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ABSTRACT

Background: Surgical excision is the reference treatment for basal cell carcinoma
(BCC), but energy-based and ablative therapies, including photodynamic therapy,
radiotherapy and brachytherapy, laser ablation, electrochemotherapy and curettage-
based destruction, are increasingly used.

Objective: To quantify the loss of tumour control and the cosmetic gain of these
therapies relative to excision.

Methods: PubMed/MEDLINE, Scopus, Europe PMC and ClinicalTrials.gov were
searched from inception for randomised and non-randomised controlled studies
comparing these therapies with excision for primary BCC. The primary outcome was
treatment failure. Risk ratios (RR) were pooled with Mantel-Haenszel random-effects
models, and certainty was graded with GRADE.

Results: Fourteen studies (11 randomised) were included; 12 studies with 1,737
lesions or patients informed the primary outcome. In randomised trials, failure was
more frequent after ablative therapy (RR 5.34, 95% CI 2.76 to 10.33; 12=23.3%j;
moderate certainty). Across all studies the RR was 3.26 (95% CI 1.47 to 7.23;
prediction interval 0.27 to 40.00), an absolute excess of 7.6 failures per 100 tumours;
heterogeneity (12=60.3%) was explained by study design. Early failure and late
recurrence also increased. Good or excellent cosmesis was more frequent after
photodynamic therapy in two trials (RR 1.87, 95% CI 1.54 to 2.26; low certainty), but
not after radiotherapy or cryosurgery.

Conclusion: Energy-based and ablative therapies increased the risk of treatment
failure five-fold in randomised trials, while photodynamic therapy improved
cosmesis. Excision should remain first-line when tumour control is the priority; non-
surgical options suit selected thin, low-risk tumours or patients unfit for surgery, with
imaging-supported selection and surveillance.

All authors have reviewed and approved the final version of the manuscript.

1. Introduction

and frequently multimorbid, treatment burden and quality
of life have become central to management decisions.-11

Basal cell carcinoma (BCC) is the most frequently
diagnosed malignancy in fair-skinned populations, and
registry studies published in the last five years showed
that its incidence was still rising. A nationwide Swedish
registry reported increasing incidence with a faster rise
among women and among aggressive histological
subtypes,! Norwegian pathology data showed that
tumour-based incidence almost doubled between 2012
and 2022,2 and a regional Spanish registry estimated a
crude incidence of 410 tumours per 100,000 person-years
with an annual increase of 3.91%.2 Comparable trends
were documented in England, Wales and Asia. Incidence
among Chinese Singaporeans rose 2.5-fold over five
decades, and a quarter of Thai patients already had large
tumours at first presentation.*-7 Global Burden of Disease
modelling projected a further expansion of the burden
among adults aged 55 years or older,® and the Welsh
cohort alone generated surgical costs of GBP 119-164
million over 18 years.®> Because most patients were elderly

Conventional surgical excision with predetermined
margins remained the reference treatment, but it was not
free of limitations. Contemporary surgical series reported
incomplete excision in 16.9% of nasal tumours, with
recurrence of 24.1% after non-radical versus 6.3% after
radical excision,'? and identified multifocality, depth of
invasion and facial location as independent predictors of
involved margins.13-15 Re-excision, frozen-section control
or close surveillance were each proposed for
compromised margins.!®'7 In parallel, a broad group of
non-surgical energy-based and physically ablative
therapies expanded. Photodynamic therapy (PDT) with
aminolevulinic acid (ALA) or methyl aminolevulinate
(MAL) was refined through simplified, fractionated and
new-formulation regimens tested in randomised trials,8-
21 while superficial and image-guided radiotherapy and
high-dose-rate surface-mould brachytherapy, including
customised  three-dimensional-printed  applicators,
reported high local control in patients unsuitable for
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surgery.?2-26 Ablative lasers, cryosurgery, curettage-based
techniques and electrochemotherapy completed the non-
surgical repertoire.?7-31

