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Suzhou, China
Objective: To investigate the diagnostic value of dermoscopy in defining the

tumor margin of cutaneous squamous cell carcinoma (cSCC) for the appropriate

surgical margin.

Methods: A total of 90 cSCC patients were enrolled in the study. All patients were

recruited into two groups: those who preserved intact macroscopic features of

neoplasms without or after incisional biopsy and those with uncertain residual

tumors after excisional biopsy. A dermoscopy-defined surgical margin of 8mm

outward was used according to the tumor boundaries observed with the naked

eye and dermoscopy. All excised tumor specimens were divided into serial

sections according to the four “3, 6, 9, 12” directions at every 4-mm interval

from the dermoscopy-detected tumor margin. Pathological examination was

performed at 0 mm, 4 mm, and 8 mm margins to confirm tumor remnants.

Results: Retrospective analysis of dermatoscopic results showed inconsistent

clinical and dermatoscopic borders in 43 of 90 cases (47.8%). The ability of

dermoscopy to detect tumor borders showed no statistical difference between

the two groups (p > 0.05). In the unbiopsy or incisional biopsy group, 66.6% of

the tumors were resected with a 4-mmmargin and 98.3% with an 8-mmmargin,

with significant differences (p = 0.047). For patients with inconspicuous clinical

evidence of residual tumor after excisional biopsy, the tumor clearance rate was

53.3% at 0 mm, 93.3% at 4 mm, and 100.0% at 8 mm. Statistically significant

differences were noted between 0mm and 4 mm (p = 0.017), as well as between

0 mm and 8 mm (p = 0.043) but did not differ between 4 mm and 8 mm

(p > 0.05).
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Conclusions: Dermoscopy defined the tumor margin of cSCC better than visual

inspection alone. Direct dermoscopic-guided surgery with at least 8-mm

expansion was recommended for high-risk cSCC. Dermoscopy also assisted in

identifying surgical margins at the healing biopsy site, making 8 mm still the

recommended expansion range.
KEYWORDS

cutaneous squamous cell carcinoma, dermoscopy, incisional biopsy, excisional biopsy,
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Introduction
Cutaneous squamous cell carcinoma (cSCC) is the second most

common non-melanoma skin cancer (NMSC), with a rising

incidence in recent decades (1). Sun exposure, age, fair skin, and

immunosuppression are the most significant risk factors associated

with cSCC development. The appearance of lesions in cSCC is not

easily distinguished from other NMSCs, and biopsy helps confirm

the diagnosis and histopathological subtype. In cases of inadequate

micro-staging indicated during incisional biopsy, excisional biopsy

may be considered (2).

Although most cSCC patients can be cured with local treatment,

some high-risk cases present more aggressively with poor

prognoses. Complete tumor excision and clear histological

margins are critical to treatment. The European Organization for

Research and Treatment of Cancer (EDF-EADO-EORTC)

guidelines stated a minimal standardized margin of 5 mm for

low-risk cSCC (lrSCC) and 6-10 mm for high-risk cSCC (hrSCC)

(3, 4). The National Comprehensive Cancer Network (NCCN)

Guidelines recommend a 4-6mm resection margin for lrSCC (2).

Due to wide variability in clinical characteristics, it is considered

infeasible to recommend the defined margin for hrSCC (2). For

increased safety, Schell (5) indicated that 13.25 mm margins were

required to achieve a 95% clearance rate in hrSCC, which is

unreasonable in most patients. A wide local excision (WLE) will

lead to poor aesthetics or impaired function of facial features since

hrSCC commonly originates in the head and neck. And patients

may present unascertainable residual tumors after excisional

biopsy, requiring further surgical management without such

extensive margins. Mohs micrographic surgery (MMS) is

considered the most effective treatment (6, 7). Pathological

examination of the specimen intraoperatively ensures a clean

surgical edge and maximum preservation of normal tissue.

However, the widespread use of MMS is limited given its time

consumption, high labor costs, equipment requirements, and the

need for cooperation from dermatologists (8).

