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Abstract

Background: Non-melanoma skin cancer (NMSC), comprising basal-cell
carcinoma (BCC) and cutaneous squamous-cell carcinoma (cSCC),
represents the most common malignancy worldwide. Surgical management
remains the gold standard, yet the choice between Mohs micrographic
surgery (MMS) and wide local excision (WLE) continues to generate
debate due to differences in recurrence, cost, and cosmetic outcomes.

Objective: To systematically compare MMS and WLE across three domains:
long-term recurrence rates, cost-effectiveness, and aesthetic outcomes.

Methods: A contemporary synthesis of prospective cohorts, registries,
randomized trials, and economic models was performed. Outcomes
included 5-year recurrence, incremental cost-effectiveness ratios (ICERs),
quality-adjusted life years (QALYSs), and validated patient-reported scar
assessments.

Results: For high-risk facial BCC and ¢SCC, MMS reduced 5-year
recurrence to < 1% compared with 3-5% after WLE (number-needed-to-
treat = 28). Tissue-sparing margins yielded scars 1-2 mm narrower and
38% smaller in surface area, increasing the probability of “good/excellent”
cosmesis by 12% per mm saved. Economic analyses demonstrated that,
despite higher upfront procedural costs, MMS dominated WLE by saving =~
$330 per patient and gaining 0.04 QALY over five years. Population-level
adoption for intermediate-risk cSCC projected an annual payer surplus of
~ $200 million and >25,000 QALYs. Patient-reported outcomes (POSAS,
SCAR-Q, and FACE-Q) consistently favored MMS, with > 90% rating
scars as “good/excellent” versus 74% after WLE.

Conclusion: MMS provides superior oncologic control, cosmetic
outcomes, and cost-effectiveness compared with WLE for high-risk
NMSC. Expanding MMS capacity and embedding patient-centered
decision aids could optimize value-based care and deliver durable clinical
and economic benefits.
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Value; Aesthetic Outcomes

Methodology

Literature Search and Selection

A systematic search was conducted across PubMed, Embase, and
Cochrane databases using keywords including "Mohs surgery," "wide local
excision," "non-melanoma skin cancer," "recurrence," "cost-effectiveness,"
and "aesthetic outcomes." Inclusion criteria encompassed studies published
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between 2000 and 2025 that reported 5-year recurrence rates,
cost data, or validated cosmetic outcomes for MMS and
WLE. Exclusion criteria included case reports, studies with
<50 patients, and those lacking stratified outcome data.

Data Extraction and Stratification

Data was extracted on tumor type (BCC vs. ¢SCC),
anatomical location, histologic subtype, and patient risk
factors (such as perineural invasion and immune status).
Recurrence rates were stratified by technique and risk profile.
Economic data were categorized into direct procedural costs,
reconstruction expenditures, and cost per recurrence averted.
Aesthetic outcomes were assessed using validated patient-
reported outcome measures (PROMs) including POSAS,
SCAR-Q, and FACE-Q.

Economic Modeling

Cost-effectiveness was evaluated using Markov models
and Incremental Cost-Effectiveness Ratios (ICERs), with
inputs derived from U.S. Medicare micro-costing studies and
European payer data. Budget-impact analyses were performed
from both third-party payer and societal perspectives,
incorporating direct medical costs and indirect costs such as
productivity loss and caregiver burden.

Aesthetic Assessment

Objective scar metrics were obtained from studies using
3D stereophotogrammetry and contour analysis. Subjective
outcomes were synthesized from PROMs, with statistical
significance determined by minimally important differences.
Reconstruction modality (primary closure vs. flap/graft) was
analyzed for its impact on cosmesis and revision rates.

Comparative Framework

Outcomes were compared using Number-Needed-to-
Treat (NNT) and ICERs to translate clinical benefit into
economic value. Subgroup analyses were conducted by
tumor size, histologic subtype, and immune status to identify
scenarios where MMS offers dominant value. This integrative
methodology enabled a robust comparison of MMS and
WLE, guiding clinicians and policymakers toward evidence-
based, value-driven surgical decisions for NMSC.
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Introduction

non-melanoma skin cancer (NMSC), predominantly
basal-cell carcinoma (BCC), and cutaneous squamous-cell
carcinoma (cSCC) are now the most diagnosed malignancies
in fair-skinned populations worldwide [1]. Recent U.S.
registry data estimate 5.4 million cases in 2023, a two-
fold increase since 2000, with similar upward trajectories
reported in Australia and Western Europe [2]. Population
ageing, ultraviolet radiation exposure, and widespread use
of immunosuppressive therapies have shifted NMSC from a
sporadic indolent disease to a chronic, sometimes recurrent,
condition that consumes 4.5% of all oncologic health-
care expenditure [3]. Although disease-specific mortality
remains low (<1% for BCC, 2-5 % for high-risk ¢SCC),
the sheer volume translates into substantial morbidity:
disfigurement of cosmetically sensitive areas (nose, eyelid,
and lip), loss of function (periocular, auricular, and digital),
and repeated office visits for field therapy or salvage
surgery [4]. Modelling studies predict a further 50% rise
in incidence by 2040, implying that the surgical workload
attributable to NMSC will soon rival that of all other solid
tumors combined [2]. For tumors that are clinically invasive
or recurrent, surgical extirpation remains the gold standard.
Two techniques dominate practice: Mohs Micrographic
Surgery (MMS) and Wide Local Excision (WLE) [5]. MMS,
pioneered by Frederic Mohs in the 1930s and refined into
a same-day outpatient procedure, entails systematic staged
excision with horizontal frozen-section mapping of 100% of
the peripheral and deep margins [6,7]. The process continues
until the entire tumor’s footprint is removed, after which the
resulting defect is reconstructed, often by the same surgeon
on the same day [8]. This tissue-sparing, margin-controlled
approach is endorsed by international guidelines for high-risk
BCC and ¢SCC located in the “H-zone” of the face, as well as
for recurrent or ill-defined lesions elsewhere [9]. In contrast,
WLE relies on pre-determined clinical margins (4 mm for
low-risk BCC, 6-10 mm for high-risk cSCC) with subsequent
standard bread-loaf paraffin histopathology that samples <1%
of the margin surface [10]. WLE is typically performed in a
single stage under local anesthesia and is the default option
when Mohs is unavailable or when lesions are situated on
the trunk or extremities, where tissue conservation is less
critical [11]. Over the past two decades, both techniques
have benefited from technological adjuncts, reflectance
confocal microscopy, and perioperative optical coherence
tomography for MMS; intraoperative frozen-section control
and rapid paraffin protocols for WLE, yet the fundamental
philosophical difference persists so MMS maximizes margin
certainty while minimizing normal-tissue sacrifice, whereas
WLE trades a larger resection volume for procedural
simplicity and universal accessibility [12-14,7].

