
Apalla Z, 2018 [162] 2 (1 female Female: 48 years old; Female: genital and perianal

and 1 male) male: 62 years old area;

male: pubic area
Shen S, 2018 [163] 1 (male) 78 years old The perineal region
Vicentini C, 2017 [164] 1 (female) 62 years old Vulva
Youssef AA, 2016 [165] 1 (male) 86 years old The right parietal
scalp

Park YJ, 2015 [166] 1 (male) 68 years old Scrotum
Gao Y, 2015 [56] 38 (males) 55-100 years old Scrotum and penis
Jing W, 2014 [167] 2 (males) 56 and 72 years old Scrotum and inguinal area
Fontanelli R, 2013 [124] 32 (females) 48-90 years old Vulva
Wang HW, 2013 [139] 13 (12 males  56-83 years old Lower abdomen, penis, pubic

and 1 female) hair, scrotum and inguen egions
Magnano M, 2013 [168] 1 (female) 84 years old Vulva

Topical imiquimod cream

Surgery (4 cases); carbon dioxide (CO,) laser
abrasion; occlusive application of aminolaevulinic
acid (ALA)

Experimental group: 5-ALA-PDT;

control group: wide local excision

Surgery

Imiquimod (10 cases), surgery (8 cases), and
carbon dioxide laser treatment (6 cases)
Imiquimod

Female: imiquimod;

male: steroids and imiquimod

None

Imiquimod, localized surgery and laser therapy
None

Surgery and radiotherapy

Surgery (31 cases);
without surgery (7 cases)

Imiquimod

Surgery; radiotherapy

Surgery alone or ALA-PDT combined with surgery

Topical antibiotic

CRin 17.4 months
No recurrence in 2 years

Complete remission (2 cases) and
recurrence (8 cases) in 12 months

No significant differences in recurrence
rate between two groups

Two patients developed metastases
followed up for 3 to 42 months

All patients relapsed after a median
time of five months

No recurrence in 6 years

No recurrence for 12 months

Symptoms were relieved after 3 ses-
sions of treatment

Disappearance of the pruritus and pain
after three sessions

No invasion in 12 months

No recurrence in 18 months

Surgery and PDT group: overall one-
year recurrence rate was 29.03%;
simple PDT group: overall recurrence
rate of 14.29%

No clinical recurrence after 24 and 36
months

Patients who initially achieved a com-
plete response recurred after 6, 10 and
18 months

Local recurrences in two patients (40%)
at 3 or 6 months

No recurrence in six months

5-ALA-PDT, Wood’s lamp examination combined with 5-aminolevulinic acid and photodynamic therapy.

4500

Am J Cancer Res 2023;13(10):4492-4507



Applications of PDT in EMPD

References

(1]

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

Kanitakis J. Mammary and extramammary
Paget’s disease. J Eur Acad Dermatol Venereol
2007; 21: 581-590.

Lopes Filho LL, Lopes IM, Lopes LR, Enokihara
MM, Michalany AO and Matsunaga N. Mam-
mary and extramammary Paget’s disease. An
Bras Dermatol 2015; 90: 225-231.

Chagpar AB, Heim K, Carron KR and Sewell C.
Extramammary Paget’s disease of the axilla:
an unusual case. Breast J 2007; 13: 291-293.
Fardal RW, Kierland RR, Clagett OT and Wool-
ner LB. Prognosis in cutaneous Paget’'s dis-
ease. Postgrad Med 1964; 36: 584-593.
McCarter MD, Quan SH, Busam K, Paty PP,
Wong D and Guillem JG. Long-term outcome of
perianal Paget’s disease. Dis Colon Rectum
2003; 46: 612-616.

Salamanca J, Benito A, Garcia-Penalver C,
Azorin D, Ballestin C and Rodriguez-Peralto JL.
Paget’s disease of the glans penis secondary
to transitional cell carcinoma of the bladder: a
report of two cases and review of the litera-
ture. J Cutan Pathol 2004; 31: 341-345.
Shepherd V, Davidson EJ and Davies-Hum-
phreys J. Extramammary Paget's disease.
BJOG 2005; 112: 273-279.

Urabe A, Matsukuma A, Shimizu N, Nishimura
M, Wada H and Hori Y. Extramammary Paget’s
disease: comparative histopathologic studies
of intraductal carcinoma of the breast and
apocrine adenocarcinoma. J Cutan Pathol
1990; 17: 257-265.

Oliveira A, Sanches M and Selores M. Axillary
Paget’'s disease associated with breast carci-
noma in an elderly patient. Eur J Dermatol
2011; 21: 102-103.

Inui S, Fukuhara S, Asada H, Tadokoro T, Yo-
shikawa K and Itami S. Double involvement of
extramammary Paget’s disease in the genita-
lia and axilla. J Dermatol 2000; 27: 409-412.
Shim PJ and Zeitouni NC. Photodynamic thera-
py for extramammary Paget’'s disease: a sys-
tematic review of the literature. Photodiagno-
sis Photodyn Ther 2020; 31: 101911.

Hendi A, Brodland DG and Zitelli JA. Extramam-
mary Paget’s disease: surgical treatment with
Mohs micrographic surgery. J Am Acad Derma-
tol 2004; 51: 767-773.

Bae JM, Choi YY, Kim H, Oh BH, Roh MR, Nam
K and Chung KY. Mohs micrographic surgery
for extramammary Paget disease: a pooled
analysis of individual patient data. J Am Acad
Dermatol 2013; 68: 632-637.

Damavandy AA, Terushkin V, Zitelli JA, Brod-
land DG, Miller CJ, Etzkorn JR, Shin TM, Cappel
MA, Mitkov M and Hendi A. Intraoperative im-
munostaining for cytokeratin-7 during Mohs

4501

(15]

(16]

(17]

(19]

[20]

(21]

[22]

(23]

(24]

[25]

micrographic surgery demonstrates low local
recurrence rates in extramammary Paget's
disease. Dermatol Surg 2018; 44: 354-364.
Merritt BG, Degesys CA and Brodland DG. Ex-
tramammary Paget disease. Dermatol Clin
2019; 37: 261-267.

