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MMS is considered the gold standard for treating skin cancers at high risk of recurrence, particularly in functionally or cos-
metically sensitive areas, due to its high cure rates and precision in margin control, while preserving healthy tissue. However,
MMS has certain limitations, such as being a time-intensive procedure requiring the involvement of multiple professionals
(physicians and technicians). In this regard, presurgical evaluation of tumor margins using noninvasive optical diagnostic
methods such as RCM may aid in better margin assessment, potentially reducing the number of MMS stages and the overall
duration of the procedure. Tis prospective observational study evaluated the use of RCM and VDS in defning preoperative
surgical margins for high-risk NMSCs of the head and neck treated with MMS. Te study was conducted at the Oncologic
Dermatology Unit of IRCCS Azienda Ospedaliero Universitaria of Bologna from January 2018 to June 2024. Based on the
treatment received, the patients were divided into 2 groups: patients treated with RCM-assisted MMS (36) and patients treated
with VDS-assisted-MMS (302). Mean age at diagnosis was lower in Group 1 which also required fewer MMS stages to achieve
clear margins (p< 0.001) compared to Group 2. Te integration of RCM in preoperative margin assessment signifcantly reduces
MMS stages, improves surgical efciency, and enhances patient management, especially in high-risk, complex NMSC cases.
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1. Introduction

Mohs micrographic surgery (MMS) is a highly efective,
tissue-sparing technique for the treatment of skin cancers
[1–4]. Te procedure involves several steps: after debulking
the clinically evident tumor, a circular excision is performed
with a narrow 1–2mm margin around and beneath the
lesion. Te excised tissue is carefully marked, frozen, and
sectioned horizontally. Tese sections are then mounted on
glass slides, stained with hematoxylin and eosin, and ex-
amined under a microscope. Tis process is repeated in

stages until all margins are confrmed to be tumor-free on
histological evaluation. Once clear margins are achieved,
reconstructive options are discussed with the patient [3].
MMS is considered the gold standard for skin cancers at high
risk of recurrence, especially in anatomically or cosmetically
sensitive areas, due to its superior margin control, high cure
rates, and maximal preservation of healthy tissue [3]. Five-
year recurrence rates are signifcantly lower with MMS
compared to conventional surgical excision—1% vs. 10.1%
for primary basal cell carcinoma (BCC), and 5.6% vs. 17.4%
for recurrent BCC [2, 5, 6]. In addition to its established role
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in keratinocyte carcinomas, MMS is increasingly utilized in
the treatment of cutaneous melanoma, including both in situ
and invasive subtypes, particularly in areas where achieving
clear margins is challenging. Notably, Nosrati et al. reported
comparable 5-, 10-, and 15-year recurrence rates for mel-
anoma in situ treated with MMS versus wide local excision.
Furthermore, for AJCC 8th edition stage I melano-
mas—especially in the head and neck region—MMS has
been associated with improved overall survival compared to
traditional wide excision [7–9]. However, MMS has certain
limitations, such as being a time-intensive procedure re-
quiring the involvement of multiple professionals (physi-
cians and technicians) [10]. In this regard, presurgical
evaluation of tumor margins using noninvasive optical di-
agnostic methods such as refectance confocal microscopy
(RCM) may aid in better margin assessment, potentially
reducing the number ofMMS stages and the overall duration
of the procedure [11–16]. Since few studies have been
published analyzing the efcacy of RCM-assisted-MMS in
defning preoperative surgical margins of head and neck
NMSCs, we aim to describe our long-term approach based
on our experience.