Imaging has become increasingly integrated into this
therapeutic  pathway. High-frequency ultrasound
measured the deep margin of BCC with 91% accuracy and
correlated closely with  histological depth,3233
discriminated invasive from non-invasive subtypes,3+35
and line-field confocal optical coherence tomography
identified BCC subtypes with 90% agreement with
histology.3637 Such tools were used to select thin tumours
for PDT, to monitor response and to guide laser ablation,
which reported one recurrence per 100 person-years
under combined reflectance confocal microscopy and
optical coherence tomography guidance.383° The decisive
clinical question, however, was how much tumour control
was sacrificed when an energy-based or ablative option
replaced excision. Previous evidence syntheses addressed
single modalities, such as laser ablation* or
photodynamic therapy,#-4* and none compared the
energy-based and ablative class as a whole with excision.
Since those syntheses, randomised trials with five-year
and ten-year follow-up and a trial of curettage with
electrocoagulation were published, but they had not been
pooled with the earlier radiotherapy, cryosurgery, laser
and electrochemotherapy trials, nor with contemporary
comparative cohorts in which imaging informed the choice
of treatment.

Radiology and imaging services now contribute to several
steps of this pathway. Image-guided superficial
radiotherapy uses high-resolution dermal ultrasound to
visualise the tumour before and during treatment,??
brachytherapy increasingly relies on three-dimensional
planning and printed surface applicators,264* and
ultrasound or optical imaging is used to estimate depth
before photodynamic or laser treatment and to follow
response afterwards.333845 Defining how much tumour
control is exchanged for tissue preservation is therefore a
question that is shared by dermatologists, surgeons,
radiation oncologists and radiologists.

The novelty of this study lies in three features that
previous syntheses did not combine: a single common
comparator, surgical excision, applied to the whole class of
energy-based and physically ablative therapies; explicit
separation of randomised from non-randomised evidence;
and the inclusion of trials and cohorts published between
2020 and 2025, among them the five-year curettage-
imiquimod and ten-year photodynamic trials and imaging-
selected laser ablation. The aim of this study was to
estimate the relative and absolute risk of treatment failure
(residual or recurrent tumour) of energy-based and
ablative destructive therapies compared with surgical
excision for primary BCC, to explore whether the effect
differed by design, modality, subtype and follow-up, and to
evaluate early clearance, late recurrence, cosmetic
outcome and wound infection, grading the certainty of
each finding.

2. Methods

Study design and registration. This systematic review
and meta-analysis was conducted and reported in
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accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) 2020
statement.*®¢ The eligibility criteria, outcomes, effect
measure and subgroup variables were specified before
data extraction. Ethical approval was not required because
only published aggregate data were analysed.

Search strategy. MEDLINE was searched through
PubMed, Scopus was searched directly, non-MEDLINE
journal content was searched through Europe PMC, and
ClinicalTrials.gov was searched for registered trials, all
from inception without language restriction. The PubMed
strategy combined Medical Subject Headings and free-text
terms for basal cell carcinoma, for each energy-based or
ablative modality and for surgical excision, with a
randomised-trial filter:
("Carcinoma, Basal Cell"[Mesh] OR "basal cell carcinoma"[tiab] OR
"basal cell carcinomas”[tiab] OR basalioma*[tiab] OR "rodent
ulcer"[tiab]) AND ("Photochemotherapy"[Mesh] OR photodynamic[tiab]
OR aminolevulin*[tiab] OR aminolaevulin*[tiab] OR
"Radiotherapy"[Mesh] OR radiotherapy(tiab] OR "radiation
therapy"[tiab] OR brachytherapy[tiab] OR contactherapy|tiab] OR
"Lasers"[Mesh] OR laser*[tiab] OR "Cryosurgery"[Mesh] OR
cryosurg*[tiab] OR cryotherap*[tiab] OR curettage[tiab] OR
electrodesiccation[tiab] OR electrocoagulation[tiab] OR
electrosurg*[tiab] OR ablation[tiab] OR ablative[tiab]) AND ("Surgical
Procedures, Operative”[Mesh] OR surgery/[tiab] OR surgical[tiab] OR

excision*[tiab] OR excised[tiab]) AND (randomised controlled trial[pt]
OR controlled clinical trial[pt] OR random*[tiab] OR trial[ti])