Despite abundant single-arm cohort studies, randomized
evidence directly pitting MMS against WLE is scarce; only
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three small RCTs (n < 300 each) have been completed,
all under-powered for recurrence and none incorporating
cost-effectiveness or patient-centered aesthetic endpoints
[11,15]. Consequently, national guidelines continue to issue
conditional recommendations based on low-quality evidence,
leaving clinicians to navigate a complex matrix of tumor
factors (histology, size, site, and depth), patient factors
(age, comorbidity, and cosmetic expectation), and health-
system factors (operating-room time, histology throughput,
and reimbursement tariffs) [16-21]. Meanwhile, economic
modelling suggests that the incremental cost of MMS (1.5- to
2.5-fold higher than WLE) may be offset by lower recurrence-
related re-operations, while real-world payer data remain
fragmented [22,23]. Similarly, modern aesthetic assessment
tools, 3D surface imaging, spectrophotometric scar analysis,
and validated patient scar questionnaires, have seldom been
applied head-to-head [24-26]. Given the rising incidence and
the pressure on health systems to deliver value-based care,
a contemporary synthesis that integrates oncologic efficacy,
economic impact, and aesthetic sequelae is timely (Figure 1)
[22,23].

Mohs Micrographic Surgery (MMS) Wide Local Excision (WLE)

- Standard Excision with Margin

- Standard Cure Rate

- Remove More Tissue

- Larger Scar

- Higher Recurrence Risk for High-Risk NMSC

- Precise, Layer-by-Layer Removal
- High Cure Rate

- Maximizes Healthy Tissue

- Small Scar, Better Cosmesis

- Cost-Effective for High-Risk NMSC

Figure 1: Schematic comparison of MMS and WLE in NMSC. The
comparison highlights the superior advantages of MMS in various
aspects such as precise surgery, cure rate speed, size of tissue
removal, cosmesis, cost-effective, and recurrence rate.

Therefore, this review aims to compare MMS and wide
local excision for NMSC across three dimensions: (A)
long-term recurrence rates stratified by tumor and patient
subgroups; (B) cost-effectiveness and budget impact from
public and private payer perspectives; and (C) objective
and subjective aesthetic outcomes. By critically appraising
the highest available evidence and highlighting persistent
knowledge gaps, we provide a roadmap for clinicians,
policymakers, and researchers seeking durable tumor control
without imposing unnecessary economic or cosmetic burdens
on an ageing population.

This review employed a structured, multi-dimensional
synthesis of existing literature to compare Mohs
Micrographic Surgery (MMS) and Wide Local Excision
(WLE) for non-melanoma skin cancer (NMSC), focusing on
recurrence rates, economic value, and aesthetic outcomes.
The methodology integrated prospective cohort studies,
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registry data, Randomized Controlled Trials (RCTs), and
economic modeling frameworks to ensure comprehensive
and evidence-based analysis.

Recurrence Rates

Basal-Cell Carcinoma (BCC): 5-Year Recurrence
Data

Population-based and prospective cohort studies converge
on a 5-year recurrence risk of =1-2% for primary BCC when
complete excision is verified by Mohs micrographic surgery
(MMS) [27-29]. In a 10-year intention-to-treat analysis of
348 facial BCCs randomized to MMS or 4-mm-margin
WLE, the crude 5-year recurrence rate was 1.0% in the MMS
arm versus 4.8% after WLE (hazard ratio 0.21; 95% CI
0.07-0.62), confirming MMS as the gold standard for tissue-
sparing clearance [30,31]. High-risk histology or narrow
conventional margins inflate these figures [32]. A prospective
registry of 1,126 consecutive primary BCCs excised with <1
mm peripheral margins reported a 5.9% recurrence at 5 years,
compared with 1.6% when>3 mm clinically clear margins were
achieved, underlining the critical role of margin width even
in non-Mohs settings [33-35]. Sub-types such as infiltrative,
micronodular, or basosquamous morphology pushed
recurrence to 8-12%, especially when tumors were located
on the nose or forehead where aesthetic hesitation often leads
to more conservative primary excision [36,37]. Reassuringly,
modern MMS series show that Perineural Invasion (PNI),
prior treatment, or AJCC T2/T3 size do not breach the 1%
barrier when 100% margin mapping is employed: only 5 out
of 476 high-risk facial BCCs recurred within 5 years, yielding
a disease-free survival of 98.9% [38-40]. Taken together,
contemporary level-1I evidence defines the benchmark 5-year
recurrence for primary BCC as: <1% with Mohs micrographic
surgery, ~2-4% after meticulously planned WLE with >4 mm
margins, and 5-10% for high-risk morphology or narrow-
margin excision [33,2,34,36,37,35,28,29,7]. These figures
underpin current guideline recommendations and serve as the
reference against which novel non-surgical or combination
approaches are judged.

Squamous-Cell Carcinoma: 5-Year Recurrence Data

Population-based cohorts and prospective audits agree that
primary ¢cSCC carries a 5-year local-recurrence (LR) risk of
3-7% when excised with clear conventional or Mohs margins,
but this figure can double in high-risk subsets [41-43]. In a
multi-center UK audit of 598 consecutive cSCCs excised with
4-6 mm margins, the overall 5-year recurrence rate (local and
nodal) was 6.7%; which 96% of these events presented within
the first 24 months, and the median time to LR was only 9
months, underscoring the need for intense early surveillance
[44,45]. PNI was the strongest independent predictor: 19.1%
(9/47) of tumors showing PNI recurred versus 5.6% (31/551),
pushing the 5-year risk for this subgroup to =20% [38]. Head-

Citation: Kimia Heidari, Seyedshayan Shojaei, Haiyue Jin, Devendra K. Agrawal. Mohs Surgery vs. Wide Local Excision for Non-Melanoma Skin
Cancer: Comparing Recurrence Rates, Economic Value, and Aesthetic Outcomes. Journal of Cancer Science and Clinical Therapeutics.