2. Methods

We undertook a prospective observational study on the use
of noninvasive diagnostic techniques (dermoscopy, RCM) in
defning preoperative surgical margins of high-risk NMSCs
(nonmelanoma skin cancers) of the head and neck treated
with MMS referred to the Oncologic Dermatology Unit of
the IRCCS Azienda Ospedaliero Universitaria of Bologna,
Policlinico of Sant’Orsola, between January 2018 and June
2024. Te study protocol was approved by our local ethic
committee (SkinCancer2018). As a prospective observa-
tional study, it was not registered in a clinical trial registry.
We included patients diagnosed with BCC or squamous cell
carcinoma (SCC) referred for MMS to our department. No
formal sample size calculation was performed, as this was an
exploratory observational study. All eligible patients treated
between January 2018 and June 2024 were included. Patients
were assigned to Group 1 or Group 2 based on the type of
preoperative assessment received: RCM or video dermo-
scopy (VDS), respectively. Data recorded included age at
diagnosis, sex, location of the tumor, type of closure (direct,
secondary healing, fap, or graft), and number of stages
required to achieve histologically clear margins. For each
patient, a periodic follow-up (FU) visits were scheduled
1month after surgery and then every 6months. Inclusion
criteria encompassed being 18 years of age or older, having
a histopathological or dermoscopic diagnosis of BCCs or
SCCs, a clear indication for tumor excision employing the
MMS technique according to the appropriateness criteria
established by the AAD/ACMS/ASDSA/ASMS Society [3].
Exclusion criteria included cases of recurrent BCCs/SCCs
where primary tumor treatment was conducted in other
facilities, tumors exceeding 2 cm in diameter, absence of
histological/dermatoscopic evidence suggestive of BCCs or
SCCs, and the absence of signed informed consent. Based on
the treatment received, the patients were divided into 2

groups: (1) patients treated with RCM-assisted MMS and (2)
patients treated with VDS-assisted-MMS. VDS was chosen
instead of the traditional polarized or nonpolarized der-
moscopy because it ofers the following advantages: the
possibility to use higher magnifcations (x40 or higher; with
respect to x20 used during dermoscopy); the images can be
stored, and sequential imaging control can be performed.
Presurgical VDS evaluation of tumor margins was per-
formed using FotoFinder Medicam 1000 equipment, while
36 cases underwent RCM investigation using Vivascope
(MAVIG GmbH, Munich, Lucid-Tech Inc., Henrietta, NY,
USA) microscopy. In these cases, each skin lesions were
systematically evaluated by RCM: one X–Y horizontal
mapping (4× 4-mm mosaic) was performed at each epi-
dermal layer beginning with the stratum corneum through
the entire epidermis and until the papillary dermis (maximal
depth of imaging: 200–250 μm). Lesion images were eval-
uated by two expert dermatologists in the feld (FV, ED). We
analyzed for each lesion the presence/absence of the most
frequently described diagnostic RCM features for BCC (dark
silhouettes, bright tumor islands, cleft-like dark spaces,
dendritic cells, plump-bright cells, canalicular vessels) or
SCC (large, round nucleated polygonal cells at the stratum
corneum, atypical honeycomb or disarranged pattern of the
spinous-granular layer, round nucleated cells, and round
blood vessels traversing through the dermal papillae per-
pendicular to the skin surface) [17–19]. Specifcally, we
focused on tumor margin to assess the peripheral delim-
itation of the lesion for precise mapping to evaluate the
potentiality of such technique to reduce MMS stages
compared to dermoscopy (considered standard of care).
Routine clinical FU was obtained by clinical examination
and VDS observation. Te most recent FU using chart re-
view was included in the analysis. A biopsy and histo-
pathologic examination were performed if clinical
recurrence was suspected.

2.1. Statistics. Statistical analyses were performed using
unpaired Student’s t-tests for continuous variables and Chi-
square (χ2) tests for categorical data. A p value of less than
0.05 was considered statistically signifcant.

