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ABSTRACT

Background: Basal cell carcinoma (BCC) is the predominant cutaneous malignancy globally. Determining the optimal
balance between complete tumour clearance and healthy tissue preservation, particularly in cosmetically sensitive facial
regions, remains a major clinical challenge. Objective: To compare intraoperative frozen section-guided excision (FSGE)
with standard wide local excision (SWE) using fixed clinical margins in patients with primary facial basal cell carcinoma,
focusing on margin clearance, defect area, patient-reported scar outcomes, operative time, and 12-month local recurrence.
Patients and Methods: A prospective, randomized comparative clinical trial enrolled 120 patients diagnosed with primary,
non-recurrent facial BCC (<20 mm). Participants were allocated 1:1 into Group A (FSGE, n=60 initial 2 mm visual margin
expanded intraoperatively based on cryostat histology) or Group B (SWE, n=60 uniform 4 mm fixed margin with standard
FFPE processing). Key endpoints included primary complete margin clearance rate, post-excision defect surface area (cm?),
POSAS cosmetic scores at 6 months, total operative duration, and 12-month recurrence rate. Clinical case documentations
and perioperative steps were verified photographically. Results: First-pass margin clearance was achieved in 58 of 60
patients (96.7%) in the FSGE group and 50 of 60 (83.3%) in the SWE group, a difference of 13.3 percentage points (95%
Cl, 2.9-23.8; p = 0.030). Secondary re-excision was needed in 0/60 versus 10/60 (p=0.001). Mean defect area was 1.82 £
0.45 cm? with FSGE and 2.48 + 0.62 cm? with SWE (26.6% smaller; p<0.001). The 6-month POSAS patient score was
lower (better) with FSGE (14.2 + 3.1 vs 21.5 £ 4.8; p<0.001). Mean procedure time was longer with FSGE (72.4 £ 14.2 vs
38.6 £ 8.1 min; p<0.001). Local recurrence at 12 months occurred in 0/60 versus 2/60 patients (p=0.50). Conclusion:
Compared with fixed-margin excision, FSGE was associated with a higher first-pass margin clearance rate, smaller surgical
defects, fewer secondary operations, and better patient-reported scar scores, but longer operative times. The difference in
recurrence was not significant, and longer follow-up is needed.
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1. INTRODUCTION

Basal cell carcinoma (BCC) represents approximately 80% of all non-melanoma skin cancers worldwide, exhibiting a
steadily escalating incidence driven by population aging and cumulative solar ultraviolet radiation exposure [1, 2]. The
majority of cutaneous BCC lesions manifest in the head and neck region, where tumour expansion and surgical
interventions pose substantial clinical, functional, and aesthetic challenges [3]. The paramount objective of surgical
management in cutaneous BCC is complete histological eradication of neoplastic cells while maintaining functional
anatomical structures and minimizing facial cosmetic deformities [4]. Standard Wide Local Excision (SWE) utilizing
predetermined clinical safety margins (typically 4 mm to 5 mm for low-risk lesions) has historically served as a
conventional treatment modality [5]. However, visual clinical estimation of tumour boundaries frequently underestimates
subclinical microscopic extension, particularly in aggressive histological subtypes such as infiltrative, morphoeiform, or
micronodular variants [6, 7]. Consequently, fixed-margin excision can lead to two sub-optimal clinical outcomes:
incomplete excision resulting in heightened local recurrence risks, or excessive removal of non-involved healthy skin
causing unnecessary cosmetic defect amplification [7, 8].

While Mohs Micrographic Surgery (MMS) is established as the gold standard for high-risk facial BCC due to complete
100% margin mapping [8, 9], its widespread implementation is frequently restricted by specialized laboratory infrastructure
requirements, prolonged procedure duration, higher immediate financial costs, and a global scarcity of certified Mohs
dermatologic surgeons [9, 10]. Intraoperative Frozen Section-Guided Excision (FSGE) offers a practical, highly efficient,
and reliable alternative by delivering real-time histological feedback of circumferential and deep surgical margins during
the primary procedure [10, 11]. This prospective randomized clinical trial compares clinical outcomes, complete resection
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rates, defect size, cosmetic satisfaction, and 12-month recurrence between intraoperative FSGE and standard SWE with
fixed surgical margins in primary facial BCC.