10 (2026): 12-27.



feﬁune Heidari K, et al., J Cancer Sci Clin Ther 2026

Journals DOI:10.26502/jcsct.5079281

and-neck location also matters; a Spanish cohort (n=558)
found 15.8% LR at 5 years for tumors on chronically sun-
damaged skin versus 7.4% on covered sites, largely driven by
a higher rate of positive peripheral margins (24.6% vs 10.5%)
[42]. Mohs micrographic surgery shifts the curve leftward. A
prospective U.S. cohort that followed 137 previously recurrent
¢SCCs reported a 5-year re-recurrence rate of only 5.1% after
MMS versus 12.1% after standard WLE, although numbers
were small and confidence intervals overlapped [46]. Taken
together, contemporary data define the benchmark 5-year
recurrence for primary cSCC as: 3-5% with MMS or >6 mm
WLE in standard-risk tumors, 6-8% with 4 mm WLE on the
trunk/extremities, and 10-20% for high-risk morphology (>2
cm, poorly differentiated, PNI, depth > 6 mm) regardless of
technique [44,38,46,47,41,42,20,43]. These figures anchor
current guideline risk-stratification tables and inform the
cost-effectiveness models that follow.

High-Risk Subsites (H-zone, Ears, and Lower Legs)

The H-zone (nasal pyramid, medial canthus, and perioral)
carries a 3-fold higher BCC recurrence risk than non-H-zone
sites (14% vs 3% with conventional excision) because dense
sebaceous glands and neuro-vascular plexuses facilitate occult
perineural spread; switching to Mohs micrographic surgery
reduces 5-year recurrence to 1% [48]. On the ear, squamous-
cell carcinomas > 2 c¢cm exhibit an 8.5-fold higher metastatic
propensity; Mohs surgery achieves 4% local recurrence
and 11% nodal metastasis at 5 years, outperforming wide
excision, while preserving helical contour and saving ~$1,300
per patient in revision costs [49]. Pretibial skin is tethered to
poorly perfused bone; 6-mm WLE margins yield 12% wound
infection and six-week immobilization, whereas staged MMS
with 2 mm increments allows primary closure in two-thirds
of cases, cuts infection to 4%, and delivers equivalent 3%
five-year recurrence, which supporting MMS as the preferred
option for H-zone and ear primaries and a low-threshold
choice for any lower-leg tumor where healing is uncertain
(Figure 2) [50].

H-Zone (Face) Ear Primaries (SCC > 2cm) Lower Leg (Pretibial)

Nasal Medical

pyramid ) T> | Canthus ( —
H-zone . SCC>2cm

Pretibial Skin
Poor Perfusion

BCC Recurrence:
14%

Primary Closure
(2/3)

Occult Perineural
Spread

Preforred for
Uncertain Healing

Preserves Tissue

Figure 2: MMS vs. WLE in special zones. MMS is the preferred
option for H-zone and ear primaries, and a low-threshold choice for
lower-leg tumors.
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Economic Value

Direct Procedure Costs (facility, personnel, and
histopathology)

Medicare-based micro-costing studies show that a single
MMS episode performed in an office-based procedure
room averages $1,200-1,800 per stage; with a mean of
1.7 stages required, the total facility-plus-professional fee
per case converges on =~ $2,400, which covers procedure
suite, overhead, nursing time, and the unique on-site
histotechnologist, immediate microscopic interpretation by
the Mohs surgeon (acting as both surgeon and pathologist),
and eliminating a separate pathology billing event. In contrast,
WLE with standard bread-loaf margin processing incurs two
discrete bills including operating-room / facility charge when
done in an ambulatory surgery center, the cost per OR minute
is = $38; a 25-30 min excision therefore adds = $950-1,140
[51]. Also, histopathology charges a separate laboratory fee
for permanent-section margin evaluation averages $200-300
per specimen [52,53]. Combined, the up-front direct cost of
a straightforward WLE is therefore ~ $1,150-1,450, which
is = $1,000 less than MMS for a single-stage scenario [54].
However, since MMS consolidates surgery and pathology
into one visit and spares 65% more tissue, the global
procedural cost gap narrows when reconstruction complexity
and revision risk are added. In short, MMS carries a higher
initial facility-plus-personnel price, while the single-episode
bundled design offsets much of the differential by avoiding
separate pathology fees and reducing costly revision surgeries.

Reconstruction and Revision Surgery Expenditures

Reconstruction costs are driven by defect size, anatomic
site, and closure modality. A U.S. Medicare micro-costing
study (848 consecutive tumors) showed that immediate
reconstruction performed in the same facility averaged $585
for a linear repair but $1,028 for a flap or graft, yielding a
pooled bundle of = $730 per case [55]. Because MMS
conserves tissue, only about 27% of defects require flap/graft
closure compared with about 42% after standard WLE; thus,
the weighted average reconstruction spend is = $200 lower
per MMS episode even before revision surgery is considered
[55]. The revision expenditures reveal the larger financial
divergence. A prospective cohort of 988 nasal reconstructions
after MMS documented an unplanned revision rate of 6.5%;
risk rose to 9% on the ala and 16.7% when multiple subunits
were involved [56]. Local flaps were 2.4 times more likely to
need revision than grafts, and each revision episode carried
a mean facility charge of $1,600-2,200 [56]. Comparable
multi-institutional data for WLE is sparse, while positive-
margin WLE on the head/neck required re-excision or MMS
completion in 7.4% of cases, generating incremental charges
of $2,900 per revision [57]. When these rates are applied
to a modeled cohort of 1,000 high-risk facial NMSCs,
MMS prevents about 40 revisions, saving =~ $110,000 in
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downstream OR and flap/graft costs, an amount that offsets
15-20% of its initial price premium and lowers the 5-year
episode-of-care cost to within $350 per patient of WLE [55].
Consequently, although MMS reconstruction bundles appear
expensive upfront, their lower revision burden makes the
total reconstructive expenditure economically favorable over
a mid-term horizon.

Cost per Averted Recurrence

The incremental cost required to prevent one additional
tumor recurrence is the most policy-relevant metric when
payers decide between MMS and WLE. A 2022 U.S. Markov
analysis of intermediate-risk ¢cSCC (stage T2a) found that
MMS cost = $334 less per patient than WLE over 5 years,
while avoiding 0.043 quality-adjusted life-year (QALY)
losses, yielding an Incremental Cost-Effectiveness Ratio
(ICER) of = $7,822 per recurrence averted, whereas MMS is
both cheaper and more effective [15]. European cohort studies
report similar patterns. For primary BCC, [27]. calculated an
ICER of €23,454 (= $26,000) per recurrence prevented when
MMS replaced WLE, while the figure plummeted to €3,171
(= $3,500) for recurrent BCC, where baseline failure risk
is higher [27]. These numbers sit well below conventional
willingness-to-pay ceilings (= $50,000), indicating that each
recurrence avoided by MMS costs roughly one-tenth of a
QALY. Population-level projections magnify the economic
dividend. Choosing MMS for all U.S. T2a cSCC cases would
save =~ $200 million annually and >25,000 QALYs, translating
into = $8,000 per recurrence averted at the national budget
level. Sensitivity analyses show that MMS could cost 3.1
times its current rate and remain cost-effective, underscoring
the robust value proposition of averting recurrences with
MMS (Table 1) (Figure 3) [15].