In recent years, dermoscopy has been recommended as a user-

friendly, relatively inexpensive, non-invasive technique that

provides a basis for diagnosis by observing epidermal structures,

pigments, blood vessels, and skin appendages (9, 10). The

dermoscopic features of cSCC are described as polymorphic
02
vascular patterns with scales or keratinous crusts in the central

area. Recent studies have confirmed that presurgical dermoscopic

analysis is more valuable than clinical observation in determining

tumor margins (11, 12). The goals of our study are to ascertain the

significance of dermoscopy in evaluating surgical margins for both

cSCC and the unascertainable residual tumors after excisional

biopsy. Additionally, we attempted to ascertain the margin

distance for dermoscopy-guided surgery as a secondary goal.
Materials and methods

Patients

This study was approved by the Ethics Committee of the First

Affiliated Hospital with Nanjing Medical University, and each

patient signed the informed consent form. A total of 90 patients

with cSCC who visited the Department of Dermatology, the First

Affiliated Hospital with Nanjing Medical University, from May

2016 to March 2022 were recruited as research objects. The

location, size and grade of differentiation of cSCC were classified

according to the criteria outlined in the NCCN Guidelines (2).
Inclusion criteria and exclusion criteria

Patients with cSCC were recruited into two groups: those with

intact tumor morphology without biopsy or after incisional biopsy,

and those with inconspicuous clinical evidence of residual tumor

after complete incisional biopsy. We excluded patients with other

skin lesions that interfered with diagnosis.
Surgical tissue processing

Visual examination and palpation preliminarily determined the

tumor margin. Four of the “3, 6, 9, 12” directions and the naked-eye

boundaries were marked with dotted lines using a demographic

pencil (Tondaus, T3023, Germany). Then, the margins were

corrected with digital dermatoscopy (Dermlite dl3, 3Gen, USA)

and recorded with solid lines. A digital camera (G16, Canon, Japan)

took clinical and dermoscopic images. All the lesions were surgically
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excised along the superficial cut extending 8mm outwards from the

dermoscopy-marker margin. Superficial tumors and tumors with

smaller diameters were resected to the deep layer of subcutaneous

fat. Larger and deeper tumors were excised to the surface of muscle,

cartilage, or periosteum. The tumor was resected completely along

the preoperatively determined cutting edge, and a skin graft or flap

was used to cover the skin defect to promote primary healing.

Postoperatively, the laterally enlarged margin was selected from the

four “3, 6, 9, 12” directions and submitted to a uniform method of

histological examination with serial-parallel sections at 4-mm

intervals (Figure 1).
Follow-up

All patients were followed up regularly, every three months for

the first year after surgery, every six months for the second year, and

annually after the third year.
Statistical analysis

Categorical data were described by absolute and relative

frequency (%), while continuous data by mean and standard

deviation. Age, sex, location, and recurrence were analyzed using

chi-square to confirm associations between groups. Pathological

findings were compared among patients with different excision

margins. Kendall’s test was conducted for multiple group

comparisons with a Bonferroni statistic for post-hoc analysis. A p-

value of less than 0.05 indicated statistical significance in

all analyses.
Frontiers in Oncology 03
Results

Patient characteristics

The study involved 90 patients with histologically confirmed

cSCC, 51 (56.7%) of whom were male and 40 (44.4%) female

(Table 1). The age range of the patients was 52 to 93; the average

age of the sample was 74.0 years. The most common region was in

the H area (52.2%) and 86 (95.6%) patients were diagnosed as well

differentiated. All patients were classified as high-risk or very-high-

risk cSCC according to the latest NCCN Guidelines. Out of the total

patients, 5 patients (5.6%) with recurrence and 1 patient (1.1%) with

metastasis. There was no notable discrepancy in the recurrence or

metastasis rate between the two patient groups, and no correlation

was found between the prognosis and demographic characteristics

or clinical manifestations.
Characters of the dermoscopic
manifestations

Table 2 summarizes the total number and frequency of

dermoscopic patterns. Among the classic dermoscopic patterns of

cSCC, the scale exhibited the highest frequency at 65.6%, followed

by polymorphic vascular patterns at 61.1%, with glomerular vessels

being the most prevalent (Figure 2). Shiny white blotches and

strands (p < 0.01) and the absence of central keratin mass (p <

0.05) were significantly more common after excisional biopsy

(Figure 3). In univariate analysis, it was found that no

dermoscopic features were able to predict recurrence, metastasis,

or positive histological margins.
Dermoscopy-guided surgical
excision margin

Retrospective analysis of dermatoscopic images showed

inconsistent clinical and dermatoscopic borders in 43 of 90 cases

(47.8%). The preoperative dermoscopic observation allowed for a

more microscopic correction of margins, with 38.9% having wider

and 8.9% narrower dermoscopic borders compared to visual

margins (Table 3). Dermoscopy is superior to visual inspection

for defining the cSCC margin (Figure 4). The ability of dermoscopy

to detect tumor borders did not differ between the two groups

(p > 0.05).
Dermoscopy-guided surgical
excision range

Tissues were taken from the four quadrants “3, 6, 9, and 12” for

H&E staining to check whether there were residual tumor cells

(Table 4). The complete resection rate increased with increasing

peripheral surgical margins, and the differences between the

expansion cuts at 0 mm, 4 mm, and 8 mm were highly significant
FIGURE 1

The dashed and solid lines mark the tumor boundary as determined
by the naked eye and by dermatoscopic examination, with the
dermatoscopic boundary 8 mm outwards for the surgical margin. All
excised tumor specimens were divided into serial sections
according to the four “3, 6, 9, 12” directions at every 4-mm interval
from the dermoscopy-detected tumor margin. Pathological
examination was performed at 0 mm, 4 mm, and 8 mm margins to
confirm tumor remnants.
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TABLE 1 Demographics and tumor characteristics.