Patients and methods

This prospective, randomized comparative study was conducted between November 2022 and December 2023. The
Institutional Review Board granted ethical approval, and signed informed consent was obtained from all participants prior
to enrolment in strict accordance with the Declaration of Helsinki guidelines. Inclusion criteria comprised adult patients
(>18 years) with histologically confirmed, primary, non-recurrent facial BCC presenting with a single lesion size <20 mm
in maximum diameter, suitable for local anaesthesia and surgical resection. Exclusion criteria included recurrent or
previously treated BCC, high-risk genetic tumour syndromes (e.g., Gorlin-Goltz syndrome or xeroderma pigmentosum),
clinical or radiological evidence of periosteal, cartilaginous, or neurovascular invasion, and a history of keloid or
hypertrophic scarring. A total of 120 eligible patients were randomized 1:1 into two intervention arms using a computer-
generated block randomization sequence:

Group A (FSGE Group, n=60): Received intraoperative frozen section-guided excision. Resection was initiated with a
conservative 2 mm visual margin surrounding the gross clinical perimeter. Specimens were oriented, color-coded, and
processed immediately for cryostat sectioning. If microscopic margins returned positive, targeted re-excision of the
involved boundary was performed during the same surgical session until complete clearance was declared prior to
immediate defect reconstruction.

Group B (SWE Group, n=60): Received standard wide local excision with a uniform 4 mm clinical safety margin around
the gross visual border. Surgical defects were closed immediately. Specimens underwent standard formalin-fixed paraffin
embedding (FFPE). If permanent pathology revealed positive margins, secondary re-excision surgery was scheduled.

Table 1. Operational Features of Trial Arms

Trial Operational Feature Group A (FSGE Arm) Group B (SWE Arm)

Sample Size (n) 60 patients 60 patients

Initial Surgical Safety Margin 2.0 mm visual margin 4.0 mm visual margin

Histopathological Processing Intraoperative Frozen Section Postoperative Formalin-Fixed
(Cryostat) Paraffin (FFPE)

Defect Reconstruction Protocol Immediate (post-clearance Immediate (post-primary
confirmation) resection)

Secondary Re-operation Strategy Same-session targeted Delayed secondary surgical
intraoperative intervention

Clinical case documentation and surgical workflow
Photographs documenting representative FSGE cases were obtained before surgery, during resection and reconstruction,
and at follow-up (Figures 1-7).

Preoperative presentation and lesion localization:
e Figure 1: Preoperative baseline appearance of a pigmented nodular BCC on the medial cheek adjacent to the
nasal sidewall, with an irregular dark surface and well-defined borders.
e Figure 2: Preoperative clinical evaluation of a female patient presenting with an exophytic ulcerated nodular
lesion on the nasal dorsum, with a crusted, erythematous, haemorrhagic surface and rolled borders, consistent with
BCC, prior to radical FSGE resection.

Intraoperative resection and margin verification:
e Figure 3: Intraoperative surgical defect following initial 2 mm surgical resection on the nasal apex prior to
cryostat frozen section verification.
e Figure 4: Intraoperative view of surgical reconstruction with advancement flap (O to L) in progress showing
sutures placed along the nasolabial fold and suction drainage placement.

Postoperative outcomes and healing dynamics:
e Figure 5: Immediate postoperative view of a male patient following extensive cheek and lower eyelid
reconstruction, featuring continuous closed-suction drainage to prevent hematoma.
e Figure 6: Postoperative follow-up photo of an elderly female patient after excision of a nasal BCC with a safety
margin, showing a well-healed linear scar along the nasal sidewall and dorsum with mild residual erythema and
no ulceration, crusting, or visible signs of recurrence.
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e Figure 7: Composite photo-documentation tracking the lesion from initial presentation, surgical resection defect,
immediate closure, drain placement, to excellent long-term cosmetic outcome at follow-up.