3. Results

During the 6-year period from January 2018 till June 2024,
338 patients afected by NMSCs of the head and neck area
were included in the study as follows: Group 1 included 36
patients were treated with RCM-assisted- MMS (34 BCCs
and 2 SCCs); Group 2 included 302 cases were treated with
VDS-assisted-(255 BCCs and 47 SCCs). Most common site
of NMSCs for both groups was the nose (52.8% of cases
Group 1; 18% Group 2). For Group 1, tumor location was as
follows: 52.8% on the nose, 30.5% on the lips, 16.7% on the
periocular, and 6% on the cheekbone whereas for Group 2,
we registered 18.9% of cases on the nose, 14.5% periocular,
12.2% in the temporal area, 11.6% on the cheek, 10.9% both
on the forehead and the ear, 9.9% in the preauricular area,
4.9% on the cheekbone, 3% on the jaw, and 2.3% on the lips.
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Te 2 groups were matched considering the incidence in
men and women. Mean age at diagnosis was lower in Group
1 than Group 2. No statistically signifcant association was

found between the sex of the patients and their belonging to
Group 1 or to Group 2. Te average FU duration was
12.1months for Group 1 and 22.4months for Group 2

Table 1: Epidemiological and clinic-pathological data of the study population.

Study population Group 1 (36) Group 2 (302) p value
Sex, n (%) > 0.9
M 23 (63.8) 192 (63.6)
F 13 (36.2) 110 (36.4)

Age (years)
Mean 58 73.9 < 0.001
Median 59 76
Range 30–81 30–97

Location of the tumor, n (%) < 0.001
Nose 19 (52.8) 57 (18.9)
Cheekbone 3 (6) 15 (4.9)
Forehead 0 33 (10.9)
Temple 0 37 (12.2)
Cheek 0 35 (11.6)
Ear 33 (10.9)
Periocular 6 (16.7) 44 (14.5)
Lips 11 (30.5) 7 (2.3)
Preauricular 0 30 (9.9)
Jaw 0 9 (3)

Diagnosis at histology, n (%)
BCCs 34 (94) 255 (84.4)
SCCs 2 (6) 47 (15.6)
Basosquamous 1 (2.3) 12 (4)

Number of MMS steps, n (%) < 0.001
1 33 (91.7) 59 (19.5)
2 2 (6) 185 (61.3)
≥ 3 1 (2.3) 58 (19.2)

Surgical reconstruction/therapies, n (%) 0.05
Direct closure 29 (80.6) 278 (92)
Flap or graft 7 (19.4) 20 (6.2)
Secondary healing 0 2 (0.7)

Follow-up (months)
Mean 12.1 22.4 < 0.001

Outcome, n (%) > 0.9
No signs of relapse 34 (94) 284 (94)
Relapse 2 (6) 18 (5.9)
Average time (months) between surgery and recurrence 11.4 17.3

(a) (b) (c)

Figure 1: Clinical and dermoscopic presurgical tumormapping of ulcerated BCC of the nose in a 52 years old patient (a, b). Tumormapping
using dermographic pen defning tumor borders based on VDS examination (c).

Dermatologic Terapy 3
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(p< 0.001). Tere was a statistically signifcant diference
between the 2 groups in the number of the required Mohs
stages: in Group 1, clearing of the tumor required 1 stage
more commonly than Group 2, which more often required 2
to 3 stages (p< 0.001). Closure in Group 1 was performed
primarily 80.6% of cases and using fap or graft in 19.4%.
Closure in Group 2 was performed primarily in 92% of cases,
with fap or graft in 6.2% and by secondary healing in 0.7%.
Histopathologic recurrence was diagnosed in 2 of 36 cases in
Group 1 and in 18 of 302 cases in Group 2. Te recurrences
were diagnosed at a mean time of 11–17months. Data are
fully listed in Table 1.