Ishizawa T, Mitsuhashi Y, Sugiki H, Hashimoto
H and Kondo S. Basal cell carcinoma within
vulvar Paget's disease. Dermatology 1998;
197: 388-390.

Goldblum JR and Hart WR. Perianal Paget’s
disease: a histologic and immunohistochemi-
cal study of 11 cases with and without associ-
ated rectal adenocarcinoma. Am J Surg Pathol
1998; 22: 170-179.

Sasaki M, Terada T, Nakanuma Y, Kono N,
Kasahara Y and Watanabe K. Anorectal muci-
nous adenocarcinoma associated with latent
perianal Paget’s disease. Am J Gastroenterol
1990; 85: 199-202.

Kibbi N, Owen JL, Worley B, Wang JX, Hariku-
mar V, Downing MB, Aasi SZ, Aung PP, Barker
CA, Bolotin D, Bordeaux JS, Cartee TV, Chan-
dra S, Cho NL, Choi JN, Chung KY, Cliby WA,
Dorigo O, Eisen DB, Fujisawa Y, Golda N, Half-
danarson TR, lavazzo C, Jiang SIB, Kanitakis J,
Khan A, Kim JYS, Kuzel TM, Lawrence N, Leitao
MM Jr, MacLean AB, Maher IA, Mittal BB, Ne-
hal KS, Ozog DM, Pettaway CA, Ross JS, Rossi
AM, Servaes S, Solomon MJ, Thomas VD, Tolia
M, Voelzke BB, Waldman A, Wong MK, Zhou Y,
Arai N, Brackett A, Ibrahim SA, Kang BY, Poon
E and Alam M. Evidence-based clinical prac-
tice guidelines for extramammary Paget dis-
ease. JAMA Oncol 2022; 8: 618-628.

Zhao C, Li Y, Zhang C, Zhang G and Li H. Extra-
mammary Paget’s disease involving the axilla:
case series and literature review. Int J Derma-
tol 2023; 62: 933-937.

Hilliard NJ, Huang C and Andea A. Pigmented
extramammary Paget’'s disease of the axilla
mimicking melanoma: case report and review
of the literature. J Cutan Pathol 2009; 36:
995-1000.

Zhang L, Gao XH and Li JH. Pigmented plaque
in the axilla. JAMA Dermatol 2020; 156: 1255-
1256.

Fukuchi R, Kuwatsuka Y, Koike Y, Sato Y, Nishi-
moto K and Utani A. Patients with axillary Pag-
et’s disease should be carefully screened for
other sites affected by the disease. Eur J Der-
matol 2018; 28: 83-84.

Lai YL, Yang WG, Tsay PK, Swei H, Chuang SS
and Wen CJ. Penoscrotal extramammary Pag-
et’s disease: a review of 33 cases in a 20-year
experience. Plast Reconstr Surg 2003; 112:
1017-1023.

Hoch WH. Adenocarcinoma of the scrotum
(extramammary Paget’s disease): case report

Am J Cancer Res 2023;13(10):4492-4507



[26]

[27]

(28]

[29]

[30]

(31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

Applications of PDT in EMPD

and review of the literature. J Urol 1984; 132:
137-139.

Chanda JJ. Extramammary Paget’s disease:
prognosis and relationship to internal malig-
nancy. J Am Acad Dermatol 1985; 13: 1009-
1014.

Fanning J, Lambert HC, Hale TM, Morris PC
and Schuerch C. Paget’s disease of the vulva:
prevalence of associated vulvar adenocarci-
noma, invasive Paget's disease, and recur-
rence after surgical excision. Am J Obstet Gy-
necol 1999; 180: 24-27.

Wilkinson EJ and Brown HM. Vulvar Paget dis-
ease of urothelial origin: a report of three cas-
es and a proposed classification of vulvar Pag-
et disease. Hum Pathol 2002; 33: 549-554.
Goldblum JR and Hart WR. Vulvar Paget’s dis-
ease: a clinicopathologic and immunohisto-
chemical study of 19 cases. Am J Surg Pathol
1997; 21: 1178-1187.

Lee SC, Roth LM, Ehrlich C and Hall JA. Extra-
mammary Paget’s disease of the vulva. A clini-
copathologic study of 13 cases. Cancer 1977;
39: 2540-2549.

Popiolek DA, Hajdu Sl and Gal D. Synchronous
Paget’s disease of the vulva and breast. Gyne-
col Oncol 1998; 71: 137-140.

Goodman MT, Tung KH and Wilkens LR. Com-
parative epidemiology of breast cancer among
men and women in the US, 1996 to 2000.
Cancer Causes Control 2006; 17: 127-136.
Cohen MA, Hanly A, Poulos E and Goldstein
GD. Extramammary Paget’s disease present-
ing on the face. Dermatol Surg 2004; 30:
1361-1363.

Burrows NP, Jones DH, Hudson PM and Pye RJ.
Treatment of extramammary Paget’s disease
by radiotherapy. Br J Dermatol 1995; 132:
970-972.

Hashimoto T, Inamoto N and Nakamura K. Tri-
ple extramammary Paget’'s disease. Immuno-
histochemical studies. Dermatologica 1986;
173: 174-179.

Adashek JJ, Leonard A, Nealon SW, Krishnan
A, Mosiello GC, Dhillon J and Spiess PE. Extra-
mammary Paget’'s disease: what do we know
and how do we treat? Can J Urol 2019; 26:
10012-10021.

Ishizuki S and Nakamura Y. Extramammary
Paget’s disease: diagnosis, pathogenesis, and
treatment with focus on recent developments.
Curr Oncol 2021; 28: 2969-2986.