Outcomes
The primary outcome was the first-pass margin clearance rate, defined as the proportion of patients whose peripheral and
deep margins were tumor-free at the initial histological assessment. In the FSGE group, this assessment was performed
using frozen sections; in the SWE group, it was based on permanent histology. Secondary outcomes were: secondary re-
excision (any further operation for a positive margin after the index procedure); post-excision defect area in cm?; the
POSAS patient scale at 6 months (six items scored 1 to 10, total 6 to 60, lower scores indicating better scar quality); total
procedure time in minutes; and local recurrence at 12 months.

Statistical analysis
Continuous variables were reported as mean + standard deviation and compared with Welch's t-test. Categorical variables
are reported as numbers and percentages and compared with Fisher's exact test. Between-group differences are given with
95% confidence intervals. A two-sided p value <0.05 was considered statistically significant.
2. RESULTS

Demographic characteristics, including age, gender distribution, anatomical site, and histological subtype, were evenly
distributed across both groups with no statistically significant baseline differences (Table 2).

Table 2. Baseline demographic and clinical characteristics

Baseline Variable / Clinical Feature Group A: FSGE (n=60) Group B: SWE (n=60)
Mean Age (Years +/- SD) 64.2 +/- 8.5 65.8 +/-9.1
Gender (Male / Female) 32/28 35/25
Mean Preoperative Tumour Diameter (mm) 114 +/-3.2 11.8 +/-3.5
Anatomical Subsite Distribution:

* Nose / Perinasal 26 (43.3%) 24 (40.0%)
* Cheek / Malar 18 (30.0%) 20 (33.3%)
* Periocular / Eyelid 10 (16.7%) 9 (15.0%)

* Forehead / Temple 6 (10.0%) 7 (11.7%)
Histological Subtype Distribution:

* Nodular BCC 34 (56.7%) 32 (53.3%)
* Superficial BCC 14 (23.3%) 16 (26.7%)
* Infiltrative / Micronodular Subtype 12 (20.0%) 12 (20.0%)

First-pass margin clearance was higher with FSGE (58/60, 96.7%) than with SWE (50/60, 83.3%): difference 13.3
percentage points (95% CI 2.9 to 23.8; p=0.030). No FSGE patient needed a secondary re-excision, compared with 10
SWE patients (16.7%; p=0.001). Mean defect area was 0.66 cm? smaller with FSGE (95% CI 0.46 to 0.86; p<0.001), a
26.6% reduction relative to SWE. The 6-month POSAS patient score was 7.3 points lower with FSGE (95% CI 5.8 to 8.8;
p<0.001). FSGE took on average 33.8 minutes longer (95% CI 29.6 to 38.0; p<0.001). At 12 months, local recurrence had
occurred in no FSGE patients and in 2 SWE patients (3.3%; p=0.50) (Table 3).

Table 3. Key primary and secondary clinical endpoints

Outcome FSGE (n=60) SWE (n=60) Difference (95% p value
Cl)

First-pass clear margin, n 58 (96.7) 50 (83.3) +13.3pp (2.9 t0 0.030

(%) 23.8)

Secondary re-excision, n 0(0.0) 10 (16.7) —16.7 pp (—26.1 to 0.001

(%) -7.2)

Defect area, cm? 1.82+0.45 2.48 +0.62 —0.66 (—0.86 to <0.001
—0.46)

Procedure time, min 724+14.2 38.6+8.1 +33.8 (29.6 to <0.001
38.0)

POSAS patient score, 6 142+31 21548 —7.3 (—8.8 to —5.8) <0.001

months

Local recurrence, 12 0 (0.0) 2(3.3) =3.3pp (7.9 to 0.50

months, n (%) 1.2)
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Representative cases
Representative patients treated with FSGE are shown in Figures 1 to 7: preoperative lesions (Figures 1 and 2), intraoperative
defect and reconstruction (Figures 3 and 4), and postoperative appearance (Figures 5 to 7).