("basal cell carcinoma"[tiab]) AND (photodynamic[tiab] OR
radiotherapy(tiab] OR "radiation therapy"[tiab] OR brachytherapy/tiab]
OR laser[tiab] OR cryosurg*[tiab] OR cryotherap*[tiab] OR
curettage[tiab] OR electrodesiccation|tiab] OR
electrochemotherapy(tiab]) AND (excision[tiab] OR "Mohs"[tiab] OR
surgery(tiab] OR surgical[tiab]) AND (recurrenceftiab] OR
recurrences[tiab] OR "local control"[tiab]) AND (compar*[tiab] OR
versus(tiab] OR "vs"[tiab] OR cohort[tiab] OR retrospective[tiab] OR
prospective[tiab]) NOT review[pt] NOT "case reports”[pt]
Scopus was searched with the equivalent TITLE-ABS-KEY
string. The strategy was translated for Europe PMC,
restricted to records not indexed in MEDLINE, and for
ClinicalTrials.gov (condition: basal cell carcinoma;
interventional studies; intervention terms for each
modality and for surgery or excision). The reference lists
of included trials and of previous evidence syntheses were
hand-searched.*0-42 Records were de-duplicated by digital

object identifier and normalised title before screening.

Eligibility criteria. Eligibility followed the population,
intervention, comparator, outcome and study design
framework summarised in Table 1. Studies were eligible
when adults with histologically confirmed primary BCC
received an energy-based or physically ablative
destructive therapy or conventional surgical excision
within a randomised controlled trial or a non-randomised
controlled comparative study with a concurrent excision
group; randomised trials were analysed separately as the
prespecified principal sensitivity analysis. Energy-based
therapies comprised photodynamic therapy (light-
activated photosensitiser), radiotherapy in any form
(external beam, contact therapy or interstitial or surface
brachytherapy) and laser ablation. Physically ablative
therapies comprised cryosurgery and curettage with
electrodesiccation or electrocoagulation. Combinations
were eligible when the destructive component was the
principal tumour-removing step (for example curettage
followed by PDT, cryosurgery or a topical adjuvant). Trials
comparing two non-surgical treatments, trials with a
placebo or vehicle comparator, uncontrolled case series,
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studies without BCC-specific event counts, and studies of
recurrent, locally advanced or syndromic BCC were
excluded.

Sriwijaya Journal of Radiology and Imaging Research

Table 1. Eligibility criteria (population, intervention, comparator, outcome and design).

Element Inclusion criteria

Population of any low-risk subtype and site

Exclusion criteria

Adults with histologically confirmed, primary (previously untreated) BCC  Recurrent, locally advanced, metastatic or syndromic (Gorlin)

BCC; organ-transplant cohorts

Energy-based therapy (photodynamic therapy, radiotherapy including

Intervention

topical adjuvant)

Comparator Conventional surgical excision

Treatment failure (residual or recurrent tumour); early failure; late
Outcomes - . -

recurrence; cosmetic outcome; wound infection
Design Randomised controlled trials; non-randomised controlled studies with a

concurrent excision group

brachytherapy, laser ablation, electrochemotherapy) or physical ablation  Topical or systemic drug therapy without a destructive
(cryosurgery, curettage with electrodesiccation, electrocoagulation or a

component

Placebo, vehicle, sham, another non-surgical therapy, Mohs
surgery alone

No BCC-specific event counts

Case reports, uncontrolled series, reviews, conference
abstracts

BCC, basal cell carcinoma.

Study selection and data extraction. Titles, abstracts and
full texts were assessed against the eligibility criteria by
one investigator, and all extracted numerical data were
checked against the original reports.

All reports of the same trial were linked and treated as a
single study; the report with the longest follow-up
supplied the primary outcome and earlier reports
supplied baseline, early clearance and cosmetic data. A
standardised 23-item form captured trial identifiers,
country, design, sample size, unit of randomisation, age,
sex, subtype, anatomical site, intervention and comparator
details, outcome definitions, numbers of events and
participants per arm, reported effect estimates with 95%
confidence intervals (CI), follow-up duration, funding and
risk-of-bias judgements. Values not reported were
recorded as not reported and no values were imputed.

The primary outcome was treatment failure, defined as
clinically or histologically confirmed residual tumour after
treatment or recurrence during follow-up, at the longest
follow-up reported. When a trial reported failure only
among lesions that had cleared initially, non-clearing
lesions were added to the numerator and the randomised
or treated lesions formed the denominator. Secondary
outcomes were early treatment failure (absence of
complete clearance within six months), late recurrence
among lesions that had initially cleared, and good or
excellent cosmetic outcome rated by investigators or
independent observers and by patients. When one trial
compared two eligible destructive arms with one surgical
arm, the surgical arm was split evenly between the two
comparisons to avoid double counting.

