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M
ohs micrographic surgery (MMS) is a de�nitive treatment for 
many forms of skin cancer, combining complete margin control 
with tissue preservation and excellent cosmetic outcomes. As 

skin cancer incidence climbs with an aging population and the therapeutic 
landscape broadens, the specialty faces intersecting pressures. Herein, we 
highlight several forces shaping MMS practice, including the evaluation of 
clinical stewardship, emergence of systemic therapies, digital innovation, and 
new workforce and economic realities with implications for practice, policy, 
and training.

UTILIZATION AND APPROPRIATE USE
Use of MMS increased substantially from the mid-1990s through 

2009,1,2 prompting the development of the 2012 Appropriate Use Criteria 
(AUC) from the AAD/ACMS/ASDSA/ASMS Task Force.3 The AUC provided 

a uni�ed framework that rates more than 270 tumor-site clinical 
scenarios by appropriateness and was designed as a stewardship tool that 
concentrates MMS where comprehensive margin control most improves 
outcomes—high-risk histology, head and neck subsites, and recurrent 
disease—while complementing, not replacing, clinician judgment. 

Framed correctly, the AUC supports consistent, evidence-concordant 
selection without fully functioning as a cost-containment proxy.2 The core 
challenge is preserving the value of MMS while employing alternatives 
(ie, wide local excision, electrodesiccation and curettage, topical therapy) 
when outcomes are comparable in truly low-risk disease.

CLINICAL EFFECTIVENESS, SAFETY, AND OUTCOMES
Evidence continues to support the high-volume, high-impact role 

of MMS. Across randomized and long-term prospective studies, MMS 
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provides lower or at least noninferior recurrence 
than excision for both basal cell carcinoma 
(BCC) and high-risk cutaneous squamous cell 
carcinoma (cSCC).4–8 MMS is also increasingly 
used for melanoma in situ (MIS)/lentigo 
maligna and thinly invasive melanomas on 
the head and neck, where standard 5-mm 
�xed margins are often inadequate and 
wider excision risks functional or cosmetic 
impairment.9,10 

In a multicenter cohort comprising >20,000 
MMS cases, adverse events occurred in <1%, 
with complications being exceedingly rare,11 
thus illustrating its utility in an outpatient 
setting. Among Medicare bene�ciaries in 
2009, approximately 558,447 MMS cases were 
performed, with a mean of 1.75 stages per 
tumor, and most patients received same-day 
reconstruction.12 Taken together, these data 
justify MMS as the preferred technique in 
de�ned high-risk scenarios.

COMPETING AND COMPLEMENTARY 
THERAPEUTIC MODALITIES

Systemic and targeted therapies for 
cutaneous malignancies have reshaped the 
therapeutic landscape (Table 1). Hedgehog 
inhibitors (vismodegib, sonidegib)13 and 
programmed cell death-1 (PD-1) blockade 
(cemiplimab, pembrolizumab)13 expand options 
for advanced or unresectable disease and 
can be deployed neoadjuvantly to facilitate 
removal of complex tumors, with both 
durable and impressive response rates.14,15 
Yet, therapy-induced �brosis or regression 
can complicate intraoperative histologic 
interpretation, underscoring the need for close 
collaboration among surgeons, oncologists, and 
dermatopathologists. 

The use of super�cial radiation therapy 
(SRT), including electronic brachytherapy and 
“image-guided” variants, in the treatment of 
keratinocyte carcinomas has risen dramatically.16 
While its use is appropriate for poor surgical 
candidates or patients who decline surgery,16,17 
unlike MMS, SRT lacks histologic margin 
control, generally demonstrates higher 5-year 
recurrence rates than MMS in high-risk facial 
tumors,18 requires multifraction courses, and 
can carry delayed adverse e�ects (eg, atrophy, 
dyspigmentation, telangiectasia, �brosis). 
Medicare analyses have also shown higher total 
spending for SRT than for MMS, with image 
guidance adding further expense.16,17 When 

de�nitive radiation is indicated, conventional 
external-beam radiation therapy delivered by 
board-certi�ed radiation oncologists remains 
the standard for deeper or high-risk disease 
(eg, named-nerve or large-caliber perineural 
invasion, postoperative adjuvant indications), 
whereas SRT may be a modality suited for 
shallower targets. Accordingly, MMS remains as 
a �rst‑line option when surgery is feasible and 
indicated; SRT and systemic targeted therapy 
serve selective de�nitive, neoadjuvant, or 
adjuvant roles.