Lee JY and Chao SC. Clear cell papulosis of the
skin. Br J Dermatol 1998; 138: 678-683.
Haleem A, Kfoury H, Al Juboury M and Al Hus-
seini H. Paget’s disease of the oesophagus as-
sociated with mucous gland carcinoma of the
lower oesophagus. Histopathology 2003; 42:
61-65.

4502

[40]

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

[50]

[51]

Pierie JP, Choudry U, Muzikansky A, Finkelstein
DM and Ott MJ. Prognosis and management of
extramammary Paget’s disease and the asso-
ciation with secondary malignancies. J Am Coll
Surg 2003; 196: 45-50.

Belousova IE, Kazakov DV, Michal M and Sus-
ter S. Vulvar toker cells: the long-awaited miss-
ing link: a proposal for an origin-based histoge-
netic classification of extramammary paget
disease. Am J Dermatopathol 2006; 28: 84-
86.

Willman JH, Golitz LE and Fitzpatrick JE. Vulvar
clear cells of Toker: precursors of extramam-
mary Paget’s disease. Am J Dermatopathol
2005; 27: 185-188.

Zhao Y, Gong X, Li N, Zhu Q, Yu D and Jin X.
Primary extramammary Paget's disease: a
clinicopathological study of 28 cases. Int J Clin
Exp Pathol 2019; 12: 3426-3432.
Ishida-Yamamoto A, Sato K, Wada T, Takahashi
H, Toyota N, Shibaki T, Yamazaki K, Tokusashi
Y, Miyokawa N and lizuka H. Fibroepithelioma-
like changes occurring in perianal Paget’s dis-
ease with rectal mucinous carcinoma: case
report and review of 49 cases of extramam-
mary Paget’s disease. J Cutan Pathol 2002;
29: 185-189.

Ito T, Kaku-lto Y and Furue M. The diagnosis
and management of extramammary Paget’s
disease. Expert Rev Anticancer Ther 2018; 18:
543-553.

Zollo JD and Zeitouni NC. The roswell park can-
cer institute experience with extramammary
Paget’s disease. Br J Dermatol 2000; 142: 59-
65.

Murata Y and Kumano K. Extramammary Pag-
et’s disease of the genitalia with clinically clear
margins can be adequately resected with 1 cm
margin. Eur J Dermatol 2005; 15: 168-170.
Cohen PR, Schulze KE, Tschen JA, Hethering-
ton GW and Nelson BR. Treatment of extrama-
mmary Paget disease with topical imiquimod
cream: case report and literature review. South
Med J 2006; 99: 396-402.

Fujisawa Y, Umebayashi Y and Otsuka F. Meta-
static extramammary Paget’'s disease suc-
cessfully controlled with tumour dormancy
therapy using docetaxel. Br J Dermatol 2006;
154: 375-376.

Mochitomi Y, Sakamoto R, Gushi A, Hashiguchi
T, Mera K, Matsushita S, Nishi M, Kanzaki T
and Kanekura T. Extramammary Paget’s dis-
ease/carcinoma successfully treated with a
combination chemotherapy: report of two cas-
es. J Dermatol 2005; 32: 632-637.

Hashimoto H and Ito T. Current management
and treatment of extramammary Paget’s dis-
ease. Curr Treat Options Oncol 2022; 23: 818-
830.

Am J Cancer Res 2023;13(10):4492-4507



(52]

(53]

(54]

[55]

[56]

(57]

(58]

[59]

[60]

[61]

[62]

[63]

Applications of PDT in EMPD

Shieh S, Dee AS, Cheney RT, Frawley NP,
Zeitouni NC and Oseroff AR. Photodynamic
therapy for the treatment of extramammary
Paget’s disease. Br J Dermatol 2002; 146:
1000-1005.

Henta T, Itoh Y, Kobayashi M, Ninomiya Y and
Ishibashi A. Photodynamic therapy for inoper-
able vulval Paget’s disease using delta-amino-
laevulinic acid: successful management of a
large skin lesion. Br J Dermatol 1999; 141:
347-349.

Moretto P, Nair VJ, Hallani SE, Malone S, Be-
langer E, Morash C and Canil CM. Manage-
ment of penoscrotal extramammary Paget dis-
ease: case series and review of the literature.
Curr Oncol 2013; 20: €311-320.

Tackenberg S, Gehrig A, Dummer R and Nava-
rini AA. External beam radiotherapy of extra-
mammary Paget disease. Cutis 2015; 95:
109-112.

Gao Y, Zhang XC, Wang WS, Yang Y, Wang HL,
Lu YG and Fan DL. Efficacy and safety of topical
ALA-PDT in the treatment of EMPD. Photodiag-
nosis Photodyn Ther 2015; 12: 92-97.
Dauendorffer JN, Herms F, Baroudjian B, Bas-
set-Seguin N, Cavelier-Balloy B, Fouéré S,
Bagot M and Lebbé C. Penoscrotal Paget’s dis-
ease. Ann Dermatol Venereol 2021; 148: 71-
76.

Delport ES. Extramammary Paget’s disease of
the vulva: an annotated review of the current
literature. Australas J Dermatol 2013; 54:
9-21.

Pang J, Assaad D, Breen D, Fialkov J, Anto-
nyshyn O, Balogh J, Tsao M, Kamra J, Czarnota
G and Barnes EA. Extramammary Paget dis-
ease: review of patients seen in a non-melano-
ma skin cancer clinic. Curr Oncol 2010; 17:
43-45.

Dilmé-Carreras E, Iglesias-Sancho M, Marquez-
Balbas G, Sola-Ortigosa J and Umbert-Millet P.
Radiotherapy for extramammary Paget dis-
ease of the anogenital region. J Am Acad Der-
matol 2011; 65: 192-194.