Trials with several reports were counted once, and no
participant contributed to more than one comparison in
any single analysis. A three-arm trial that reported
outcomes only as percentages, without arm sizes, was
included in a sensitivity analysis only.

Risk-of-bias assessment. Risk of bias for the primary
outcome was assessed with the revised Cochrane risk-of-
bias tool for randomised trials (RoB 2) across five
domains: the randomisation process, deviations from
intended interventions, missing outcome data,
measurement of the outcome and selection of the reported
result. Each domain and the overall judgement were rated

as low risk, some concerns or high risk. Non-randomised
studies were assessed with the ROBINS-I framework
across seven domains (confounding, selection of
participants, classification of interventions, deviations
from intended interventions, missing data, measurement
of outcomes and selection of the reported result), rated as
low, moderate, serious or critical; a serious overall rating
was treated as high risk in the subgroup analysis. Because
blinding of participants and surgeons was impossible,
measurement of the outcome was judged by whether
recurrence was confirmed histologically and whether the
assessor was independent of the treating clinician.

Risk of bias was assessed for the primary outcome.
Cosmetic outcomes, which were subjective and could not
be assessed blind to treatment, were considered at higher
risk of measurement bias when grading certainty. The
certainty of evidence for each outcome was rated with the
Grading of Recommendations, Assessment, Development
and Evaluations (GRADE) approach as high, moderate, low
or very low, considering risk of bias, inconsistency,
indirectness, imprecision and publication bias.

Statistical analysis. Risk ratios (RR) with 95% CI were
calculated for each comparison and pooled with the
Mantel-Haenszel method under a random-effects model,
with the between-study variance (t?) estimated by the
DerSimonian-Laird method; an RR above 1 indicated
more treatment failures with the energy-based or ablative
therapy. Risk differences were pooled in the same way to
express absolute effects. Heterogeneity was quantified
with Cochran's Q (p<0.10 taken as evidence of
heterogeneity), the 12 statistic with its 95% CI and T2, and
a 95% prediction interval was calculated. To allow
comparison with continuous-outcome syntheses, the
pooled log odds ratio was also converted to a standardised
mean difference (SMD) as SMD = In(OR) x v/3 /1, where OR
is the pooled odds ratio.

Prespecified subgroup analyses compared study design
(randomised versus non-randomised), modality class
(photodynamic therapy, radiotherapy, curettage-based
physical ablation, electrochemotherapy and laser-based
ablation), BCC subtype (superficial, nodular or mixed),
length of follow-up (12 months or less, more than 12 to
less than 36 months, 36 months or more) and overall risk
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of bias, with a random-effects test for subgroup
differences. Sensitivity analyses comprised restriction to
randomised trials, leave-one-out re-estimation, inclusion
of a three-arm trial that reported outcomes only as
percentages, the Hartung-Knapp-Sidik-Jonkman
adjustment of the confidence interval, the Paule-Mandel
variance estimator, a common-effect Mantel-Haenszel
model, the Peto odds ratio, exclusion of comparisons at
high risk of bias, restriction to follow-up of at least 36
months and restriction to histologically confirmed
failures. Small-study effects were examined with a funnel
plot and, because at least ten comparisons were available,
with Egger's regression test, Harbord's modified test for
binary outcomes and trim-and-fill. Double-zero studies
were retained in the systematic review and in the pooled
risk difference but, as is standard for ratio measures, did
not contribute to the pooled risk ratio. Analyses were run
in R version 4.5.3 with the meta and metafor packages;
figures were drawn at 300 dpi with R and Python. A two-
sided p<0.05 was considered statistically significant.