Total
(n = 90)

Unbiopsy or incisional
biopsy (n = 60)

Excisional biopsy
(n = 30) P

Age, years (mean [SD]) 74.0 (10.6) 75.5 (10.6) 71.2 (10.2) 0.197

Male (%) 51 (56.7) 38 (63.3) 13 (43.3) 0.071

Location* (%) 0.113

Area H 47 (52.2) 36 (60.0) 11 (36.7)

Area M 34 (37.8) 19 (31.7) 15 (50.0)

Area L 9 (10.0) 5 (8.3) 4 (13.3)

Grade of differentiation (%) 0.508

Well differentiated 86 (95.6) 58 (96.7) 28 (93.3)

Moderately differentiated 3 (3.3) 2 (3.3) 1 (3.3)

Poorly differentiated 1 (1.1) 0 (0.0) 1 (3.3)

Recurrence (%) 5 (5.6) 5 (8.3) 0 (0.0) 0.165

Metastasis (%) 1 (1.1) 1 (1.7) 0 (0.0) 1.000
F
rontiers in Oncology
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* Location: According to the risk of different skin lesions in the NCCN Guidelines they are classified into three areas. Area H consists of the face (middle face, eyelids, eyebrows, periorbital, nose,
lips [cutaneous and vermilion], mandible, palate, temples, ears, skin/grooves in front of and behind the ears), genitals, hands, and feet. Area M includes the cheeks, forehead, scalp, neck, and shin
front. Area L includes the body and limbs (except foreskin, hands, feet, nails, and ankles)2.
SD, standard deviation.
TABLE 2 Frequency of the dermoscopic manifestations.

Total
(n = 90)

Unbiopsy or incisional
biopsy (n = 60)

Excisional biopsy
(n = 30) P

Vascular pattern

None 2 (2.2%) 1 (2.0%) 1 (3.3%) 1.000

Monomorphous 24 (26.7%) 11 (22.0%) 13 (43.3%) 0.076

Polymorphous 55 (61.1%) 38 (76.0%) 17 (56.7%) 0.085

Vessel morphology

Dotted/Pinpoint 11 (12.2%) 9 (18.0%) 2 (6.7%) 0.195

Glomerular 55 (61.1%) 38 (76.0%) 17 (56.7%) 0.085

Hairpin 40 (44.4%) 26 (52.0%) 14 (46.7%) 0.818

Linear-irregular 34 (37.8%) 15 (30.0%) 19 (63.3%) 0.005

Blood spots 46 (51.1%) 35 (70.0%) 11 (36.7%) 0.005

Ulcerations 21 (23.3%) 15 (30.0%) 6 (20.0%) 0.433

Scales 59 (65.6%) 40 (80.0%) 19 (63.3%) 0.121

Central keratin mass 26 (28.9%) 23 (46.0%) 3 (10.0%) <0.005

Targetoid hair follicles 39 (43.3%) 23 (46.0%) 16 (53.3%) 0.645

Rosettes 21 (23.3%) 12 (24.0%) 9 (30.0%) 0.605

Keratin pearls 39 (43.3%) 23 (46.0%) 16 (53.3%) 0.645

White halos 26 (28.9%) 20 (40.0%) 6 (20.0%) 0.086

White structureless areas 48 (53.3%) 29 (58.0%) 19 (63.3%) 0.814

Shiny white blotches and strands 26 (28.9%) 2 (3.3%) 24 (80.0%) <0.001

Background erythema 35 (38.9%) 19 (38.0%) 16 (53.3%) 0.245

Red pseudonetwork 32 (35.6%) 18 (36.0%) 14 (46.7%) 0.358
p<0.05 was considered statistically significant.
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in both groups of patients (p < 0.001). In the unbiopsy or incisional

biopsy group, 61.6% of the tumors were resected at 0 mm and 66.6%

at 4 mm, showing no statistical difference between them (p = 0.881).