Del Castillo LF, Garcia C, Schoendorff C, Garcia
JF, Torres LM and Garcia Almagro D. Spontane-
ous apparent clinical resolution with histologic
persistence of a case of extramammary Pag-
et’s disease: response to topical 5-fluorouracil.
Cutis 2000; 65: 331-333.

Li Q, Gao T, Jiao B, Qi X, Long HA, Qiao H, Wang
L, Lv Y, Hu X, Liao W, Wang S and Li C. Long-
term follow-up of in situ extramammary Pag-
et’'s disease in Asian skin types IV/V treated
with photodynamic therapy. Acta Derm Vene-
reol 2010; 90: 159-164.

Haberman HF, Goodall J and Llewellyn M. Ex-
tramammary Paget’s disease. Can Med Assoc
J 1978; 118: 161-162.

4503

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

[75]

[76]

[77]

[78]

Niikura H, Yoshida H, Ito K, Takano T, Wata-
nabe H, Aiba S and Yaegashi N. Paget’s dis-
ease of the vulva: clinicopathologic study of
type 1 cases treated at a single institution. Int
J Gynecol Cancer 2006; 16: 1212-1215.
Parker LP, Parker JR, Bodurka-Bevers D, Deav-
ers M, Bevers MW, Shen-Gunther J and Gersh-
enson DM. Paget’s disease of the vulva: pa-
thology, pattern of involvement, and prognosis.
Gynecol Oncol 2000; 77: 183-189.

Besa P, Rich TA, Delclos L, Edwards CL, Ota DM
and Wharton JT. Extramammary Paget’s dis-
ease of the perineal skin: role of radiotherapy.
Int J Radiat Oncol Biol Phys 1992; 24: 73-78.
Louis-Sylvestre C, Haddad B and Paniel BJ.
Paget’s disease of the vulva: results of differ-
ent conservative treatments. Eur J Obstet Gy-
necol Reprod Biol 2001; 99: 253-255.

Ewing TL. Paget’s disease of the vulva treated
by combined surgery and laser. Gynecol Oncol
1991; 43: 137-140.

Tjandra J. Perianal Paget’'s disease. Report of
three cases. Dis Colon Rectum 1988; 31: 462-
466.

Marchesa P, Fazio VW, Oliart S, Goldblum JR,
Lavery IC and Milsom JW. Long-term outcome
of patients with perianal Paget’s disease. Ann
Surg Oncol 1997; 4: 475-480.

Goldman S, Ihre T, Lagerstedt U and Svensson
C. Perianal Paget’s disease: report of five cas-
es. Int J Colorectal Dis 1992; 7: 167-169.
Mehta NJ, Torno R and Sorra T. Extramammary
Paget’s disease. South Med J 2000; 93: 713-
715.

Diaz de Leon E, Carcangiu ML, Prieto VG, Mc-
Cue PA, Burchette JL, To G, Norris BA, Kovatich
AJ, Sanchez RL, Krigman HR and Gatalica Z.
Extramammary Paget disease is characterized
by the consistent lack of estrogen and proges-
terone receptors but frequently expresses an-
drogen receptor. Am J Clin Pathol 2000; 113:
572-575.

Cappuccini F, Tewari K, Rogers LW and DiSaia
PJ. Extramammary Paget’s disease of the vul-
va: metastases to the bone marrow in the ab-
sence of an underlying adenocarcinoma--case
report and literature review. Gynecol Oncol
1997; 66: 146-150.

Jensen SL, Sjglin KE, Shokouh-Amiri MH, Ha-
gen K and Harling H. Paget's disease of the
anal margin. Br J Surg 1988; 75: 1089-1092.
Tulchinsky H, Zmora O, Brazowski E, Goldman
G and Rabau M. Extramammary Paget’s dis-
ease of the perianal region. Colorectal Dis
2004; 6: 206-209.

Beck DE and Fazio VW. Perianal Paget’s dis-
ease. Dis Colon Rectum 1987; 30: 263-266.
Coldiron BM, Goldsmith BA and Robinson JK.
Surgical treatment of extramammary Paget’'s

Am J Cancer Res 2023;13(10):4492-4507



[79]

(80]

(81]

(82]

(83]

[84]

[85]

(86]

[87]

[88]

Applications of PDT in EMPD

disease. A report of six cases and a reexamina-
tion of Mohs micrographic surgery compared
with conventional surgical excision. Cancer
1991; 67: 933-938.

Berardi RS, Lee S and Chen HP. Perianal extra-
mammary Paget’s disease. Surg Gynecol Ob-
stet 1988; 167: 359-366.

Xu H, Li YM, Ma H, Gu WT and Chen ZQ. Photo-
dynamic therapy combined with dermabrasion
in cutaneous squamous cell carcinoma con-
comitant with psoriasis. Photobiomodul Pho-
tomed Laser Surg 2019; 37: 191-193.

Morton CA, Whitehurst C, McColl JH, Moore JV
and MacKie RM. Photodynamic therapy for
large or multiple patches of Bowen disease
and basal cell carcinoma. Arch Dermatol 2001;
137: 319-324.

Agostinis P, Berg K, Cengel KA, Foster TH, Gi-
rotti AW, Gollnick SO, Hahn SM, Hamblin MR,
Juzeniene A, Kessel D, Korbelik M, Moan J,
Mroz P, Nowis D, Piette J, Wilson BC and Golab
J. Photodynamic therapy of cancer: an update.
CA Cancer J Clin 2011; 61: 250-281.

Kelly JF and Snell ME. Hematoporphyrin deriv-
ative: a possible aid in the diagnosis and ther-
apy of carcinoma of the bladder. J Urol 1976;
115: 150-151.

Dougherty TJ, Kaufman JE, Goldfarb A,
Weishaupt KR, Boyle D and Mittleman A. Pho-
toradiation therapy for the treatment of malig-
nant tumors. Cancer Res 1978; 38: 2628-
2635.