EMERGING USE OF BIOMARKERS
Circulating tumor DNA (ctDNA) is emerging 

as a surveillance and molecular residual disease 
(MRD) biomarker in cutaneous oncology. In 
resectable stage III melanoma, serial ctDNA 
dynamics independently predict recurrence and 
complement imaging,19 while a prospective 
multicenter study in Merkel cell carcinoma 
showed ctDNA detects MRD and anticipates 
clinical relapse, supporting risk-adapted 
surveillance pathways.20 Early cSCC reports 
demonstrate feasibility and signal sensitivity 
in advanced disease,21,22 and ongoing trials 
are evaluating postoperative ctDNA to detect 
residual disease—use cases that may better 
stratify and triage for very-high-risk Mohs 
cohorts and open multidisciplinary discussions 
surrounding the need for surveillance imaging 
and adjuvant therapy.

Gene expression pro�les (GEPs) have also 
re�ned preoperative risk strati�cation. In 
melanoma, the validated 31-gene assay 
provides independent prognostic information 
beyond clinicopathologic staging, whereas 
in cSCC, the validated 40-gene assay 
independently predicts nodal/metastatic 
events and can augment staging to guide 
selective imaging, nodal evaluation, and 
adjuvant radiation decisions when integrated 
with clinicopathologic risk.23,24 The National 
Comprehensive Cancer Network (NCCN) 
Cutaneous Melanoma Guidelines now recognize 
the Merlin CP-GEP assay as an appropriate 
molecular test for shared decision-making 
regarding Sentinel Lymph Node Biopsy in select 
T1b and T2a melanoma patients. As precision 
medicine continues to evolve, the future of MMS 
will not only involve greater interdisciplinary 
coordination and decision-making but also 
emphasize the importance of Mohs surgeons in 
serving as experts in cutaneous oncology.

IMMUNOHISTOCHEMISTRY (IHC) 
IN MOHS

Selective use of IHC (MART-1, SOX10, PRAME 
for melanoma25; CD34 for dermato�brosarcoma 
protuberans; cytokeratins/p63 for poorly 
di�erentiated keratinocyte carcinomas and 
adnexal neoplasms26) improves diagnostic 
sensitivity when hematosylin-eosin is equivocal, 
thereby preventing undertreatment and 
preserving tissue in constrained sites. IHC, 
however, prolongs intraoperative time, adds 
appreciable cost, requires specialized platforms 
and protocols that a�ect laboratory �ow, 
and may demand dermatopathologist-level 
interpretation. Adoption is expanding,27 and  

therefore, fellowship training should not only 
consider de�ning minimum IHC training, 
competencies, and case-log expectations but 
also committees to formalize panel selection 
and indications, stain interpretation and 
common artifacts, laboratory work�ows and 
quality control, documentation, billing, and 
compliance. Ongoing research on outcomes can 
quantify the impact of IHC on recurrence, tissue 
preservation, and reconstructive complexity 
and link these bene�ts to the work and expense 
(added histotechnologist time, reagents, 
equipment depreciation) so that payment and 
policy accurately re�ect the true demands of 
modern MMS.

VALUE, PAYMENT HEADWINDS, AND 
PRACTICE ECONOMICS

MMS is cost e�ective—and often cost 
saving—once recurrence, re-excision, and 
reconstruction factors are incorporated.28–32 
Ambulatory site-of-service concentrates value 
by enabling same-day repair without facility or 
anesthesia fees and minimizing indirect costs 
(travel, time away from work/caregiving).33 
Despite expanding use in an aging population,2 
in�ation-adjusted reimbursement has declined 
steadily by more than 14% for stages and 15% 
to 20% for �aps/grafts since 2007.34 Meanwhile, 
clinician work (frozen-section interpretation, 
staged mapping, on-table reconstruction) 
and practice expense (eg, consumables, 
histotechnologists, medical support sta�, stains, 
cryostats, microscopes) remain substantial. 
Recent fee schedule rulemaking has prioritized 
“e�ciency adjustments,” and continued 
economic compression will accelerate practice 
consolidation and procedural diversi�cation. 
Safety-net and small practices may become 



75JCAD  JOURNAL OF CLINICAL AND AESTHETIC DERMATOLOGY  September 2026 • Volume 19 • Number 9

R E V I E W

incentivized to chase volume or shift payer 
mix. Therefore, payment should re�ect sta�, 
supplies, and equipment that enable safe and 
e�ective MMS. To align with value-based care 
models (Table 2),35 the �eld should standardize 
practical outcome sets such as recurrence, 
function, cosmesis, return-to-activity, and 
patient-reported outcomes—captured by 
low-friction methods (eg, short message system 

[SMS]) to inform quality improvement and 
payer dialogue.