There was only one unilateral positive at 8mm dilation, and

statistically different from the 0 mm and 4 mm groups (p = 0.002

and p = 0.047). For patients with inconspicuous clinical evidence of

residual tumor after excisional biopsy, the tumor clearance rate was

53.3% at 0 mm, 93.3% at 4 mm, and 100.0% at 8 mm. Statistically

significant differences were noted between 0 mm and 4 mm (p =

0.017), as well as between 0 mm and 8 mm (p = 0.043), but did not

differ between 4 mm and 8 mm (p > 0.05).
Discussion

The prevalence of cSCC is increasing yearly and may be higher

due to an aging population. Although most patients can be cured

with local treatment, hrSCC has a tendency toward recurrence, local
Frontiers in Oncology 05
invasion, and distant metastasis (13). In clinical investigations, the

prognosis is better when tumors are completely removed with a

healthy margin of tissue. However, various guidelines for

appropriate resection margins are controversial. Dermoscopy has

been widely used as a non-invasive and convenient means of

examination, providing more precise observation (9). There were

few studies investigating the application of dermoscopy in the

preoperative assessment of surgical margins in cSCC. A total of

90 patients who met the inclusion criteria were recruited into two

groups. Our study suggests that the introduction of dermoscopy

might have aided in the diagnosis of cSCC, even with uncertain

residual tumors after excisional biopsy. In addition, it might have

helped determine the optimal surgical margin.

There is mounting evidence suggesting that dermoscopy

facilitates early detection of skin cancer in comparison to the

naked eye (14, 15). Dermoscopy allows us to noninvasively

predict the tumor’s histopathological nature, including the degree

of differentiation (10, 16). Patients recruited for this study were
FIGURE 2

Dermatoscopic image of hrSCC without biopsy. (A) Targetoid-appearing hair follicle openings (white arrow) can be seen around the amorphous
central keratotic area (white asterisk). (B) A red predominant color, yellow-white scale (black asterisk), dotted/glomerular vessels (black arrow) and
blood spots (yellow arrow) are seen.
FIGURE 3

The dermatoscopic appearance of hrSCC after complete incisional biopsy. (A) Glomerular vessels (black arrow) coalescing with shiny white strands
(yellow arrow) are seen. (B) A predominantly white color intertwined with a branch-like linear vessel (white arrow).
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mostly well- or moderately differentiated cSCC, with scales being

the most common, followed by polymorphic vessel patterns and

commonly revealing glomerular vessels. It also frequently exhibits

blood spots, whitish structureless areas, perivascular whitish halos,

keratin pearls, central keratin mass, and targetoid hair follicles,

findings that are consistent with previous evidence (17, 18). Whole

excisional biopsies resulted in a reduced presentation of central

keratin plugs, coalescing with shiny white blotches and strands.

These are thought to correspond to fibrosis of the underlying

stroma. The lesions can appear on a predominantly red

background surrounded by linear vessels, corresponding to the

dermoscopic pattern of cSCC, and may also be confused with

surgical inflammation. In addition, it is possible to mistake white

structureless areas associated with large targetoid hair follicles for

scar-like areas, appearing as porcelain-white areas without

recognizable structures (10, 19). In univariate analysis, it was

found that no dermoscopic features were able to predict

recurrence, metastasis, or positive histological margins.

The growing use of dermoscopy in diagnosing and determining

non-melanotic skin cancers has recently gained recognition. Besides

helping with the diagnosis and preoperative determination of tumor

boundaries (20, 21). Carducci (12) found that the margin positivity

rate of cSCC was significantly higher in the clinical detection group

(17%) than in the dermoscopic group (6%). Our study has revealed

comparable results where the dermoscopic examination prior to

surgery facilitated a more precise correction of tumor borders at a
Frontiers in Oncology 06
microscopic level. Among the two groups, 43.3% and 30.0%

demonstrated wider dermoscopic borders compared to those

identified visually. Comparatively, narrower margins were noted

in only 8.3% and 10.0% of both groups. Although not a predictive

factor, dermoscopy can effectively uncover subclinical tumor

outgrowths by recognizing pertinent characteristics in healthy

skin margins. It is more accurate at defining the boundary of

cSCC than visual inspection alone. Furthermore, there is no

difference in the capacity of dermoscopy to detect the tumor

border between the two groups.

As previously described, hrSCC tends to local recurrence or

metastasis, making an adequate safe margin of expansion essential

(22, 23). However, various guidelines exist for establishing

appropriate excisional margins. The latest NCCN Guidelines

recommend a 4-6mm resection margin for lrSCC. It is considered

infeasible to recommend the defined margin for hrSCC due to the

wide variability of clinical characteristics. While the EDF-EADO-

EORTC guidelines stated a minimal standardized margin of 5 mm

for lrSCC and 6-10 mm for hrSCC (3, 4). It has also been suggested

that histologic margins at or above 5 mm may increase survival in

patients receiving WLE for advanced cSCC of the head and neck

(24). The British Association of Dermatology recommends a 6-mm

excision margin for hrSCC to achieve an oncologic clearance rate of

95% (8). For increased safety, Schell (5) found that 13.25 mm

margins were required to achieve a 95% clearance rate in hrSCC,

which is unreasonable for most patients. High-risk tumors often
TABLE 3 Consistency of clinical and dermoscopic detection margin.