Fayter D, Corbett M, Heirs M, Fox D and East-
wood A. A systematic review of photodynamic
therapy in the treatment of pre-cancerous skin
conditions, Barrett’s oesophagus and cancers
of the biliary tract, brain, head and neck, lung,
oesophagus and skin. Health Technol Assess
2010; 14: 1-288.

Gao F, Bai Y, Ma SR, Liu F and Li ZS. System-
atic review: photodynamic therapy for unre-
sectable cholangiocarcinoma. J Hepatobiliary
Pancreat Sci 2010; 17: 125-131.

Braathen LR, Szeimies RM, Basset-Seguin N,
Bissonnette R, Foley P, Pariser D, Roelandts R,
Wennberg AM and Morton CA; International
Society for Photodynamic Therapy in Dermatol-
ogy. Guidelines on the use of photodynamic
therapy for nonmelanoma skin cancer: an in-
ternational consensus. International Society
for Photodynamic Therapy in Dermatology,
2005. J Am Acad Dermatol 2007; 56: 125-
143.

Nestor MS, Gold MH, Kauvar AN, Taub AF,
Geronemus RG, Ritvo EC, Goldman MP, Gilbert
DJ, Richey DF, Alster TS, Anderson RR, Bank
DE, Carruthers A, Carruthers J, Goldberg DJ,
Hanke CW, Lowe NJ, Pariser DM, Rigel DS,
Robins P, Spencer JM and Zelickson BD. The

4504

(89]

[90]

[92]

(93]

[95]

[96]

[97]

(98]

[99]

use of photodynamic therapy in dermatology:
results of a consensus conference. J Drugs
Dermatol 2006; 5: 140-154.

Jerjes W, Upile T, Akram S and Hopper C. The
surgical palliation of advanced head and neck
cancer using photodynamic therapy. Clin Oncol
(R Coll Radiol) 2010; 22: 785-791.

Hopper C, Kibler A, Lewis H, Tan IB and Put-
nam G. mTHPC-mediated photodynamic thera-
py for early oral squamous cell carcinoma. Int J
Cancer 2004; 111: 138-146.

Wolfsen HC, Hemminger LL, Wallace MB and
Devault KR. Clinical experience of patients un-
dergoing photodynamic therapy for Barrett's
dysplasia or cancer. Aliment Pharmacol Ther
2004; 20: 1125-1131.

Cengel KA, Glatstein E and Hahn SM. Intraper-
itoneal photodynamic therapy. Cancer Treat
Res 2007; 134: 493-514.

Nathan TR, Whitelaw DE, Chang SC, Lees WR,
Ripley PM, Payne H, Jones L, Parkinson MC,
Emberton M, Gillams AR, Mundy AR and Bown
SG. Photodynamic therapy for prostate cancer
recurrence after radiotherapy: a phase | study.
J Urol 2002; 168: 1427-1432.

Kaye AH, Morstyn G and Brownbill D. Adjuvant
high-dose photoradiation therapy in the treat-
ment of cerebral glioma: a phase 1-2 study. J
Neurosurg 1987; 67: 500-505.

Jiang W, Liang M, Lei Q, Li Gand Wu S. The cur-
rent status of photodynamic therapy in cancer
treatment. Cancers (Basel) 2023; 15: 585.
Yao X, Chen X, He C, Chen L and Chen X. Dual
pH-responsive mesoporous silica nanoparti-
cles for efficient combination of chemotherapy
and photodynamic therapy. J Mater Chem B
2015; 3: 4707-4714.

Torezan L, Grinblat B, Haedersdal M, Valente
N, Festa-Neto C and Szeimies RM. A random-
ized split-scalp study comparing calcipotriol-
assisted methyl aminolaevulinate photody-
namic therapy (MAL-PDT) with conventional
MAL-PDT for the treatment of actinic keratosis.
Br J Dermatol 2018; 179: 829-835.

Wan G, Chen B, Li L, Wang D, Shi S, Zhang T,
Wang Y, Zhang L and Wang Y. Nanoscaled red
blood cells facilitate breast cancer treatment
by combining photothermal/photodynamic
therapy and chemotherapy. Biomaterials
2018; 155: 25-40.

Shui S, Zhao Z, Wang H, Conrad M and Liu G.
Non-enzymatic lipid peroxidation initiated by
photodynamic therapy drives a distinct ferrop-
tosis-like cell death pathway. Redox Biol 2021;
45: 102056.

[100] Donohoe C, Senge MO, Arnaut LG and Gomes-

da-Silva LC. Cell death in photodynamic thera-
py: from oxidative stress to anti-tumor immu-

Am J Cancer Res 2023;13(10):4492-4507



Applications of PDT in EMPD

nity. Biochim Biophys Acta Rev Cancer 2019;
1872: 188308.

[101] Citrin DE. Recent developments in radiothera-
py. N Engl J Med 2017; 377: 1065-1075.
[102] Barsky AR, Kim MM, Williams GR, Lally BE, In-
gram WS, Cengel KA and Feigenberg SJ. Pro-
ton-beam therapy: at the heart of cardiac
dose-sparing in mediastinal radiotherapy for
thymic carcinoma. J Thorac Oncol 2020; 15:

1240-1242.

[103] Price TW, Yap SY, Gillet R, Savoie H, Charbon-
niére LJ, Boyle RW, Nonat AM and Stasiuk GJ.
Evaluation of a bispidine-based chelator for
gallium-68 and of the porphyrin conjugate as
PET/PDT theranostic agent. Chemistry 2020;
26: 7602-7608.

[104] Sun W, Shi T, Luo L, Chen X, Lv P, Lv Y, Zhuang
Y, Zhu J, Liu G, Chen X and Chen H. Monodis-
perse and uniform mesoporous silicate nano-
sensitizers achieve low-dose X-ray-induced
deep-penetrating photodynamic therapy. Adv
Mater 2019; 31: e1808024.