Figure 1. Pigmented nodular BCC on the medial cheek adjacent to the nasal sidewall, before excision with frozen
section-guided margins.

Figure 2. Exophytic, ulcerated nodular BCC of the nasal dorsum in a female patient, before FSGE.
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Figure 3. Intraoperative defect on the nasal apex after the initial 2 mm excision, before cryostat verification of the
margins.

| % ’
Figure 4. Reconstruction with an O-to-L advancement flap, showing suture placement along the nasolabial fold and a
suction drain.
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Figure 6. Postoperative follow-up of a female patient after excision of a nasal BCC, showing a well-healed linear scar
along the nasal sidewall and dorsum.
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Intraoperative frozen section-guided excision versus standard surgical excision in basal cell
carcinoma: A prospective randomized clinical study

Figure 7. Composite of one patient: lesion at presentation, surgical defect, immediate closure, drain placement, and
outcome at follow-up

3. DISCUSSION

In this trial, first-pass margin clearance was higher in the FSGE group than in the SWE group (96.7% vs 83.3%). No
patients in the FSGE group required a secondary re-excision, compared with 10 patients in the SWE group. Mean defect
area was also smaller in the FSGE group (1.82 vs 2.48 cm?). Complete excision of facial BCC requires a balance between
oncological clearance and preservation of normal tissue [4]. Our results are in line with reports that intraoperative frozen-
section margin control allows tumour clearance to be cOonfirmed in the same session [14, 15].

Fixed margins of 3 to 5 mm are standard for low-risk BCC [5], but subclinical extension is unpredictable. In the SWE arm,
16.7% of patients had a positive margin, which is of a similar order to rates reported in other series [9, 15]. A positive
margin means a second operation, delayed wound healing and distress for the patient [16]. FSGE started with a 2 mm
margin and extended only where histology showed residual tumour and the mean defect area was 26.6% smaller (1.82 vs
2.48 cm?). Because the SWE margin was fixed at 4 mm, part of this difference reflects the design of the comparator and
not a property of frozen section alone. Smaller defects may simplify reconstruction [15]. Patient-reported POSAS scores
at 6 months were also better with FSGE (14.2 vs 21.5; lower is better) [17], although this outcome may be affected by bias
if patients knew their allocation. The price of FSGE was a longer operation (72.4 vs 38.6 min) [18]. MMS remains the
reference standard for high-risk facial BCC, but it requires specialised infrastructure and surgeons who are not available
everywhere [11]. FSGE may be an option where MMS is not available, but this trial did not compare FSGE with MMS.
Local recurrence at 12 months did not differ significantly (0/60 vs 2/60; p=0.50); the number of events is too small to draw
conclusions about recurrence.

Limitations
Several limitations should be considered when interpreting the findings of this study. First, while conducted across multi-
site tertiary capabilities within the healthcare network, regional practice patterns may slightly influence workflow timelines.
Second, while a 12-month follow-up period captures the majority of early recurrences, extended 5-year surveillance is
needed to confirm definitive long-term cure rates. Third, cost-effectiveness was evaluated in terms of operative time and
secondary procedures rather than direct financial health economics.

4. CONCLUSION
In this randomised trial, FSGE achieved a higher first-pass clear-margin rate, avoided secondary re-excision, and gave a

smaller defect and better patient-reported scar scores at 6 months, at the cost of roughly double the operative time.
Recurrence at 12 months did not differ significantly (0/60 vs 2/60). Further studies with longer follow-up are needed to
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assess long-term recurrence and clarify the role of FSGE in the surgical management of facial BCC.
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