Total
(n = 90)

Unbiopsy or incisional biopsy
(n = 60)

Excisional biopsy
(n = 30)

Consistency 47 (52.2%) 29 (48.3%) 18 (60.0%)

Inconsistency 43 (47.8%) 31 (51.7%) 12 (40.0%)

Wider§ 35 (38.9%) 26 (43.3%) 9 (30.0%)

Narrower# 8 (8.9%) 5 (8.3%) 3 (10%)
§Wider: The dermoscopic boundary is wider in extent compared to the boundary visible to naked eyes.
#Narrower: The dermoscopic boundary is narrower in extent compared to the boundary visible to naked eyes.
FIGURE 4

Delineation of tumor boundaries by naked-eye (dashed line) and dermoscopy (solid line). (A) Wider dermoscopic edge. (B) Narrower
dermoscopic edge.
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originate in the head and neck, where there are limited anatomic

functions and high cosmetic standards, leading to disagreement

over the appropriate surgical margin width. Mohs micrographic

surgery (MMS) is widely regarded as the most effective treatment

option. This method involves examining the specimen during

surgery to ensure complete removal of the tumor while

preserving normal tissue (6, 7). However, promoting MMS is

challenging due to its time-consuming nature, high labor costs,

equipment requirements, and the need for cooperation

from dermatologists.

All patients recruited in the study were classified as high-risk or

very-high-risk cSCC according to the NCCN Guidelines. Our

results showed that the complete resection rate increased with

increasing peripheral surgical margins, and the differences

between the expansion cuts at 0 mm, 4 mm, and 8 mm were

statistically significant in both groups of patients (p < 0.01). In the

unbiopsy or incisional biopsy group, 20 cases (33.3%) remained

unclear according to the dermoscopic boundary with a 4-mm

expansion. The extent of resection to 8 mm affected tumor

remnants, and the clearance rate grew to 98.3% and was

statistically different from the 0-mm and 4-mm groups (p = 0.002

and p = 0.047). Only one person had a residual tumor with no

recurrence after follow-up, probably due to artefacts in pathological

sections. Poor quality sections can lead to the ambiguous

observation of cell structure, or some artefacts may result in

misdiagnosis. Notably, a positive margin of 8 mm was also seen

at 4 mm in the same direction. This corresponds to a single focal,

continuous tumor growth pattern where excessive excision of

normal tissue is required to ensure complete removal. Hence

MMS may be the most suitable solution. Marrazzo (25) reported

outcomes in patients with hrSCC treated by MMS alone, finding

8.8% local recurrences or metastases, and 1.1% deaths. Our data

indicated that 6 patients (10%) ended up with postoperative

recurrences or metastasis, which is close to the rate of MMS. Five

were aged >80 years old, having tumors over 2 cm in diameter and

located around the ears or on the scalp. And another had leukemia

with a history of suppressive immunotherapy. All these conditions

can lead to deep tumor infiltration and a relatively high risk of

recurrence. Therefore, we recommend an 8-mm margin under

dermoscopic guidance, which removes 98.3% of the lesions and

achieves a comparable prognosis to MMS.
Frontiers in Oncology 07
Following an excisional biopsy, both tumors and some of the

surrounding normal tissues were removed, resulting in the typical

dermoscopic features were replaced by neovascularization, sutures,

and scars. The tumor clearance rate after the 4-mm expansion was

93.3%, with only two positive pathological returns and no statistical

difference between 8-mm expansion (100%). None of this group

experienced a recurrence following the surgery, and even half of the

re-excised patients showed no presence of tumor cells in the

postoperative pathology report. This could be attributed to the

fact that dermoscopy tends to confuse the tumor-like appearance

caused by inflammation and dermal scarring. Despite achieving a

satisfactory resection with a 4-mm dilation, the 100% tumor

clearance rate of 8 mm is clinically preferable from a patient-

benefit perspective. As reported by Gunson (26), tissue distortion

caused by shrinkage and scars makes identifying the true margins

unreliable. Tumor cells may metastasize between the original defect

and adjacent tissue. Therefore, if both functional and aesthetic

needs can be considered, we recommend an 8-mm expansion under

dermoscopy to ensure the most favorable prognosis.

Based on our observations, none of the poor prognosis patients

exhibited a positive resection margin at 8 mm, which may be related

to the following factors: firstly, histopathologic sectioning that

missed the target area with residuals due to sectioning limitations;

secondly, there may be tumor remnants in the deep margin.