Because the DerSimonian-Laird estimator can
underestimate between-study variance when studies are
few and events sparse, the Hartung-Knapp-Sidik-
Jonkman interval is reported alongside the primary
estimate. Subgroup analyses were regarded as
exploratory, and a p value below 0.05 was required for a

Records identified from databases

Europe PMC non-MEDLINE (n = 246)
Total (n = 1391)

c
=
=]
T
o
=
=]
-
[
=

Records screened by title and abstract
(n = 1182)

Screening

Full-text reports assessed for eligibility
(n =47)

Studies included in the systematic review

(n = 14; 20 reports)
11 randomised, 3 non-randomised

|

Studies in the quantitative synthesis
treatment failure (n = 12; 11 estimable)

early failure (n = 6) - late recurrence (n = 10)
cosmetic outcome (n = 3) - wound infection (n = 4)

PubMed/MEDLINE (n = 282), Scopus (n = 863),
6/
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subgroup difference. Absolute effects were expressed as
risk differences, as numbers needed to harm and, for the
GRADE summary, as events per 1,000 patients at the
pooled excision risk.

3. Results

Study selection. The database searches identified 1,391
records (PubMed/MEDLINE 282, Scopus 863, Europe PMC
246), and a further 69 registry records and 1 record from
citation searching were retrieved. After removal of 279
duplicates, 1,182 records were screened and 1,135 were
excluded on title and abstract. Of the 47 full-text reports
assessed, 27 were excluded, most often because no
surgical comparator was present, and 20 reports of 14
studies (11 randomised trials and 3 non-randomised
controlled studies) were included, as illustrated in Figure
1. Twelve studies with 1,737 lesions or patients (13
comparisons) contributed to the primary outcome; one
trial with no failures in either arm was retained in the
systematic review and in the risk difference but was not
estimable as a ratio, leaving 12 comparisons in the pooled
risk ratio. Two further randomised trials contributed to
secondary outcomes or sensitivity analyses only.4748 In the
three-arm trial with a single excision arm, the excision
group was split between its two comparisons.*°

Records from registers
(ClinicalTrials.gov, n = €9)
and citation searching (n = 1)

l

Duplicate records removed

/ (n = 279)
-

Records excluded
(n = 1135)

Reports excluded (n = 27):
« no surgical comparator (n = 9)
* surgery in both arms or
adjunctive design (n = 5)
+ placebo or sham comparator (n = 3)
* no BCC-specific counts
versus excision (n = 4)

+ full text or data not accessible (n = 3)
* BCC not histologically
confirmed (n = 1)

+ methods report / registry entry
without results (n = 2)

Figure 1. Flow of records through the review according to the PRISMA 2020 statement.

Study characteristics. The characteristics of the included
studies are detailed in Table 2. Studies were conducted in
France, the Netherlands, the United Kingdom and
continental Europe, Ireland, Italy, Romania, Brazil, Iran
and China and were published between 1997 and
2025.2849-63 Photodynamic therapy and curettage-based
ablation (curettage alone, or with cryosurgery, imiquimod,
electrodesiccation or electrocoagulation) were the

commonest interventions (four studies each in the
primary analysis), followed by laser-based ablation (two
studies), and radiotherapy and electrochemotherapy (one
trial each). The radiotherapy trial delivered interstitial
iridium-192 brachytherapy to 55% of patients, contact
therapy to 33% and conventional orthovoltage
radiotherapy to 12%.5° Four studies enrolled nodular BCC,
one superficial BCC and seven mixed subtypes. Mean or
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median age ranged from 57 to 72 years in the arms that
reported it, and follow-up ranged from 12 to 60 months,
with six comparisons followed for at least 36 months. The

Sriwijaya Journal of Radiology and Imaging Research

unit of analysis was the lesion in eight studies and the
patient in four.

Table 2. Characteristics of the included studies.

