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Abstract
Background: The recurrence rate of  extramammary Paget disease after surgical resection is high due to the lesions' poorly delineated 
and unclear margins. 
Aims: To evaluate the impact of  non-invasive tumour margin detection via photodynamic diagnosis plus reflectance confocal microscopy 
on the surgical outcomes of  patients with extramammary Paget disease.
Methods: Thirty-six patients with histopathologically confirmed primary extramammary Paget disease between January 2017 and June 
2018 were included in this study. The skin lesion margins were preoperatively observed using the naked eye, photodynamic diagnosis, 
and reflectance confocal microscopy. An incision was made 0.5–2 cm from the outermost non-invasive detection marker line. The incision 
depth was more significant than the follicle level or the deepest level affected by the tumour in the biopsy specimens. After the skin lesions 
were removed, a pathological examination of  the specimens was conducted to ensure clear margins to prevent tumour recurrence and 
metastases.
Results: A total of  166 good-quality tissue sections were selected from 36 patients. The tumour surfaces and deep margins were within 
the scope of  resection. Six patients (6/36, 15.4%) experienced local recurrence 2–12 months postoperatively. One patient (1/36, 2.8%) had 
lymph node metastasis without local recurrence 36 months postoperatively and died 50 months postoperatively (1/36, 2.8%).
Limitations: This study is limited by the small patient population, especially the number of  patients with mucous membrane involvement. 
Conclusion: Using photodynamic diagnosis plus reflectance confocal microscopy to detect the margins of  extramammary Paget disease 
lesions non-invasively reduces the postoperative tumour recurrence rate and is a valuable guide for tumour treatment.
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Introduction
Extramammary Paget disease (EMPD) is a rare type of 
malignant skin tumour. Although Mohs surgery can identify 
the tumour resection edges and preserve normal tissues, it 
is time-consuming, expensive, and requires the collaboration 
of specially-trained dermatologists and pathologists.1–3 Local 
expanded surgical resection remains the preferred treatment 
for patients with EMPD.4 However, the margins of EMPD 
and the depth of the tumour cell invasion are difficult to 
delineate in the clinic, leading to a 20–60% recurrence 
rate.5 This study investigates the impact of non-invasive 
tumour margin detection via photodynamic diagnosis plus 
reflectance confocal microscopy on the surgical outcomes of 
patients with EMPD.

Methods
A total of 36 patients who were histopathologically diagnosed 
with primary EMPD between January 2017 and June 2018 
were included in this study. Patients with secondary EMPD, 
those in whom surgery was contraindicated, and those 
who refused surgery were excluded from the study. The 
appropriate ethics committee approved this study. Informed 

consent was obtained from all patients. This study was 
conducted according to the principles of the Declaration of 
Helsinki.

Photodynamic diagnosis and reflective confocal microscopy 
(Vivascope 1500, wavelength 830nm. Lucid Inc., Rochester, 
NY, USA) was used preoperatively to locate the lesion 
margins in all patients [Figures 1 and 2].6 The surgical 
resection line was marked by expanding 0.5–2.0 cm outward 
from the outermost, non-invasive detection marker line. The 
incision depth was greater than the level of the hair follicles 
or the deepest level affected by the tumour in the biopsy 
specimens. The surgeon determined the specific extension 
distance and resection depth.

The lymph node position was probed and marked using 
B-mode ultrasound in patients undergoing sentinel lymph 
node biopsy. Nano carbon was injected 30 min preoperatively 
at the edge of the skin lesion.7,8 Under local, intravertebral, or 
general anaesthesia, the skin was cut at the regional lymph 
nodes, and the subcutaneous tissue was separated to detect 
the lymph nodes that were stained black. All stained lymph 
nodes were resected.

Plain Language Summary
Extramammary Paget disease (EMPD) is a rare type of malignant skin tumour. Local expanded surgical resection remains the 
preferred treatment for patients with EMPD. However, the margins of EMPD and the depth of the tumour cell invasion are 
difficult to delineate in the clinic, leading to a recurrence rate of 20–60%. This study investigates the impact of non-invasive 
tumour margin detection via photodynamic diagnosis plus reflectance confocal microscopy on the surgical outcomes of patients 
with EMPD. The results showed that using photodynamic diagnosis plus reflectance confocal microscopy to detect the margins 
of EMPD lesions non-invasively could reduce the postoperative tumour recurrence rate and is a valuable guide for tumour 
treatment.

Figure 1: Lesion of EMPD showing infiltrative erythema on the pubic 
mound, the penis, and the scrotum.