Dermoscopic assessment of the lateral tumor border assessment is

an alternative and adequate method, but insufficient for tumor

depth. Our findings were similar to those of other studies, and deep

tumor remnant after excisional biopsy is also problematic (26).

After wound closure or reconstruction with transferred flap tissue,

deep margins may be buried and residual tumors could exist

anywhere at the base of the defect. Accordingly, postoperative

monitoring of tumor resection margins and reevaluation or

resection of suspected residual tumors are necessary.
Conclusion

Dermoscopy was proven effective in identifying surgical

margins with greater accuracy than visual inspection alone. Direct

dermoscopy-guided WLE with at least 8-mm expansion was

recommended for hrSCC. Dermoscopy also assisted in
TABLE 4 Dermoscopy-detected cSCC peripheral borders with 0-mm, 4-mm and 8-mm excision margins and their corresponding postoperative
margins of pathology.

(+) (++) (+++) (–) P

Unbiopsy or incisional Biopsy
(n = 60)

0mm 13 (21.7%) 8 (13.3%) 2 (3.3%) 37 (61.7%) p < 0.001

4mm 15 (25.0%) 5 (8.3%) 0 (0.0%) 40 (66.7%)

8mm 1 (1.7%) 0 (0.0%) 0 (0.0%) 59 (98.3%)

Excisional biopsy
(n = 30)

0mm 11 (36.7%) 3 (10.0%) 0 (0.0%) 16 (53.3%) p < 0.001

4mm 1 (3.3%) 1 (3.3.%) 0 (0.0%) 28 (93.3%)

8mm 0 (0.0%) 0 (0.0%) 0 (0.0%) 30 (100.0%)
(+) one of the four directions is pathologically positive; (++) two of the four directions are pathologically positive; (+++) three of the four directions are pathologically positive (–); no residual
tumor is detected on four sides.
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determining surgical margins at the healing biopsy site. A 4-mm

dermoscopy-detected excision margin can successfully resect 93.3%

of tumors, while an 8-mm excision margin can reach 100.0%,

making 8 mm still the recommended range of expansion.
Limitation

First, the follow-up period is insufficient to assess long-term

recurrence. Out of our patients, 24 (26.7%) were tracked for less

than three years but more than two years. No relapse occurred in

these cases, which necessitates that we pay more attention to

observing these patients during future follow-up. Second, the

results obtained in this study need to be validated in a large-

sample multicenter study. Third, the present study did not

evaluate the deep marginal positive rate, and dermoscopy may

miss deep-seated residual tumors.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

The studies involving human participants were reviewed and

approved by the Ethics Committee of the First Affiliated Hospital

with Nanjing Medical University (IRB-GL1-AF05; 2021-NT-32).

The patients/participants provided their written informed consent

to participate in this study. Written informed consent was obtained

from the individual(s) for the publication of any potentially

identifiable images or data included in this article.
Frontiers in Oncology 08
Author contributions

DW: conceptualization, funding acquisition, and resources. ZL,

SH, FL, XW, ML, HW, JJ, and YZ: investigation. ZL, SH, and FL:

formal analysis. ZL and SH: writing—original draft preparation. ZL

and SH: writing—review and editing. SH and DW: supervision. ZL

and DW: project administration. All authors contributed to the

article and approved the submitted version.
Funding

This study received financial support from the National Natural

Science Foundation of China (81000703 and 81472896), the Natural

Science Foundation of Jiangsu Province (BK2009437), and the Six

Talent Peaks of Jiangsu Province (2015-WSW-026).
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
References
1. Que SKT, Zwald FO, Schmults CD. Cutaneous squamous cell carcinoma:
incidence, risk factors, diagnosis, and staging. J Am Acad Dermatol (2018) 78
(2):237–47. doi: 10.1016/j.jaad.2017.08.059

2. Schmults CD, Blitzblau R, Aasi SZ, Alam M, Andersen JS, Baumann BC, et al.
NCCN Guidelines(R) insights: squamous cell skin cancer, version 1.2022. J Natl Compr
Canc Netw (2021) 19(12):1382–94. doi: 10.6004/jnccn.2021.0059

3. Stratigos A, Garbe C, Lebbe C, Malvehy J, del Marmol V, Pehamberger H, et al.
Diagnosis and treatment of invasive squamous cell carcinoma of the skin: European
consensus-based interdisciplinary guideline. Eur J Cancer (2015) 51(14):1989–2007.
doi: 10.1016/j.ejca.2015.06.110

4. Stratigos AJ, Garbe C, Dessinioti C, Lebbe C, Bataille V, Bastholt L, et al.
European Interdisciplinary guideline on invasive squamous cell carcinoma of the
skin: part 2. Treat Eur J Cancer (2020) 128:83–102. doi: 10.1016/j.ejca.2020.01.008