Budget-Impact Analyses from Payer and Societal
Perspectives

Payer Perspective: From a third-party payer vantage, the
2022 U.S. Markov model for stage T2a ¢cSCC showed that
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MMS costs = $334 less per patient than WLE over 5 years,
while gaining 2.22 weeks of perfect health (= 0.043 QALY).
At a national scale, universal adoption of MMS for this risk
stratum would save = $200 million annually and > 25,000
QALYs for payers, translating into a budget impact of = $200
M per year, a net fiscal surplus for Medicare or commercial
insurers [15]. Sensitivity analysis found that MMS could cost
3.1 times its current reimbursement rate and remain cost-
effective, indicating robust financial headroom for payers.

Societal Perspective: When non-healthcare costs
(patient travel, caregiver time, or lost productivity) are
included, the societal savings are even larger. A Dutch BIA
framework demonstrated that indirect costs could exceed
20% of direct medical expenditures for skin-cancer episodes
requiring multiple visits or revisions; thus avoiding 540
repeat surgeries per 1,000 high-risk facial cases with MMS
saves an additional =~ $2.4 million in societal resources [58].
Consequently, budget-impact models that adopt a limited
societal or full societal perspective consistently show that
MMS delivers net savings to both the healthcare budget and
the broader economy within a 5-year horizon.

\ 4 1 )

Lower Cost Higher Cost

Fewer Recurrences More Recurrences

Individual Patient Level National Bedget Level (U.S. T2a ¢SCC)

j

ICER: - Saves= S200M annually
57,822 (¢SCC; Recurrence Averted)
§26,000 (Primary BCC)

83,500 (Recurrent BCC)

<

- =125,000QALYS
- =58.,000/ Recurrence Averted

Figure 3: Cost-effectiveness of MMS vs. WLE for skin cancer.
MMS is the dominant and preferred choice for cSCC, primary BCC,
and recurrent BCC.

Table 1: Cost per averted recurrence and key finding in MMS and WLE.

Incremental Cost-

Tumor Type / Context Effectiveness Ratio (ICER)

Intermediate-Risk cSCC

(Stage T2a) = $7,822 per recurrence averted

Primary BCC (European €23,454 (= $26,000) per
Data) recurrence prevented

Recurrent BCC
(European Data)

€3,171 (= $3,500) per recurrence
prevented

MMS is = $334$ less expensive per
patient and avoids $0.043 quality-
adjusted life-year (QALY) losses

Not explicitly stated in cost difference

Not explicitly stated in cost difference

Cost and QALY Benefit of MMS
over WLE (5 Years)

Key Finding

MMS is Dominant (cheaper and more
effective)

The figure sits well below conventional
willingness-to-pay thresholds
(= $50,000%)

Cost-effectiveness is significantly better
for recurrent cases due to the higher
baseline failure risk.
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Aesthetic and Functional Outcomes
Scar Width, Surface Area, and Contour Deformity

Three-dimensional stereophotogrammetry and validated
scar scales consistently have shown that MMS produces
smaller, flatter, and less perceptible scars than WLE. A
prospective cohort of 124 nasal defects demonstrated that
MMS closures ended with a mean scar width of 2.8 mm versus
4.1 mm after WLE (p <0.01) and a 38% smaller final surface
area, because the intra-operative margin control permitted a
65% reduction in the excision diameter compared with the
4-6 mm clinical margins used for WLE [59]. Also, high-
resolution 3D imaging revealed that MMS-reconstructed
nasal ala maintained 0.5 mm less step-off height and 11%
more dermal volume at 12 months than WLE controls,
translating into a significantly lower observer-rated contour
score (1.3 vs 2.1 on a 0-3 scale; p = 0.002) [59]. Smaller
scars and preserved contour correlate with better Patient and
Observer Scar Assessment Scale (POSAS) values; in the
same series the total POSAS at 6 months was 18.2 for MMS
vs 22.7 for WLE (p < 0.01), driven mainly by lower "relief"
and "surface irregularity" sub-scores [60]. Collectively, these
metrics confirm that the tissue-sparing philosophy of MMS
translates into narrower, shallower, and more natural-looking
scars than the wider, fixed-margin approach of conventional
excision (Table 2).

Table 2: Scar width, surface area, contour deformity, and visual
comparison in MMS and WLE.

Mohs Wide Local .
. . . - Visual
Metric Micrographic Excision Combparison
Surgery (MMS) (WLE) P
Mean |.nlvlcf||ﬂ2§f$'§$
Scar 2.8 mm 4.1 mm . 9
. the difference in
Width )
thickness
Scar Smaller A comparison of a
Surface (38% reduction Larger narrow, elongated
Area compared to excision site versus
WLE) a wider, elliptical site
A bar chart showing
. 90% Patient- | 74% Patient- the significant
Cosmesis N R ) ; e
Rating rated "Good/ rated "Good/ | increase in positive

Excellent" Excellent" patient satisfaction

with MMS

Patient-Reported Cosmesis Scales and Satisfaction
Scores

POSAS: 6-item patient scale (pain, itching, color,
stiffness, thickness, and relief) and 6-item observer scale;
each item 1-10, lower = better [61,62]. SCAR-Q: 29-item
PROM for scars after surgical or traumatic wounds; three
core domains: appearance, symptoms, and psychosocial
Impact; scores 0-100, higher = better outcome [63,64].
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FACE-Q Skin Cancer Module: 41 items evaluating facial
appearance, scar satisfaction, and health-related quality of
life after MMS; validated specifically for NMSC cohorts
[65]. Also, in a prospective 124-patient nasal cohort, the
mean POSAS patient score at 6 months was 18.2 after MMS
versus 22.7 after WLE (p < 0.01); largest differences were in
"stiffness" and "surface irregularity", reflecting the narrower
scar and better contour achieved with tissue-sparing MMS
margins [66]. In addition, using the SCAR-Q Appearance
scale, MMS patients scored a mean of 72/100 compared with
61/100 for WLE (p = 0.004); the 11-point gap exceeds the
minimally important difference (9 points) [67], indicating
a clinically meaningful cosmetic advantage perceived by
patients. FACE-Q Skin Cancer Module data from 1,031
facial MMS cases showed that > 90% of participants rated
their scar as "good" or "excellent", versus 74% after WLE;
multivariable analysis revealed that every | mm reduction in
final scar width increased the probability of a "good/excellent"
rating by 12% [66]. The Skindex-16 scores mirrored that the
mean emotion domain was 8.4 points lower (better) after
Mohs at 24 months, a difference that translates into 0.04
QALYs gained, which is a figure routinely incorporated in
cost-utility models. Therefore, the patient-reported scales
consistently demonstrate that MMS surgery delivers higher
cosmetic satisfaction than WLE for high-risk facial NMSC.
The narrower, flatter scars documented on objective imaging
translate into better POSAS, SCAR-Q, and FACE-Q scores,
supporting both clinical and economic arguments for tissue-
sparing margin control (Figure 4) [68-70].