CONSOLIDATION AND PRIVATE 
EQUITY (PE)

Dermatology has been a leading target for 
PE acquisitions over the past decade,36 which 
has been associated with increased healthcare 
spending and higher encounter volumes.37 

For MMS, consolidation and scale can provide 
negotiating leverage, capital for technology, and 
administrative relief36 but impose productivity 
targets, downstream service steering, or 
narrower networks that may not always align 
with AUC stewardship as well as patient or 
community needs. Mohs surgeons will need to 
weigh the impact of these e�ects at the expense 
of autonomy over case selection, scheduling/
patient �ow, and participation in teaching/
tumor boards, which are core to quality and 
providing ideal patient care. Regulations, 
additional governance safeguards, and 
transparent outcomes may be needed to better 
align �nancial incentives with the preservation 
of clinician autonomy.38

DIGITAL INNOVATION: TELEMEDICINE, 
ARTIFICIAL INTELLIGENCE (AI), AND 
MIXED REALITY

Teledermatology has found meaningful 
application in the perioperative continuum 
of MMS, including preoperative triage to 
postoperative wound surveillance, with strong 
patient satisfaction, safety, and comparable 
complication detection rates.39,40 Virtual 
touchpoints reduce travel barriers, particularly 
for older or mobility-limited populations. 
Beyond telehealth, AI and extended reality 

TABLE 2. Proposed outcome and quality measures for Mohs micrographic surgery (MMS)

QUALITY MEASURE DEFINITION/CAPTURE CLINICAL RELEVANCE

Local control (5‑year 

recurrence)
Clinicopathologic follow‑up; registry linkage Primary oncologic endpoint

Functional outcome Site‑speci�c scales; clinician‑reported Preserves airway/vision/oral competence

Cosmetic outcome
Patient and Observer Scar Assessment Scale 

(POSAS) at 3 to 12 months
Patient‑perceived quality

Return to usual 

activity
Days to return (self‑reported) Economic/quality‑of‑life signal

Complications Infection, hematoma, dehiscence (30 day)

Safety benchmark; targeted quality 

improvement (reduce unscheduled acute 

care utilization); supports o�ce-based 

care quality

Re‑excision/

reconstruction
Unplanned returns; secondary repairs Minimize unplanned re-excision, revisions

Total encounter cost

Total paid amount over an episode window 

(eg, index date to 30–90 days), including index 

procedure, pathology, repair, complications, and 

downstream procedures. Data sources: claims 

(payer) or internal cost accounting.

Value-based contracting; compares 

modalities (MMS vs excision/radiation 

therapy) on total spending, not single 

codes

TABLE 1. Competing and complementary therapeutic modalities for NMSCs

MODALITY PRIMARY ROLE
MARGIN 

ASSESSMENT
TYPICAL USE CASE KEY ADVANTAGES KEY LIMITATIONS/RISKS

MMS De�nitive local therapy

Complete 

intraoperative 

histology

High-risk histology; recurrent 

tumors; cosmetically/

functionally critical sites

Highest local control in 

indicated settings; tissue 

sparing; single-episode care 

with same-day repair

Requires specialized training/team; practice 

expense (histotechnologist, stains, cryostat); 

documentation burden

Standard excision De�nitive local therapy

Postoperative 

bread-loaf 

histology 

(sampling)

Low-risk tumors; 

noncritical sites

Widely available; 

straightforward work�ow

Less complete margin assessment; re-excision 

may be needed; larger margins may increase 

morbidity

SRT

De�nitive RT when 

surgery declined/

contraindicated

None

Frail/anticoagulated patients; 

refusal of surgery; select 

super�cial tumors

Noninvasive; favorable early 

cosmesis in selected cases

Multifraction course; late e�ects (atrophy, 

dyspigmentation, telangiectasia, �brosis); 

salvage surgery more complex; total episode 

cost often higher

Conventional EBRT 

(radiation oncology)

De�nitive/adjuvant 

RT (including deep/

high-risk)