5. Schell AE, Russell MA, Park SS. Suggested excisional margins for cutaneous
malignant lesions based on mohs micrographic surgery. JAMA Facial Plast Surg (2013)
15(5):337–43. doi: 10.1001/jamafacial.2013.1011

6. Ferry AM, Sarrami SM, Hollier PC, Gerich CF, Thornton JF. Treatment of non-
melanoma skin cancers in the absence of mohs micrographic surgery. Plast Reconstr
Surg Glob Open (2020) 8(12):e3300. doi: 10.1097/GOX.0000000000003300

7. Soleymani T, Brodland DG, Arzeno J, Sharon DJ, Zitelli JA. Clinical outcomes of
high-risk cutaneous squamous cell carcinomas treated with mohs surgery alone: an
analysis of local recurrence, regional nodal metastases, progression-free survival, and
disease-specific death. J Am Acad Dermatol (2023) 88(1):109–17. doi: 10.1016/
j.jaad.2022.06.1169

8. Motley R, Kersey P, Lawrence CBritish Association of D, British Association of
Plastic S. Multiprofessional guidelines for the management of the patient with primary
cutaneous squamous cell carcinoma. Br J Plast Surg (2003) 56(2):85–91. doi: 10.1016/
s0007-1226(03)00028-6

9. Zalaudek I, Kreusch J, Giacomel J, Ferrara G, Catricala C, Argenziano G. How to
diagnose nonpigmented skin tumors: a review of vascular structures seen with
dermoscopy: part II. nonmelanocytic skin tumors. J Am Acad Dermatol (2010) 63
(3):377–86; quiz 87-8. doi: 10.1016/j.jaad.2009.11.697

10. Yelamos O, Braun RP, Liopyris K, Wolner ZJ, Kerl K, Gerami P, et al.
Dermoscopy and dermatopathology correlates of cutaneous neoplasms. J Am Acad
Dermatol (2019) 80(2):341–63. doi: 10.1016/j.jaad.2018.07.073

11. Paoli J. Predicting adequate surgical margins for cutaneous squamous cell
carcinoma with dermoscopy. Br J Dermatol (2015) 172(5):1186–7. doi: 10.1111/
bjd.13727

12. Carducci M, Bozzetti M, de Marco G, Foscolo AM, Betti R. Preoperative margin
detection by digital dermoscopy in the traditional surgical excision of cutaneous
squamous cell carcinomas. J Dermatolog Treat (2013) 24(3):221–6. doi: 10.3109/
09546634.2012.672711

13. Waldman A, Schmults C. Cutaneous squamous cell carcinoma. Hematol Oncol
Clin North Am (2019) 33(1):1–12. doi: 10.1016/j.hoc.2018.08.001
frontiersin.org

https://doi.org/10.1016/j.jaad.2017.08.059
https://doi.org/10.6004/jnccn.2021.0059
https://doi.org/10.1016/j.ejca.2015.06.110
https://doi.org/10.1016/j.ejca.2020.01.008
https://doi.org/10.1001/jamafacial.2013.1011
https://doi.org/10.1097/GOX.0000000000003300
https://doi.org/10.1016/j.jaad.2022.06.1169
https://doi.org/10.1016/j.jaad.2022.06.1169
https://doi.org/10.1016/s0007-1226(03)00028-6
https://doi.org/10.1016/s0007-1226(03)00028-6
https://doi.org/10.1016/j.jaad.2009.11.697
https://doi.org/10.1016/j.jaad.2018.07.073
https://doi.org/10.1111/bjd.13727
https://doi.org/10.1111/bjd.13727
https://doi.org/10.3109/09546634.2012.672711
https://doi.org/10.3109/09546634.2012.672711
https://doi.org/10.1016/j.hoc.2018.08.001
https://doi.org/10.3389/fonc.2023.1141820
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Liu et al. 10.3389/fonc.2023.1141820
14. Zalaudek I, Argenziano G. Dermoscopy of actinic keratosis, intraepidermal
carcinoma and squamous cell carcinoma. Curr Probl Dermatol (2015) 46:70–6.
doi: 10.1159/000366539

15. Zalaudek I, Giacomel J, Schmid K, Bondino S, Rosendahl C, Cavicchini S, et al.
Dermatoscopy of facial actinic keratosis, intraepidermal carcinoma, and invasive
squamous cell carcinoma: a progression model. J Am Acad Dermatol (2012) 66
(4):589–97. doi: 10.1016/j.jaad.2011.02.011