Figure 2: Photodynamic diagnosis under Wood’s light with brick red 
fluorescence observed on the pubic mound, penile, and upper scrotum
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The epidermis was cut, using a scalpel, along the marker 
lines of the photodynamic diagnosis plus reflectance confocal 
microscopy, the photodynamic fluorescence diagnosis, 
and the clinical macroscopic skin lesion mark, which 
was considered as a marker during the histopathological 
examination [Figure 3]. A new scalpel was used each time a 
new epidermal marker line was excised. The skin lesion was 
resected along the surgical excision marker line [Figure 4]. A 

skin flap or graft was used to repair the wound [Figure 5]. The 
edges of each resected specimen were cut in one or two places 
according to different anatomical positions. If the skin lesion 
was located at the same anatomical site, four specimens were 
cut in the direction of 12, 3, 6, and 9 o’clock positions. The 
specimen was cut from the visible skin lesion to the surgical 
resection margin, including three marker lines visible to 
the naked eye and examined by photodynamic diagnosis 

Figure 3: After the lymph nodes of the left groin were resected, the 
surgical resection line was marked by expanding 0.6–0.7 cm outward from 
the marker line of the photodynamic diagnosis plus reflectance confocal 
microscopy. The epidermis was cut using a scalpel along the marker lines of 
the photodynamic diagnosis, reflectance confocal microscopy, and surgical 
resection. Coloured arrows: Yellow- photodynamic diagnosis plus reflectance 
confocal microscopy diagnostic line; Black- surgical resection line.

Figure 4: After the surgical excision

Figure 5: A skin flap was used to repair the wound. Figure 6: One year later, no obvious abnormalities were seen in the surgical 
area.
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and photodynamic diagnosis plus reflectance confocal 
microscopy, respectively. The width of the specimens was 
approximately 0.5 cm, and the specific resection site was 
recorded. A 1 × 0.5–1 cm section containing the full thickness 
of the specimen was removed from the thickest region at the 
centre of each specimen to verify the resection of the base of 
the tumour.

The positive rate of tumour cells at the edges or base of each 
specimen was determined. The distances between the tumour 
margin and the observed marker lines (determined using 
the naked eye, photodynamic diagnosis, and photodynamic 
diagnosis plus reflectance confocal microscopy) were noted. 
The distances between the tumour margin and the resection 
margin and between the base of the tumour and the deep 
resection margin were also noted. 

Each patient was followed up for at least 1 year postoperatively 
[Figure 6]. Follow-up was conducted monthly for the first 3 
months postoperatively, then every 2 months up to 1 year. 
After that, follow-up was performed every 3 months.

Statistical analysis
Categorical data are expressed as numbers and percentages, 
and continuous data are described as mean, standard 
deviation, and median.

Results
A total of 32 men and 4 women (age range, 50–82 years) 
were included in the study. One patient had axillary lesions, 
31 had genital lesions, and all 4 women had vulvar lesions. 
The disease course ranged from 4 months to 20 years. The 
area of the macroscopic skin lesions ranged from 0.5 cm × 
1.0 cm to 11.4 cm × 15.7 cm. Preoperative histopathologi-
cal examinations revealed that the tumour cells were limited 
to the epidermis and involved hair follicles, sweat glands, 
and other appendages in 23 patients. No obvious metastatic 
lesions were observed on computed tomography or B-mode 
ultrasound. The photodynamic diagnosis plus reflectance 
confocal microscopy lines overlapped with the naked eye or 
photodynamic lines or were the outermost lines in all patients. 
A total of 166 good-quality tissue sections were selected from 
36 patients. The tumour surface status was observed in 130 
specimens, and the deep tumour status was observed in 36 
specimens.

Postoperative pathological examination
A total of 83 sections were outside the macroscopic line 
(false-negative rate, 63.8% [83/130]; mean distance outside 
the line, 3.5 ± 3.1 mm; median distance, 2.7 mm; and range, 
0–14.6 mm). The remaining 47 sections were located within 
the macroscopic line. The histopathologic tumour margins of 
27 sections were located outside the photodynamic diagnosis 
plus reflectance confocal microscopy lines (false-negative 
rate, 20.8% [27/130]; mean distance outside the line, 1.4 ± 
1.2 mm; median distance, 0.9 mm; and range, 0.1–5.3 mm). 