None

Adjuvant indications (eg, 

extensive PNI); deep targets; 

unresectable positive margins

CT-based planning and �eld 

design; standard for deep/

adjuvant scenarios

Facility-based logistics; late e�ects; requires 

radiation oncology expertise and coordination

Hedgehog inhibitors Systemic (BCC) N/A

Locally advanced/metastatic 

or unresectable BCC; select 

neoadjuvant downstaging

Tumor regression can 

facilitate surgery/RT

Adverse e�ects and discontinuation; resistance; 

therapy-induced histologic changes may 

complicate frozen interpretation

PD-1 inhibitors Systemic (cSCC) N/A
Unresectable/metastatic cSCC; 

select neoadjuvant strategies

Durable responses in 

advanced disease

Immune-related adverse events; response 

heterogeneity; regression e�ects on histology

BCC: basal cell carcinoma; cSCC: cutaneous squamous cell carcinoma; CT: computed tomography; EBRT: external-beam radiation therapy; MMS: Mohs micrographic surgery; N/A: not 

applicable; NMSC: nonmelanoma skin cancer; PD-1: programmed cell death-1; PNI: perineural invasion; RT: radiation therapy; SRT: super�cial radiation therapy
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platforms are poised to rede�ne surgical 
training and scheduling, work�ow, and 
patient engagement (Table 3).41–44 Early 
AI models show promise as second readers 
for frozen sections and have demonstrated 
high accuracy in detecting keratinocyte 
carcinoma and delineating tumor margins on 
histopathology,45–48 suggesting the potential for 
e�ciency gains and supporting intraoperative 
decision-making. Preoperative optical imaging, 
whether by optical coherence tomography 
or re�ectance confocal microscopy, can also 
help delineate lateral tumor margins and 
subclinical extension with concordance to 
histopathology, thereby reducing Mohs stages 
and better estimating defect size.49,50 Virtual 
and augmented reality (VR/AR) technologies 
are emerging as immersive training tools and 
intraoperative adjuncts, with pilot studies 
demonstrating growing applications in 
3-dimensional reconstructive planning.51 In any 
scenario, digital integration must be evidence 
based and patient centered to enhance, 
rather than supplant, surgical judgment 
and humanism.

ACCESS AND WORKFORCE 
DISTRIBUTION

Geographic and payer-related disparities 
persist. Medicaid bene�ciaries often travel 
farther or longer to reach an in-network 
Mohs surgeon,52 and county-level analyses 
identi�ed pronounced access gradients.53 
Forecasts predict worsening rural workforce 
shortages, with demand that will continue to 
outstrip supply in nonmetropolitan regions 

even under scenarios of increased overall 
dermatologist numbers.54 Delayed diagnosis 
and treatment can lead to enlarged tumors 
that increase reconstructive complexity and 
costs.55 Policies that broadly devalue o�ce-
based MMS would predictably widen inequities 
by rendering Medicaid and rural practice less 
viable. Solutions include (1) payer contracting 
strategies that expand Medicaid participation 
where feasible, (2) targeted outreach clinics or 
rotating rural sessions, (3) training pipelines 
that preferentially recruit and support trainees 
with rural ties, and (4) tele-enabled triage and 
postoperative follow-up to reduce travel burden.

FELLOWSHIP TRAINING AND REVISED 
CURRICULUMS

The next generation of Mohs surgeons must 
navigate evolving tumor biology, systemic 
therapy paradigms, and digital integration. 
Furthermore, rising case complexity, expanding 
reconstruction repertoire, integration of IHC, 
and perioperative medical optimization will 
require comprehensive fellowship training.56 
Fellowship programs, accrediting bodies, 
and societies can facilitate the growth of the 
profession by (1) exposing trainees to rural 
rotations and tele-supported practice models; 
(2) building curricular elements on health 
systems science (contracts, payer policy, 
AUC-based stewardship); (3) promoting 
research and quality improvement projects 
that center on access, appropriateness, and 
long-term outcomes rather than solely 
short-term volume metrics; (4) incorporating 
multidisciplinary oncologic, radiation oncology, 

and surgical training into fellowship curricula; 
and (5) promoting the responsible adoption of 
emerging technologies.

CONCLUSION
Mohs micrographic surgery stands at a 

de�ning juncture: anchored in its unparalleled 
precision yet surrounded by rapid change. As 
reimbursement declines and systemic therapies 
expand, the �eld must rea�rm its delivery 
of curative, tissue-sparing outcomes and 
surgical artistry. AI-assisted histology and AR 
visualization o�er opportunities to enhance 
e�ciency, education, and patient experience, 
but they must be integrated thoughtfully to 
preserve the patient-physician connection at 
the heart of MMS. The future of Mohs surgery 
will rely on embracing collaboration across 
specialties, technologies, and geographies.
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