MOHS MICROGRAFPHIC
SURGERY (MMS)

Recurrence Cost

A <1% +0%
- 5-Year +38% Scar Good/Excellent

Recurrence 1-2 mm Narrower Perobability Per

mm of Width Saved
~$330

25330 Per Patient
LERETR +25,000

Per Patient

Payer Surplus

Figure 4: High-risk facial BCC / ¢SCC in MMS vs. WLE. The
literature comparison of MMS and WLE demonstrates that MMS
provides superior oncologic control, cosmesis, and cost-effectiveness
in BCC / cScc.

Citation: Kimia Heidari, Seyedshayan Shojaei, Haiyue Jin, Devendra K. Agrawal. Mohs Surgery vs. Wide Local Excision for Non-Melanoma Skin
Cancer: Comparing Recurrence Rates, Economic Value, and Aesthetic Outcomes. Journal of Cancer Science and Clinical Therapeutics.

10 (2026): 12-27.



Heidari K, et al., J Cancer Sci Clin Ther 2026
Journals DO|1026502/JCSCt5079281

Impact of Reconstruction Type (primary closure vs.
flap/graft)

When post-MMS defects are < 1-2 cm and lie within
zones of skin laxity, primary closure along relaxed skin-
tension lines produces the narrowest scar, the shortest healing
time (mean 12 days) and the lowest rate of secondary revision
(4%) [66]. Stereophotogrammetry shows scars after linear
closure average 2.6 mm in width and 0.2 mm in contour step-
off, yielding mean POSAS patient scores of 15.1, which is
significantly better than any advanced technique.

However, excessive tension can create dog-ears or
iatrogenic ectropion, so undermining in the subcutaneous or
subgaleal plane is mandatory for defects approaching 2 cm
[71]. Pooled series of 179 nasal intermediate-size defects
reconstructed with bilobe or melolabial flaps revealed 100%
acceptable cosmetic appearance on the Hollander scale versus
75% for full-thickness grafts: visual-analogue cosmesis
averaged 8.1/10 vs 6.4/10 (p = 0.02) [72]. Flaps recruit like-
quality tissue, hide scars along cosmetic unit junctions, and
contract < 5%, maintaining alar contour; yet they add > 1 extra
incision line and carry a 9% risk of partial flap failure or trap-
door deformity, necessitating revision in 6% of cases [73].
Consequently, for superficial 1.5-2.5 cm nasal defects, flaps
offer the best pigment/texture match, while surgeons must
balance an extended scar length against the higher revision
probability. Full-thickness grafts provide rapid coverage
of deep or exposed defects (nasal tip and lower eyelid) and
allow easy tumor surveillance, while hypopigmentation,
plateau-like contraction, and telangiectasia limit final
cosmesis [74]. A systematic review of facial grafts after
MMS reported mean color mismatch of 1.8 points (0-3 scale)
and contour deformity in 28%, pushing the 6-month POSAS
score to 23.5, which was significantly worse than flaps (18.9)
or primary closure (15.4) [75]. Nevertheless, grafts remain
invaluable when flap donor tissue is unavailable or when
post-operative radiotherapy is planned, because they do not
compromise vascularity of surrounding skin. Primary closure
adds = $210 in OR time and suture material, whereas local
flaps increase the procedural charge by $580-950 because of
longer anesthesia and intricate dissection; full-thickness grafts
fall in-between (= $450) when donor-site closure is included
[72]. Crucially, flap revisions cost = $1,600 per episode; thus,
the weighted 5-year episode-of-care cost becomes lowest
for primary closure, intermediate for grafts, and highest for
flaps, although flaps still outperform grafts in patient-valued
cosmesis [73].

Long-Term Quality-of-Life Metrics

EQ-5D-5L tariff at 24 months averaged 0.91 after MMS
vs 0.87 after WLE, yielding 0.04 QALYs gained with
the tissue-sparing approach. Skindex-16 emotion domain
was 8.4 points lower (better) after MMS at 24 months, a
difference that exceeds the minimally important change
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(6 points) and contributes the 0.04 QALY increment used in
cost-utility models. FACE-Q Skin-Cancer Module in 1,031
facial cases showed > 90% of MMS patients rated their scar
“good/excellent” vs 74% after WLE; multivariable analysis
found every 1 mm decrease in final scar width raised the
probability of a “good/excellent” rating by 12%, directly
improving social-function and psychosocial FACE-Q scores.
Women reconstructed after MMS reported significantly
less pain and fewer activity limitations than those treated
with WLE plus graft, achieving better physical-function
summary scores (p = 0.012). A 12-month community study
showed perceived social exclusion fell from 58.8 % to 6%
and witch-craft association dropped from 23% to 7.8% after
successful facial reconstruction, underscoring the long-term
social and cultural benefits of restoring facial form [76].
Improvements plateau at ~ 6 months but persist > 24 months;
no significant deterioration is seen thereafter, confirming that
early cosmesis gains translate into durable QOL dividends.
Tissue-sparing MMS followed by tension-free linear closure
yields the narrowest scar, highest patient-rated cosmesis,
and greatest long-term QOL, while flap/graft salvage still
outperforms leaving large defects un-reconstructed in both
utility and social-reintegration metrics [76].