[105] Thariat J, Valable S, Laurent C, Haghdoost S,
Pérés EA, Bernaudin M, Sichel F, Lesueur P,
Césaire M, Petit E, Ferré AE, Saintigny Y, Skog
S, Tudor M, Gérard M, Thureau S, Habrand JL,
Balosso J and Chevalier F. Hadrontherapy in-
teractions in molecular and cellular biology. Int
J Mol Sci 2019; 21: 133.

[106] Tyagi R, Maan K, Khushu S and Rana P. Urine
metabolomics based prediction model ap-
proach for radiation exposure. Sci Rep 2020;
10: 16063.

[107] Milla Sanabria L, Rodriguez ME, Cogno IS,
Rumie Vittar NB, Pansa MF, Lamberti MJ and
Rivarola VA. Direct and indirect photodynamic
therapy effects on the cellular and molecular
components of the tumor microenvironment.
Biochim Biophys Acta 2013; 1835: 36-45.

[108] Sazgarnia A, Montazerabadi AR, Bahreyni-Too-
si MH, Ahmadi A and Aledavood A. In vitro sur-
vival of MCF-7 breast cancer cells following
combined treatment with ionizing radiation
and mitoxantrone-mediated photodynamic
therapy. Photodiagnosis Photodyn Ther 2013;
10: 72-78.

[109] Nakano A, Watanabe D, Akita Y, Kawamura T,
Tamada Y and Matsumoto Y. Treatment effi-
ciency of combining photodynamic therapy
and ionizing radiation for Bowen’s disease. J
Eur Acad Dermatol Venereol 2011; 25: 475-
478.

[110] Zhang Q and Li L. Photodynamic combination-
al therapy in cancer treatment. J BUON 2018;
23:561-567.

[111] Takahashi J, Misawa M and Iwahashi H. Tran-
scriptome analysis of porphyrin-accumulated
and X-ray-irradiated cell cultures under limited
proliferation and non-lethal conditions. Micro-
arrays (Basel) 2015; 4: 25-40.

4505

[112] Ghoodarzi R, Changizi V, Montazerabadi AR
and Eyvazzadaeh N. Assessing of integration
of ionizing radiation with Radachlorin-PDT on
MCF-7 breast cancer cell treatment. Lasers
Med Sci 2016; 31: 213-219.

[113] Viswanath D and Won YY. Combining radiother-
apy (RT) and photodynamic therapy (PDT):
clinical studies on conventional RT-PDT ap-
proaches and novel nanoparticle-based RT-
PDT approaches under preclinical evaluation.
ACS Biomater Sci Eng 2022; 8: 3644-3658.

[114] Tan IB, Dolivet G, Ceruse P, Vander Poorten V,
Roest G and Rauschning W. Temoporfin-medi-
ated photodynamic therapy in patients with
advanced, incurable head and neck cancer: a
multicenter study. Head Neck 2010; 32: 1597-
1604.

[115] Kwiatkowski S, Knap B, Przystupski D, Saczko
J, Kedzierska E, Knap-Czop K, Kotlinska J, Mi-
chel O, Kotowski K and Kulbacka J. Photody-
namic therapy - mechanisms, photosensitizers
and combinations. Biomed Pharmacother
2018; 106: 1098-1107.

[116] Robertson CA, Evans DH and Abrahamse H.
Photodynamic therapy (PDT): a short review on
cellular mechanisms and cancer research ap-
plications for PDT. J Photochem Photobiol B
2009; 96: 1-8.

[117] Castano AP, Demidova TN and Hamblin MR.
Mechanisms in photodynamic therapy: part
two-cellular signaling, cell metabolism and
modes of cell death. Photodiagnosis Photodyn
Ther 2005; 2: 1-23.

[118] Luksiene Z. Photodynamic therapy: mecha-
nism of action and ways to improve the effi-
ciency of treatment. Medicina (Kaunas) 2003;
39: 1137-1150.

[119] Juzeniene A and Moan J. The history of PDT in
Norway part one: identification of basic mech-
anisms of general PDT. Photodiagnosis Photo-
dyn Ther 2007; 4: 3-11.

[120] Fonseca SM, Pina J, Arnaut LG, Seixas de Melo
J, Burrows HD, Chattopadhyay N, Alcacer L,
Charas A, Morgado J, Monkman AP, Asawapir-
om U, Scherf U, Edge R and Navaratnam S.
Triplet-state and singlet oxygen formation in
fluorene-based alternating copolymers. J Phys
Chem B 2006; 110: 8278-8283.

[121] Kessel D and Oleinick NL. Photodynamic ther-
apy and cell death pathways. Methods Mol Biol
2010; 635: 35-46.

[122] Runfola MA, Weber TK, Rodriguez-Bigas MA,
Dougherty TJ and Petrelli NJ. Photodynamic
therapy for residual neoplasms of the perianal
skin. Dis Colon Rectum 2000; 43: 499-502.

[123] Korbelik M and Dougherty GJ. Photodynamic
therapy-mediated immune response against
subcutaneous mouse tumors. Cancer Res
1999; 59: 1941-1946.

Am J Cancer Res 2023;13(10):4492-4507



Applications of PDT in EMPD

[124] Fontanelli R, Papadia A, Martinelli F, Lorusso
D, Grijuela B, Merola M, Solima E, Ditto A and
Raspagliesi F. Photodynamic therapy with M-
ALA as non surgical treatment option in pa-
tients with primary extramammary Paget’s dis-
ease. Gynecol Oncol 2013; 130: 90-94.

[125] Madan V, Loncaster J, Allan D, Lear J, Sheridan
L, Leach C and Allan E. Extramammary Paget’s
disease treated with topical and systemic pho-
todynamic therapy. Photodiagnosis Photodyn
Ther 2005; 2: 309-311.

[126] Black D, Tornos C, Soslow RA, Awtrey CS, Bara-
kat RR and Chi DS. The outcomes of patients
with positive margins after excision for intraep-
ithelial Paget’s disease of the vulva. Gynecol
Oncol 2007; 104: 547-550.