16. Lallas A, Pyne J, Kyrgidis A, Andreani S, Argenziano G, Cavaller A, et al. The
clinical and dermoscopic features of invasive cutaneous squamous cell carcinoma
depend on the histopathological grade of differentiation. Br J Dermatol (2015) 172
(5):1308–15. doi: 10.1111/bjd.13510

17. Pyne J, Sapkota D, Wong JC. Squamous cell carcinoma: variation in
dermatoscopic vascular features between well and non-well differentiated tumors.
Dermatol Pract Concept (2012) 2(4):204a05. doi: 10.5826/dpc.0204a05

18. Papageorgiou C, Lallas A, Manoli SM, Longo C, Lai M, Liopyris K, et al.
Evaluation of dermatoscopic criteria for early detection of squamous cell carcinoma
arising on an actinic keratosis. J Am Acad Dermatol (2022) 86(4):791–6. doi: 10.1016/
j.jaad.2021.03.111

19. Kittler H, Marghoob AA, Argenziano G, Carrera C, Curiel-Lewandrowski C,
Hofmann-Wellenhof R, et al. Standardization of terminology in dermoscopy/
dermatoscopy: results of the third consensus conference of the international society of
dermoscopy. J Am Acad Dermatol (2016) 74(6):1093–106. doi: 10.1016/j.jaad.2015.12.038
Frontiers in Oncology 09
20. Chen W, Liu ZR, Zhou Y, Liu MX, Wang XQ, Wang DG. The effect of
dermoscopy in assisting on defining surgical margins of basal cell carcinoma.
Dermatol Ther (2022) 35(10):e15711. doi: 10.1111/dth.15711

21. Litaiem N, Karray M, Jones M, Rammeh S, Zeglaoui F. Effectiveness of
dermoscopy in the demarcation of surgical margins in slow mohs surgery. Dermatol
Ther (2020) 33(6):e14196. doi: 10.1111/dth.14196

22. Skulsky SL, O'Sullivan B, McArdle O, Leader M, Roche M, Conlon PJ, et al.
Review of high-risk features of cutaneous squamous cell carcinoma and discrepancies
between the American joint committee on cancer and NCCN clinical practice
guidelines in oncology. Head Neck (2017) 39(3):578–94. doi: 10.1002/hed.24580

23. Farasat S, Yu SS, Neel VA, Nehal KS, Lardaro T, Mihm MC, et al. A new
American joint committee on cancer staging system for cutaneous squamous cell
carcinoma: creation and rationale for inclusion of tumor (T) characteristics. J Am Acad
Dermatol (2011) 64(6):1051–9. doi: 10.1016/j.jaad.2010.08.033

24. Phillips TJ, Harris BN, Moore MG, Farwell DG, Bewley AF. Pathological
margins and advanced cutaneous squamous cell carcinoma of the head and neck. J
Otolaryngol Head Neck Surg (2019) 48(1):55. doi: 10.1186/s40463-019-0374-3

25. Marrazzo G, Zitelli JA, Brodland D. Clinical outcomes in high-risk squamous
cell carcinoma patients treated with mohs micrographic surgery alone. J Am Acad
Dermatol (2019) 80(3):633–8. doi: 10.1016/j.jaad.2018.09.015

26. Gunson TH. Re-excision of deep tumor: width is as important as depth. J Am
Acad Dermatol (2017) 76(4):e125–e6. doi: 10.1016/j.jaad.2016.11.023
frontiersin.org

https://doi.org/10.1159/000366539
https://doi.org/10.1016/j.jaad.2011.02.011
https://doi.org/10.1111/bjd.13510
https://doi.org/10.5826/dpc.0204a05
https://doi.org/10.1016/j.jaad.2021.03.111
https://doi.org/10.1016/j.jaad.2021.03.111
https://doi.org/10.1016/j.jaad.2015.12.038
https://doi.org/10.1111/dth.15711
https://doi.org/10.1111/dth.14196
https://doi.org/10.1002/hed.24580
https://doi.org/10.1016/j.jaad.2010.08.033
https://doi.org/10.1186/s40463-019-0374-3
https://doi.org/10.1016/j.jaad.2018.09.015
https://doi.org/10.1016/j.jaad.2016.11.023
https://doi.org/10.3389/fonc.2023.1141820
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	The efficacy of dermoscopy in defining the surgical margins of cutaneous squamous cell carcinoma: a retrospective study
	Introduction
	Materials and methods
	Patients
	Inclusion criteria and exclusion criteria
	Surgical tissue processing
	Follow-up
	Statistical analysis

	Results
	Patient characteristics
	Characters of the dermoscopic manifestations
	Dermoscopy-guided surgical excision margin
	Dermoscopy-guided surgical excision range

	Discussion
	Conclusion
	Limitation
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