Comparative Effectiveness Summary

Number-Needed-to-Treat vs. Incremental Cost per
QALY

Number-Needed-to-Treat (NNT) and Incremental Cost-
Effectiveness Ratio (ICER) are complementary metrics
that translate clinical benefit into economic value. For
intermediate-risk (T2a) cSCC, a 5-year Markov model found
that MMS prevents one additional recurrence for every 28
patients treated compared with WLE, yielding an NNT = 28
[15]. At the same time, MMS was $333.83 less expensive per
patient and generated an extra 0.043 QALY (= 2.2 weeks of
perfect health), producing an ICER of =~ $7,822 per QALY,
and dominant (cheaper and more effective). Probabilistic
sensitivity analysis showed that MMS could cost 3.1
times its current price and still remain below the $50,000/
QALY threshold, while the probability of cost-effectiveness
exceeded 99.9%. Population-level extrapolation estimated
annualized savings of $200 million and > 25,000 QALYs if
MMS were adopted for all U.S. T2a lesions, translating into
a budget-impact of roughly ~ $7,800 per QALY gained. For
primary BCC, an earlier Dutch RCT reported an NNT of 34
to avert one recurrence at 5 years, with an ICER of €29,231
(= $32,000) per recurrence prevented, a figure that drops to
€8,094 (= $9,000) when the analysis is restricted to recurrent
BCC, where baseline risk is higher [22,23]. Although these
ratios are higher than for T2a SCC, they still fall well
below conventional willingness-to-pay ceilings, supporting
the value-based use of MMS for high-risk or recurrent
BCC. Collectively, the data show that every 28-34 patient
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switched from WLE to MMS yields one fewer recurrence at
an incremental cost that is either negative or < $10,000 per
QALY, a combination that satisfies both clinical (low NNT)
and economic (low ICER) benchmarks for adopting MMS
micrographic surgery in appropriate patients [22,23].

Subgroup Analyses by Tumor Size, Histologic
Subtype, and Immune Status

Tumor size drives absolute benefit so lesions < 1 cm on
trunk/extremity show < 1% five-year recurrence with either
technique, giving an NNT of 167 that favors WLE, whereas
head-neck tumors 1-2 cm drop from 6.8% recurrence with
WLE to 2.9% with MMS (NNT = 26; ICER = $3,200 per
QALY) [77,21]. For tumors > 2cm, MMS lowers five-year
failure from 12.4% to 4.1%, yielding an NNT of 12 and a
dominant cost profile that saves ~ $400 per case. Histologic
subtype modifies the advantage including superficial
or nodular BCC < lcm shows no significant recurrence
difference, making WLE with 4-mm margins non-inferior,
while micronodular, infiltrative or morphoeic BCC falls from
9.2% recurrence with WLE to 3.8% with MMS (NNT = 19;
ICER = $7,400 per recurrence averted) [78,79]. Desmoplastic
SCC on the lip or ear achieves a three-year local failure
reduction from 18% with WLE to 6% with MMS, producing
an NNT of 9 and a dominant economic profile. Immune-
status enrichment further magnifies benefit so solid-organ
transplant recipients experience 28% of three-year recurrence
with WLE versus 11% with MMS, giving an NNT of 6 and
an ICER of = $5,100 per QALY despite higher baseline
cost [80,81]. Comparable patterns are seen in patients with
chronic lymphocytic leukaemia or on azathioprine, where
NNT = 7 and cost per recurrence averted is =~ $4,800,
confirming that MMS delivers an NNT < 15 and an ICER <
$10,000 per QALY whenever tumor diameter exceeds 2cm,
aggressive histology is present, or immunosuppression exists
[5,82,83,21].

Clinical Guidelines and Real-World Practice
Patterns

International Clinical Guideline Recommendations

In the United States, the 2024 NCCN Guidelines list MMS
(or equivalent complete margin assessment) as "preferred”
for any high-risk BCC or SCC on the head-neck, hands, feet,
pretibia, genitalia, or in immunosuppressed patients, while
WLE is rated "acceptable" only for low-risk trunk/extremity
lesions when > 4 mm clinical margins can be obtained.
The “AAD/ACMS/ASDSA/ASMS 2024 Appropriate-
Use Criteria” assign MMS an appropriateness score of 7-9
(appropriate) for tumors > 6 mm on the mask area, recurrent
lesions, or those with aggressive histology, whereas WLE
scores 4-6 (uncertain) for identical scenarios. Europe
(EADO/EDF/EORTC) and based on 2023 interdisciplinary
consensus mirrors NCCN so MMS is first line for infiltrative,
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micronodular, or morphoeic BCC > lcm on the head-neck,
and for SCC > 2cm or > 4 mm thickness, because it halves
S-year recurrence compared with standard excision while
preserving tissue. The United Kingdom (BAD/BASICS
update) and British Association of Dermatologists stated in
2022 that "micrographically controlled surgery should be
offered to all patients with high-risk facial BCC or SCC,
where tissue conservation is important", explicitly citing
lower recurrence (3.8% vs 9.2%) and narrower scars (2.8
mm vs 4.1 mm) versus WLE. Also, Australia (Australasian
College of Dermatologists) and through 2023 ACD position
paper endorses MMS for tumors in the H-zone, recurrent
lesions, or in immunosuppressed hosts, and recommends
audit of at least 95% complete margin clearance on the same
day to maintain quality benchmarks (Figure 5).

USA (AAD/ACMS 2024):
USA [NCCN 2024): - MK provides the required
Harmaeia on risk stratification [sie 2 2om, complete margin Msrisin
Tt 2 & mm, parinaursl I ELon, IECUTENE,

UK (BAD/BASICS 2022):
Lovwet riouran | L3% vi 9.0 and
R 08 (1.8 v .1 ) s WLE

Eurape (EADO/EDF/EORTC 2023):

Immunaissoreiuon | a4 rievers o MM
X
= « WS habvet Soyear recurrence compared with
isaddard guciucn
UK

EU
USA

Australia (AC0 2023):

=« i compliti marpin dearancs
/ 0 the L day

AUSTRALIA

Figure 5: Key rationale and supporting metrics of MMS and WLE
in NMSC. The eographic evidence reveal that U.S. MMS utilization
is 28% of all NMSC, Europe 8%, and rural Australia only 5%,
which highlighting a need for workforce expansion and equitable
reimbursement.

As the result, all major documents now harmonise on
risk stratification (size > 2 cm, depth > 4 mm, perineural
invasion, incomplete excision, and immunosuppression) as
triggers for MMS, yet geographic disparity persists so U.S.
MMS utilization is 28% of all NMSC, Europe 8%, and rural
Australia only 5%, which highlighting a need for workforce
expansion and equitable reimbursement rather than further
evidence (Table 3) [16,84-86].

Knowledge and Future Research

Directions

Gaps

Randomized Trials vs. Robust Registry Data

Randomized Controlled Trials (RCTs) have long been
considered the gold standard for evaluating therapeutic
efficacy because random allocation minimizes confounding
and maximizes internal validity. However, contemporary
evidence syntheses increasingly recognize that well-curated
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Table 3: International Clinical Guideline Recommendations and supporting metrics in MMS and WLE.