[127] Hatta N, Yamada M, Hirano T, Fujimoto A and
Morita R. Extramammary Paget’'s disease:
treatment, prognostic factors and outcome in
76 patients. Br J Dermatol 2008; 158: 313-
318.

[128] Jones RE Jr, Austin C and Ackerman AB. Extra-
mammary Paget’s disease. A critical reexami-
nation. Am J Dermatopathol 1979; 1: 101-132.

[129] Tagliaferri L, Casa C, Macchia G, Pesce A, Gar-
ganese G, Gui B, Perotti G, Gentileschi S, Inzani
F, Autorino R, Cammelli S, Morganti AG, Valen-
tini V.and Gambacorta MA. The role of radio-
therapy in extramammary Paget disease: a
systematic review. Int J Gynecol Cancer 2018;
28: 829-839.

[130] Luyten A, Sorgel P, Clad A, Gieseking F, Maass-
Poppenhusen K, Lellé RJ, Harter P, Buttmann
N and Petry KU. Treatment of extramammary
Paget disease of the vulva with imiquimod: a
retrospective, multicenter study by the Ger-
man colposcopy network. J Am Acad Dermatol
2014; 70: 644-650.

[131] Dogan A, Hilal Z, Krentel H, Cetin C, Hefler LA,
Grimm C and Tempfer CB. Paget’s disease of
the vulva treated with imiquimod: case report
and systematic review of the literature. Gyne-
col Obstet Invest 2017; 82: 1-7.

[132] Knight SR, Proby C, Ziyaie D, Carey F and Koch
S. Extramammary Paget disease of the peri-
anal region: the potential role of imiquimod in
achieving disease control. J Surg Case Rep
2016; 2016: rjw110.

[133] Cowan RA, Black DR, Hoang LN, Park KJ, Sos-
low RA, Backes FJ, Gardner GJ, Abu-Rustum
NR, Leitao MM Jr, Eisenhauer EL and Chi DS. A
pilot study of topical imiquimod therapy for the
treatment of recurrent extramammary Paget’s
disease. Gynecol Oncol 2016; 142: 139-143.

[134] Sawada M, Kato J, Yamashita T, Yoneta A, Hida
T, Horimoto K, Sato S and Uhara H. Imiquimod
5% cream as a therapeutic option for extrama-
mmary Paget’s disease. J Dermatol 2018; 45:
216-219.

4506

[135] van der Linden M, Meeuwis K, van Hees C, van
Dorst E, Bulten J, Bosse T, IntHout J, Boll D,
Slangen B, van Seters M, van Beurden M, van
Poelgeest M and de Hullu J. The Paget trial: a
multicenter, observational cohort intervention
study for the clinical efficacy, safety, and im-
munological response of topical 5% imiquimod
cream for vulvar Paget disease. JMIR Res Pro-
toc 2017; 6: e178.

[136] Clément E, Sparsa A, Doffoel-Hantz V, Durox H,
Prey S, Bonnetblanc JM, Caly H, Aubard Y and
Bedane C. Photodynamic therapy for the treat-
ment of extramammary Paget’s disease. Ann
Dermatol Venereol 2012; 139: 103-108.

[137] Nardelli AA, Stafinski T and Menon D. Effec-
tiveness of photodynamic therapy for mam-
mary and extra-mammary Paget’s disease: a
state of the science review. BMC Dermatol
2011; 11: 13.

[138] Al Yousef A, Boccara O, Moyal-Barracco M,
Zimmermann U and Saiag P. Incomplete effi-
cacy of 5-aminolevulinic acid (5 ALA) photody-
namic therapy in the treatment of widespread
extramammary Paget’s disease. Photoderma-
tol Photoimmunol Photomed 2012; 28: 53-55.

[139] Wang HW, Lv T, Zhang LL, Lai YX, Tang L, Tang
YC, Huang Z and Wang XL. A prospective pilot
study to evaluate combined topical photody-
namic therapy and surgery for extramammary
Paget's disease. Lasers Surg Med 2013; 45:
296-301.

[140] Ascenso AC, Marques MS and Capitao-Mor M.
Paget's disease of the nipple. Clinical and
pathological review of 109 female patients.
Dermatologica 1985; 170: 170-179.

[141] Ashikari R, Park K, Huvos AG and Urban JA.
Paget’s disease of the breast. Cancer 1970;
26: 680-685.

[142] Chaudary MA, Millis RR, Lane EB and Miller
NA. Paget’'s disease of the nipple: a ten year
review including clinical, pathological, and im-
munohistochemical findings. Breast Cancer
Res Treat 1986; 8: 139-146.

[143] Franceschini G, Masetti R, D’Ugo D, Palumbo
F, D’Alba P, Mulé A, Costantini M, Belli P and
Picciocchi A. Synchronous bilateral Paget's
disease of the nipple associated with bilateral
breast carcinoma. Breast J 2005; 11: 355-
356.

[144] Fu W, Lobocki CA, Silberberg BK, Chelladurai
M and Young SC. Molecular markers in Paget
disease of the breast. J Surg Oncol 2001; 77:
171-178.

[145] Meissner K, Riviere A, Haupt G and Loning T.
Study of neu-protein expression in mammary
Paget's disease with and without underlying
breast carcinoma and in extramammary Pag-
et's disease. Am J Pathol 1990; 137: 1305-
1309.

Am J Cancer Res 2023;13(10):4492-4507



Applications of PDT in EMPD

[146] Kanitakis J, Thivolet J and Claudy A. p53 pro-
tein expression in mammary and extramam-
mary Paget’s disease. Anticancer Res 1993;
13: 2429-2433.

[147] Liegl B, Horn LC and Moinfar F. Androgen re-
ceptors are frequently expressed in mammary
and extramammary Paget's disease. Mod
Pathol 2005; 18: 1283-1288.