The outer margin of the tumour was located within the 
cutting edge in 130 specimens. The mean distance from the 
outer margin of the tumour to the cutting edge was 8.9 ± 5.4 
mm; the median distance was 7.7 mm, and the range was 
0.3–30.2 mm. The base of the tumour was located within 
the deep resection edge in all 36 sections in which the base 
of the tumour was observed, including 14 obtained from 
the scrotum, 12 from the pubic mound, 4 from the penis, 2 
from the labia majora, 1 from the lower abdomen, 1 from 
the vaginal orifice, 1 from the armpit, and 1 from the groin. 
The mean distance from the base of the tumour to the deep 
resection edge was 5.9 ± 2.6 mm; median distance, 5.9 mm; 
and range, 1.5–10.3 mm. The mean tumour thickness was 
1.9 ± 2.1mm; median, 1.2 mm; and range, 0.1–6.5 mm. The 
mean thickness of the resected specimens was 7.8 ± 2.8 mm; 
median, 7.6 mm; and range, 2.2–14.4 mm.

The regional lymph nodes were swollen on B-mode ultrasound 
in all 36 patients. The lymph nodes ranged from 11.1 × 9.9 × 
5.8 mm to 29.2 × 21.9 × 9.4 mm and were oval. The cortical 
and medullar structures were clear, with an aspect ratio > 1 
and a blood flow resistance index < 0.7. Seventeen patients 
were selected to undergo sentinel lymph node biopsy in the 
groin, and 19 lymph nodes were excised. No tumour cells 
were detected in the pathology specimens.

Six patients had local tumour recurrence within 2–12 months 
postoperatively, including 4 males with original lesions at 
the scrotum and recurrent lesions at the incision margin. Two 
patients had initial and recurrent lesions at the vaginal orifice 
and labia minora. The scrotum was involved in 26 primary 
skin lesions and 4 recurrent lesions (15.4%). The labia 
minora involved 3 primary skin lesions and 1 recurrent lesion 
(33.3%). The vaginal orifice involved 1 primary skin lesion 
and 1 recurrent lesion (100%) [Table 1].

Discussion
An accurate and effective margin determination is essential 
in patients with extramammary Paget disease (EMPD) under-
going surgery, as unclear margins can lead to postoperative 
recurrence. The methods used in this study aimed to improve 
the surgical clearance of the tumour and reduce postoperative 
recurrence while achieving minimal trauma.

The photosensitiser in photodynamic fluorescence is 
absorbed by target cells and metabolised to porphyrin, which 
displays fluorescence under a specific wavelength of light. 
The fluorescence can identify a clear margin line between 
diseased and normal skin. Photodynamic fluorescence helps 
to determine the margins of EMPD lesions and is consid-
ered a breakthrough technique in diagnosing and treating 
tumours.9 Huang et al.10 identified a subclinical lesion of 
EMPD disease 3 cm from the dominant lesion using a com-
bination of photodynamic diagnosis and reflectance confocal 
microscopy.
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The Paget cells in EMPD present as atypical cells inside 
the epidermis with highly refractive, large-cell nuclei under 
reflectance confocal microscopy. Busam et al.11 reported 
that confocal scanning laser microscopy can help surgeons 
identify the margins of skin lesions, assess the surgical scope, 
and guide surgical resection. Tannous et al.12 emphasised that 
Mohs surgery relies on confocal scanning laser microscopy to 
guide skin tumour excision, maximise normal tissue sparing, 
and increase the cure rate. However, due to the structures 
of the reflectance confocal microscopy instruments and the 
small visual fields, it is challenging to examine large areas 
of uneven skin, such as that on the scrotum. Therefore, the 
detection procedure was simplified in this study by labelling 
the tumour margin to be visible to the naked eye and then 
performing the photodynamic fluorescence diagnosis in the 
area 5 cm from the macroscopic line. Therefore, reflectance 
confocal microscopy was used to detect the tumour margin 
along the photodynamic diagnostic marker line. This method 
may simplify the reflectance confocal microscopy detection 
process and requires less time than the traditional method.

Sufficient resection widths and depths are necessary during 
the removal of the tumour body, beneficial for clearing the 
body surface of tumours and invading deep damage such 
as glands, hair follicles, and other appendages. However, 
excessive expansion of the resection area can lead to the loss 
of a large amount of normal tissue, causing relatively severe 
surgical trauma, resulting in scars and functional limitations. 
Histopathological examinations are the gold standard for 
assessing the specimen edges. In this study, 130 tumour 
margin sections from 36 patients were postoperatively 
observed, and all tumour margins were determined to be 
within the resected area. Among 36 sections used to observe 
the deep tumour resection status, the tumour margins were 