Guideline/Region MMS Recommendation
(Preferred/Appropriate)
Preferred for any high-risk BCC
or SCC on head-neck, hands,
feet, pretibia, genitalia, or in
immunosuppressed patients

United States
(NCCN 2024)

Appropriateness Score 7-9

United States (Appropriate) for tumors = 6 mm on

(AAD/ACMS 2024) the mask area, recurrent lesions, or
those with aggressive histology
First-line for aggressive BCC
Europe (infiltrative, micronodular,
(EADO/EDF/EORTC 2023) morphoeic) > 1 cm on the head-

neck, and for SCC 22 cm or 24 mm
thickness

United Kingdom
(BAD/BASICS 2022)

Should be offered to all patients with
high-risk facial BCC or SCC, where
tissue conservation is important

Endorses MMS for tumors in the
H-zone, recurrent lesions, or in
immunosuppressed hosts

Australia (ACD 2023)

real-world registries can deliver complementary and
sometimes superior external validity, especially when long-
term, large-scale, or rare-event outcomes are required. In the
specific context of NMSC, no multicenter RCT powered for
5-year recurrence has ever compared MMS head-to-head
with WLE. Instead, the field relies on national registries such
as the Swedish NMSC Cohort (> 43,000 lesions) and the
U.S. Medicare SK-NMSC file. Propensity-matched analyses
from these registries reproduce cohort findings of = 50%
lower long-term failure rates with MMS for high-risk facial
tumors, suggesting that rigorous registry data can substitute
for impractical RCTs when protocolized histopathology
endpoints are captured. Registry-based randomized controlled
trials (RRCTs), which embed randomization within an
existing electronic health record, now offer a hybrid solution.
A 2024 methodological review of 162 RRCTs showed median
sample size 1,787 patients, median follow-up 60 months, and
< 1% loss-to-follow-up, figures that exceed most pragmatic
surgical RCTs. Independent audits of registry entries against
source documents confirm diagnostic accuracy > 95% for
major endpoints such as local recurrence or death, indicating
that bias magnitude is comparable to traditional RCTs, while
external validity is markedly higher. Limitations of registries
include coding errors, under-recording of mild events, and
time-delayed data entry; nevertheless, both the U.S. FDA and
the European Medicines Agency (EMA) now accept registry-
derived confirmatory evidence provided pre-specified data-
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WLE Recommendation
(Acceptable/Uncertain)

Key Rationale and
Supporting Metrics

All major documents harmonize on risk
stratification (size = 2 cm, depth 2 4
mm, perineural invasion, recurrence,
immunosuppression) as triggers for

MMS

Acceptable only for low-risk
trunk/extremity lesions when
= 4 mm clinical margins can be
obtained

Score 4-6 (Uncertain) for
identical high-risk scenarios

MMS provides the required complete
margin assessment

MMS halves 5-year recurrence
compared with standard excursion
while preserving tissue

Standard excision (WLE) is
used for lower-risk lesions

Cited lower recurrence (3.8% vs 9.2%)
and narrower scars (2.8 mm vs 4.1
mm) versus WLE

WLE is generally reserved for
low-risk lesions

Recommends audit of at least 95%
complete margin clearance on
the same day to maintain quality
benchmarks

WLE is used for low-risk lesions
outside the H-zone

quality plans and risk-of-bias assessments are included.
Therefore, RCTs remain the theoretical gold standard, while
the absence of recurrence for MMS and WLE within 5-years is
unlikely to be remedied because very large samples (> 10,000
patients) and decades of follow-up would be required. High-
quality registries (with propensity or instrumental-variable
adjustment or embedded randomization) currently supply
Level-I-equivalent evidence for policy, reimbursement, and
guideline decisions in NMSC care [87-94].

Patient-Centered Outcomes and Shared Decision-
Making

Patient-centered outcomes place the individual’s values,
expectations and quality-of-life goals at the center of the
treatment choice between MMS and WLE. Recurrence
anxiety dominates patient-reported concerns. In a prospective
cohort of 1,488 primary NMSCs, 5-year recurrence rates
were statistically equivalent (MMS 2.1%, WLE 3.5 %, p =
0.26), yet patients who underwent MMS expressed greater
peace-of-mind, citing “clear margins the same day” as a key
reassurance factor [95,33]. Cosmesis and scar burden heavily
influence choice. About 90% of MMS patients rated their
facial scar “good/excellent” versus 74% after WLE; every |
mm reduction in final scar width increased the probability of
a positive rating by 12%, directly improving social-function
and psychosocial FACE-Q scores [96-98]. Economic
toxicity is weighed differently by patients. Although MMS
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carries a higher upfront price, 67% of respondents preferred
MMS when informed that revision risk is halved, citing
lower lifetime bother and fewer days off work [33]. Shared
decision-making (SDM) tools improve congruence. A 2023
RCT showed that patients who used a web-based MMS-vs-
WLE decision aid had significantly lower decisional conflict
scores (16.4 vs 25.1, p < 0.01) and higher knowledge scores
(83% vs 62%) compared with usual counselling [99,96].
Immunosuppressed patients value rapid cure. Solid-organ
transplant recipients prioritize lowest possible recurrence;
when informed that MMS reduces 3-year failure from 28%
to 11%, > 80% chose MMS even when offered higher co-
payments [33]. Embedding cosmesis, cost, convenience, and
anxiety into interactive decision aids and routine scar-QOL
conversations ensures that patient-valued outcomes, not just
surgeon preferences, drive the choice between MMS and
WLE [99,100].

Emerging Technologies (3D margin mapping,
confocal intraoperative imaging)

Traditional MMS relies on frozen-section histology;
however, novel 3D mapping platforms and Reflectance
Confocal Microscopy (RCM) now allow real-time, non-
invasive margin assessment with cellular-level resolution,
potentially reducing the number of excision stages and
shortening theatre time while preserving tissue.

A. 3D Digital Margin Mapping

Cloud-based photographic mapping systems create
stereoscopic 3D models of the surgical site; laboratory
staff annotates tumor-positive edges directly on the rotating
digital model, eliminating hand-drawn paper maps and
cutting transfer errors to < 1% [101]. Integration with deep-
learning edge-detection software (whole-slide CNN) enables
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automated flagging of residual BCC islands; pilot studies
show sensitivity 96% and specificity 92% compared with
gold-standard frozen sections, saving an average of 0.7 MMS
stages per case [102].

B. Reflectance Confocal Microscopy (RCM)

Ex vivo RCM of fresh MMS sections (fluorescein-
enhanced) provides horizontal en-face images at 0.5 pm
resolution; a 10-year meta-analysis of > 1,900 lesions
demonstrated negative predictive value of 98% for residual
BCC, allowing one-stage MMS completion when RCM shows
no tumor. Intra-operative in vivo RCM using hand-held 30X
objective probes permits bedside margin scanning; feasibility
series in facial lentigo maligna showed 89% concordance
with frozen sections and reduced mean operative stages from
2410 1.6 (p<0.01)[103].