4. Discussion

Presurgical margin assessment with noninvasive diagnostic
techniques seems to provide a beneft in the patients’

management, especially for tumors located in critical areas
with a high risk of recurrence [12, 16, 20, 21]. Particularly,
RCM and VDS are useful for the defnition of the area
afected by the tumor to cut down the number of MMS
stages. In this sense, wherever possible, the aid of these
techniques should be taken into consideration with the aim
of both increasing the diagnostic accuracy through the
magnifcation of tumor margins and reducing the MMS
needed stages. In our clinical practice, we usually evaluate
every lesion with VDS right before starting the surgical
procedure. In fact, we predispose our operating room with
a device which enables us to do this without further delay
(Figures 1(a), 1(b), and 1(c)). As previously published, we
also use the device to assess the dermatoscopic signs of
residual tumor at the specimen’s perimeter with a 360°
control [21]. From 2019, we started using RCM, and, given
its potentiality in identifying skin cancers especially when

(a) (b) (c) (d)

Figure 2: Clinical and dermoscopic evaluation of morpheiform BCC of the nose in a 71 years old patient (a, b). In this case, the tumor
defnition was not possible from a clinical and dermoscopic observation, and we performed RCM to correctly defne tumor margins (c). We
then correctly identifed tumor margins using dermographic pen and steri-strip tapes, and the patient underwent MMS with only 1 step
necessary (d).

(a) (b) (c) (d)

Figure 3: Clinical observation of the scar of a 32-year-old patient previously operated with MMS (a). Trough dermoscopy, we detected
a single area of possible tumor recurrence with no clear-cut clues of BCC (b). We performed RCM within the whole area confrming the
presence of a nest in the dermoscopic suspected part and another one in the lower part of the scar tissue that was not evident der-
moscopically (c). We then mapped the detected areas using dermographic pen, and the patient underwent excisional biopsies following our
indication (d).

4 Dermatologic Terapy
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located in the head and neck area, we decided to assess its
efcacy in reducing MMS stages by presurgical tumor
mapping through RCM observation. To do this, we map the
tumor area using steri-strip suture tape to have the de-
marcation between the area observed in confocal and the
tape that is easily distinguished in RCM.We shape andmove
them until we do not see any feature of the tumor between
the central part of the tumor and the tape (Figures 2(a), 2(b),
2(c), and 2(d)). As soon as we conclude the RCM exami-
nation, we send the patient to the operating room with the
tape on so the Mohs surgeon (E.D., C.B.) will have the
correct demarcation of the area. Histological tumor clear-
ance was assessed by two Mohs surgeons (E.D., C.B.). Given
the involvement in the presurgical evaluation process,
blinding was not feasible. Tis lack of blinding may have
introduced observer bias, which should be considered
a methodological limitation of the study. As supposed, our
results show that the integration of RCM reduces the
number of MMS stages when compared to VDS-assisted
MMS with statistically signifcant diference improving
surgical efciency and providing a better cost–efective
patient management. In fact, the primary advantage of in-
tegrating RCM lies in its ability to optimize surgical ef-
ciency by reducing the number of required stages, thereby
potentially enabling more patients to be treated with MMS.
By achieving tumor-free margins in fewer steps, RCM may
expand the accessibility and throughput of this high-
precision surgical technique. While upfront costs and
training requirements are notable, the long-term benefts in
clinical workfow and patient access may justify its imple-
mentation, particularly in high-volume or complex cases.
During FU visits, each patient undergoes clinical and der-
moscopic examination which easily detect tumor recurrence
in NMSC [22]. If needed, RCM is used to confrm or refute
the diagnosis (Figures 3(a), 3(b), 3(c), and 3(d)).

5. Conclusion

Our prospective observational study evaluated the efcacy of
RCM-assisted MMS compared to VDS in defning pre-
operative surgical margins for NMSCs of the head and neck.
We presented the largest cohort of patients treated with this
technique, and our results justify the implementation of
RCM for presurgical margin assessment. Nonetheless, this
approach presents some limitations, as both MMS and RCM
are not widely available and require specialized training.
Tese factors currently hinder widespread implementation
and replicability. However, ongoing technological ad-
vancements and the development of more accessible, in-
tegrated imaging platforms are expected to improve
availability over time. As these tools become more widely
adopted, the initial costs may be ofset by gains in surgical
efciency—particularly through the demonstrated reduction
in the number of MMS stages required.
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