all within the resection area. Among the 130 sections used 
to observe the tumour surface margin, 47 sections (36.2%) 
were within the marker line from direct observation, and 
83 sections (63.8%) were outside this line. The furthest 
distance away from the marker line was 14.6 mm. Among 
these 83 sections, 46 (35.4%) had tumour margins outside the 
photodynamic diagnosis line (maximum distance, 5.9 mm). 
A total of 27 sections (20.8%) had tumour margins outside 
of the photodynamic diagnosis plus reflectance confocal 
microscopy lines (maximum distance, 5.3 mm). These results 
indicate that naked-eye observation, photodynamic diagnosis, 
and reflectance confocal microscopy do not accurately reflect 
actual tumour margins. Excisions made based on these 
marker lines may lead to inadequacies in surgical treatment. 
Therefore, the scope of resection should be extended by at 
least 6 mm from the outermost photodynamic diagnosis 
plus the reflectance confocal microscopy marker line. The 
resection depth should be greater than the level of the hair 
follicles or the deepest level affected by the tumour specimen.

The recurrence rate of EMPD is affected by subclinical 
lesions, multifocal incidence, and the depth of invasion.13 
This study used photodynamic diagnosis plus reflectance 
confocal microscopy within a 5-cm margin around the 
tumour observed by the naked eye. This approach improved 
the probability of discovering subclinical lesions in a more 
extensive range and increased the surgical clearance rate. 
Six patients (6/36, 16.7%) experienced postoperative local 
recurrence within 12 months of surgery, including two 
recurrent lesions within 2 months. Therefore, the frequency 
of follow-up visits should be increased to identify residual 
lesions. Overall, recurrent lesions were detected in 15.4% 
of patients with scrotum lesions, 33.3% of patients with 
labia minora lesions, and 100% of patients with vaginal 
orifice lesions, indicating that recurrence rates are higher in 
regions with mucosal membranes. The presence of wrinkles 
and extensibility at the scrotal area, mucosal surfaces at the 
labia minora and vaginal orifice, atypical photodynamic 
fluorescence,10 difficulties in detection due to the mechanical 
arm of the desktop reflectance confocal microscope leading 
to incomplete detection, the lack of Mohs surgery in this 
study, or the lack of complete pathological examinations at 
the margins and base of the resected areas in this study may 
account for these findings.

O’Connor et al. treated 95 patients with surgery. At mean 
follow-up (wide excision, 65 months; Mohs surgery, 
24 months), the disease had recurred in 18 of 83 (22%) patients 
who underwent standard wide excision, compared with the 
recurrence in 1 of 12 (8%) who had the Mohs micrographic 
excision.14 The recurrence rate in our study (6/36, 16.7%) was 
lower than that in the wide excision group and higher than 
that in the Mohs surgery group of the previously mentioned 
study. However, neither was statistically significant, probably 
related to the small sample size.

Table 1: Distribution of tumour-involved sites and postoperative 
recurrence sites

Site Number of 
tumours 

involved (cases)

Number of 
recurrences 

(cases)

Recurrence 
rate (%)

Scrotum 26 4 15.4 
Penis 25 0 0.0 
Pubic mound 25 0 0.0 
Lower abdomen 7 0 0.0 
Groin 6 0 0.0 
Labia majora 4 0 0.0 
Labia minora 3 1 33.3 
Perineum 3 0 0.0 
Vaginal orifice 1 1 100.0 
Armpit 1 0 0.0 
Six patients had local tumour recurrence within 2–12 months postoperatively, 
including four males with original lesions at the scrotum who had recurrent 
lesions at the incision margin. Two patients had initial and recurrent lesions at 
the vaginal orifice and labia minora. The scrotum was involved in 26 primary 
skin lesions and four recurrent lesions (15.4%). The labia minora involved 
three primary skin lesions and one recurrent lesion (33.3%). The vaginal 
orifice was engaged in one primary skin lesion and one recurrent lesion 
(100%)
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A total of 19 sentinel lymph nodes were biopsied in 
17  patients, and no tumour cells were observed within the 
nodes, indicating that the lymph node metastasis was low. 
However, one male patient experienced left inguinal lymph 
node swelling 31 months postoperatively. At 36 months 
postoperatively, the lymph node had an abnormal shape and 
structure, and imaging findings suggested metastasis. The 
patient died 50 months postoperatively. Therefore, regional 
lymph nodes must be carefully monitored in these patients.

Limitations
This study was limited by the small patient population, 
especially the number of patients with lesions of mucosal 
membranes. 

Conclusion
In conclusion, this study determined the effects of non-
invasive methods to detect the margins of EMPD lesions. 
These methods are feasible and time-efficient. The tumour 
clearance rate and postoperative recurrence rate were 
acceptable. Therefore, these methods can be used in the 
surgical treatment of EMPD.
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