C. Optical Coherence Tomography (OCT)

High-resolution OCT (axial 10 um, 1.5 mm depth) is
being piloted to pre-map sub-clinical extension before the
first MMS stage; prospective cohort of 168 superficial BCCs
revealed diagnostic accuracy 91%, guiding a smaller primary
excision and conserving 25% more normal tissue [103].

D. Multimodal Fusion and Al Integration

Combined RCM and OCT devices provide cellular
detail plus cross-sectional architecture; early reports show
diagnostic confidence scores rise from 74% to 93% when
machine-learning algorithms fuse both modalities, halving
equivocal margin calls. Digital staining algorithms convert
grey-scale confocal stacks into H&E-like color maps,
shortening learning curves for novice MMS surgeons and
facilitating tele-MMS consultations (Table 4) (Figure 6)
[103].

Table 4: Emerging technologies and clinical impacts in MMS and WLE.

Technology Mechanism / Application Stage

Cloud-based photography creates

3D Digital Margin stereoscopic 3D models for precise, digital

Mapping annotation of margins. Integrated with Deep-
Learning (CNN) for automated tumor flagging

Reflectance Provides horizontal, en-face imaging at
Confocal 0.5 pum resolution (ex vivo or in vivo), offering

Microscopy (RCM) cellular-level margin assessment without

freezing

Optical Coherence
Tomography (OCT)

High-resolution cross-sectional imaging (axial
10 pm, up to 1.5 mm depth) used to pre-map
sub-clinical extension

Machine Learning algorithms fuse RCM and
OCT data, plus apply "Digital Staining" to
images

Multimodal Fusion &
Al Integration

Diagnostic accuracy of 91% for

Diagnostic confidence scores
rise from 74% to 93%. Halves

Quantitative Benefit /

Performance Clinical Impact

Cuts map transfer errors to
<1%

Saves an average of 0.7 MMS stages
per case. Achieves 96% sensitivity /
92% specificity (BCC)

Negative predictive value of

98% for residual BCC Reduces mean operative stages from

2.4t0 1.6 (p < 0.01) and facilitates one-
stage clearance

Guides a smaller primary excision,

superficial BCC conserving 25% more normal tissue

Shortens learning curves for novice
surgeons and facilitates tele-MMS

equivocal margin calls consultations
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Figure 6: Quantitative Benefit / Performance associated to emerging
technologies in MMS vs. WLE. The 3D digital margin mapping,
RCM, OCT, and multimodal fusion and Al integration have shown
cuts map transfer errors to < 1%, negative predictive value of 98%
for residual BCC, diagnostic accuracy of 91% for superficial BCC,
and diagnostic confidence scores rise from 74% to 93%, respectively.

Table 5: Future Perspective of MMS and WLE.

No. Feature Mohs Micrographic Wide Local
Surgery (MMS) Excision (WLE)
Excision Staged, Tissue- Single-Stage,
! Strategy Sparing Excision Fixed-Margin
Excision
Sampling of
2 Margin 100% Margin Margins (typically
Assessment Mapping <1% of total

perimeter)
Bread-Loaf Paraffin
Section (Delayed
analysis of a
sampled portion of
the margins)

Horizontal Frozen-
Section (Rapid,
same-day analysis
of the entire base
and perimeter)
Clearance
Confirmed:
Complete. If
cancer is found, an

3 Histopathology

Clearance
Assumed: If cancer
is found (positive
margin), the

4 Process additional, precise . )
. . . | patient requires a
stage is excised until
) separate, second
margins are clear )
) ) surgery (Tissue
(Tissue Preservation
I Loss Increased).
Maximized).
Conclusion

For every 28 patients with high-risk facial or recurrent
BCC or SCC, who are offered MMS instead of WLE, one
additional five-year recurrence is averted [15], and the
procedure does so while conferring scars that are on average
one to 2 mm narrower and occupy a surface area that is 38%
smaller than those produced by conventional excision [58]
each mm of scar width saved translates into a 12% increase
in the probability that the patient will rate the cosmetic result
as good or excellent, a benefit that persists for at least 24
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months and contributes an additional 0.04 quality-adjusted
life-year per individual [59]. Although the upfront facility
fee is higher, the bundled same-day pathology and the
lower probability of revision surgery mean that MMS is the
dominant economic option, saving roughly $330 per patient
over 5 years, while simultaneously improving quality of life
[66]. From a payer perspective, universal adoption of MMS
for all intermediate-risk ¢SCC in the U.S. would generate
an annual budget surplus of = $200 and release more than
25,000 quality-adjusted life-years back to the population,
producing a net cost of minus $7,800 per quality-adjusted
life-year gained [76] the strategy remains cost-effective even
if reimbursement rates were to triple, and it aligns with the
harmonized risk-stratified recommendations now issued by
the NCCN, EADO, and BAD [84,95,86]. Expanding MMS
capacity in underserved regions, therefore offers health
systems an opportunity to reduce costly revision surgeries,
hospital episodes, and the indirect societal expenses that
accrue from travel, caregiver time, and lost productivity [104-
106]. while ensuring that patients receive the most clinically
effective and aesthetically acceptable care currently available
for non-melanoma skin cancer (Table 5) (Figure 7) [107].

Future work will embed randomization within living
NMSC registries to deliver definitive long-term comparisons
at minimal cost, while Al-driven 3D Margin Mapping and
handheld confocal probes reduce MMS stages to a single
thirty-minute cycle without compromising the sub-one-
percent recurrence benchmark; patient-specific apps that
integrate real-time cost, cosmesis and risk data will shift
shared decision-making from the clinic desktop to the
patient’s smartphone, and payer contracts will increasingly
link reimbursement to both oncological clearance and
validated cosmetic scores, ensuring that continuous learning
systems update margin and technology recommendations
Advanced MMS & Al
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Making Apps
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Figure 7: The future perspective of MMS and WLE in skin cancer.
In the future, research, 3D Al margin mapping, and the empowering
of the patients and related payments are approaching patient-specific
shared decision-making through Apps usages.
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within months so every individual receives the most effective,
economical and aesthetically acceptable care available.

Key Points

e MMS recurrence < 1% vs WLE 3-5% in high-risk facial
NMSC, ensuring superior control

¢  MMS scars 1-2 mm narrower and 38% smaller surface
area, improving cosmetic outcomes

*  MMS saves =~ $330 per patient and gains 0.04 QALY over
five years of follow-up

* Population-level MMS adoption saves = $200M annually
and prevents > 25,000 QALY's

*  >90% MMS patients rate scars “good/excellent” vs 74%
after WLE, confirming advantage.
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