[148] Bijker N, Rutgers EJ, Duchateau L, Peterse JL,
Julien JP and Cataliotti L; EORTC Breast Cancer
Cooperative Group. Breast-conserving therapy
for Paget disease of the nipple: a prospective
European Organization for Research and Treat-
ment of Cancer study of 61 patients. Cancer
2001; 91: 472-477.

[149] Marshall JK, Griffith KA, Haffty BG, Solin LJ, Vi-
cini FA, McCormick B, Wazer DE, Recht A and
Pierce LJ. Conservative management of Paget
disease of the breast with radiotherapy: 10-
and 15-year results. Cancer 2003; 97: 2142-
2149.

[150] Pierce LJ, Haffty BG, Solin LJ, McCormick B,
Vicini FA, Wazer DE, Recht A, Strawderman M
and Lichter AS. The conservative management
of Paget’s disease of the breast with radiother-
apy. Cancer 1997; 80: 1065-1072.

[151] Paone JF and Baker RR. Pathogenesis and
treatment of Paget’'s disease of the breast.
Cancer 1981; 48: 825-829.

[152] Becker-Wegerich PM, Fritsch C, Schulte KW,
Megahed M, Neuse W, Goerz G, Stahl W and
Ruzicka T. Carbon dioxide laser treatment of
extramammary Paget’s disease guided by pho-
todynamic diagnosis. Br J Dermatol 1998;
138: 169-172.

[153] Kobayashi H, Someda Y, Furukawa M, Chanoki
M and Hamada T. Intralesional interferon in
the treatment of extramammary Paget’s dis-
ease. Nihon Hifuka Gakkai Zasshi 1987; 97:
1-7.

[154] Li X, Zhao C, Kou H, Zhu F, Yang Y and Lu Y.
PDD-guided tumor excision combined with
photodynamic therapy in patients with extra-
mammary Paget's disease. Photodiagnosis
Photodyn Ther 2022; 38: 102841.

[155] Wang D, Wang P, Li C, Zhou Z, Zhang L, Zhang
G and Wang X. Efficacy and safety of HpD-PDT
for extramammary Paget’s disease refractory
to conventional therapy: a prospective, open-
label and single arm pilot study. Photodiagno-
sis Photodyn Ther 2022; 37: 102670.

[156] Lin JD, Li MH, Wu TH and Chang CH. Combined
methyl aminolevulinate-based photodynamic
therapy and imiquimod in a patient with peri-
anal extramammary Paget’s disease. Photodi-
agnosis Photodyn Ther 2021; 35: 102407.

[157] Ferrara F, Bardazzi F, Messori S, Abbenante D,
Barisani A and Vaccari S. Photodynamic thera-
py following fractional CO(2) laser for treat-
ment of primary vulvar Paget’s disease: does it
really work? J Dermatolog Treat 2021; 32:
800-802.

4507

[158] Zhou P, Li J, Song C, Lou Y and Fu B. The ap-
plication of Wood’s lamp combined with 5-ami-
nolevulinic acid for defining tumor margins in
patients with extramammary Paget’s disease.
Photodiagnosis Photodyn Ther 2021; 35:
102490.

[159] Chen M, Chen X, Dai Y, Yang Z, Zhang X and Li
D. Excision combined with photodynamic ther-
apy for scrotal Paget's disease in patients
aged over 60 years. Aging Male 2020; 23:
854-859.

[160] Rioli DI, Samimi M, Beneton N, Hainaut E, Mar-
tin L, Misery L and Quereux G. Efficacy and tol-
erance of photodynamic therapy for vulvar
Paget’'s disease: a multicentric retrospective
study. Eur J Dermatol 2018; 28: 351-355.

[161] Bauman TM, Rosman IS and Sheinbein DM.
Extramammary Paget’s disease of the scrotum
with complete response to imiquimod and
photodynamic therapy. BMJ Case Rep 2018;
2018: bcr2017221696.

[162] Apalla Z, Lallas A, Tsorova A, Nikolaidou C, Va-
kirlis E, loannides D and Sotiriou E. Complete
response of extramammary Paget’'s disease
with imiquimod and PDT: report of two ca-
ses. Photodermatol Photoimmunol Photomed
2018; 34: 273-275.

[163] Shen S, Zhang G, Wang P, Zhang Y, Keyal U, Ji J
and Wang X. ALA-PDT as palliative care in a pa-
tient with secondary perineum EMPD. Photodi-
agnosis Photodyn Ther 2018; 22: 166-168.

[164] Vicentini C, Carpentier O, Lecomte F, Thecua E,
Mortier L and Mordon SR. Treatment of a vul-
var Paget’s disease by photodynamic therapy
with a new light emitting fabric based device.
Lasers Surg Med 2017; 49: 177-180.

[165] Youssef AA and Reygagne P. Successful treat-
ment of extramammary Paget’s disease of the
scalp with photodynamic therapy. Int J Derma-
tol 2016; 55: 580-582.

[166] Park YJ and Kim YC. A case of extramammary
Paget’'s disease resistant to photodynamic
therapy and surgery successfully treated with
radiotherapy. Ann Dermatol 2015; 27: 99-100.

[167] Jing W, Juan X, Li X, Jiayuan C, Qin H, Qing L
and Shengmei X. Complete remission of two
patients with recurrent and wide spread extra-
mammary Paget disease obtained from 5-ami-
nolevulinic acid-based photodynamic therapy
and imiquimod combination treatment. Photo-
diagnosis Photodyn Ther 2014; 11: 434-440.

[168] Magnano M, Loi C, Bardazzi F, Burtica EC and
Patrizi A. Methyl - aminolevulinic acid photody-
namic therapy and topical tretinoin in a patient
with vulvar extramammary Paget’'s disease.
Dermatol Ther 2013; 26: 170-172.

Am J Cancer Res 2023;13(10):4492-4507