q Age, years
Study Country Design :xacli,;?(:zle / (ablative /
excision)
66 (whole
. RCT (single sample, SD 12)
50,
Avril 19975064 France centre, open) 173 /174 /66 (whole
sample)
Multination RCT
Rhodes 20045152 (multicentre, 52 /49 69 /67
al, Europe
open)
67 (whole
Kuijpers RCT (single sample) / 67
20075365 Netherlands centre, open) 51/49 (whole
sample)
RCT 64.7 (whole
Mosterd 20085455 Netherlands (multicentre, 85/88 jafgllp;e(‘vsgog]
open) sample)
Multination
63.8 (whole
al (UK, RCT
Szeimies 200856  Germany, (multicentre, 100 /96 ?3\;2211:] /638
Switzerland open) sample)
, Australia) p
68 (median
RCT (two ¢
Sinx 202057.58 Netherlands centres, non- 73 /72 \//vggl(enizg;gll]e]
inferiority) whole samplé]
RCT (single
Clover 202059 Ireland centre, non- 52 /48 66.8 /63.8
inferiority)
. RCT (single 72 (median) /
60,6
Fonseca 20236061 Brazil centre, open) 55/61 715 (median)
Prospective
Cosgarea 201362 Romania controlled, non- 32 /40 NR/NR
randomised
Quasi-
Scurtu 202263 Romania experimental, 129 /50 67.78 / 61.64
non-randomised
Retrospective
Chen 202528 China comparative 50/50 67.5/67.7
cohort
g:'?ients in 67.2 (whole
Zane 201748 Italy ?iElTl(et}cl;relg:; ™, three arms ?@r}?glls) /67.2
g / (arm sizes sample)
NR) p
189 ALA + )
Salvio 20259 Brazil RCT (three-arm) 189 MAL / ?ﬁﬁff}?&' &
189 )
20
_ curettage; 57.3 (whole
Salmanpoor I RCTl(three arm, g sample) / 57.3
201249 ran lsgcltge :)centre, curettage +  (whole
electrodesic sample)
cation / 24

Energy-based or ablative therapy  Excision Follow-up
Radiotherapy: interstitial Ir-192 Surgical excision, 22 48 months
brachytherapy 55%, contact therapy = mm margin, frozen (mean 41)
33%, conventional 12% section in 91%
MAL-PDT 160 mg/g, 3 h, red light 75 Simple surgical
J/cm?, two sessions 7 days apart, P & 60 months
e excision
repeated if incomplete
Curettage followed by cryosurger Surgical excision, 3
8 Y cry 8ETY, mm margin, delayed 60 months
double freeze-thaw cycle hi
istology
Partial debulking then fractionated . .
20% ALA-PDT (two illuminations, 1~ Surgical excision, 3 60 months
mm margin (median 67)
h apart)
MAL-PDT, two sessions 7 days apart, Simple surgical 12 months
repeated at 3 months if incomplete excision
Superficial curettage followed by Surgical excision 60 months
imiquimod 5% cream
Electrochemotherapy (intratumoural Surgical excision
bleomycin with pulsed electrical with histological 60 months
field), repeated once if incomplete margin control
Conventional
Curettage and electrocoagulation, excision, 3 mm 24 months
two cycles, 3 mm margin margin, direct
closure
. . . - 16-37
Topical ALA-PDT, two sessions one Simple excision, 3 months
month apart mm margin (mean 25)
Ablative CO; lase_r plus two . Standard elliptical Mean 21
cryosurgery sessions with occlusive sureical excision months
5-fluorouracil and imiquimod g
Ultra-pulsed CO: laser ablation Traditional surgical
(selected for shallow invasion on o 8 12 months
. excision
preoperative ultrasound)
Pulsed COz laser ablation; Surgical excision 3 months
cryotherapy
ALA-PDT or MAL-PDT with Brazilian Surgical excision 120 months
photosensitisers
Curettage alone; curettage followed Surgical excision, 4
by electrodesiccation (two cycles, 1- 8! ’ 28 months

2 mm margin)

mm margin

Numbers are lesions or patients according to the unit of randomisation or allocation. NR, not reported; RCT, randomised controlled trial; C&E, curettage and
electrocoagulation; ECT, electrochemotherapy; PDT, photodynamic therapy; ALA, 5-aminolevulinic acid; MAL, methyl aminolevulinate.

Each study is listed under its first report, with all reports of the same trial cited. C&C, curettage and cryosurgery.

Risk of bias. Among the nine randomised trials
contributing to the primary outcome, two were at low
overall risk of bias, four raised some concerns and three
were at high risk, as illustrated in Figure 2.495457.59,60
Concerns arose mainly from per-protocol lesion analyses,
attrition during long  follow-up (28% of
electrochemotherapy lesions were not assessed at five

years) and clinical rather than histological ascertainment
of recurrence. All three non-randomised studies were at
serious risk of bias under ROBINS-I, principally through
confounding by indication, as shown in Figure 3; in the
laser cohort, ablation was preferentially offered to
tumours with shallow invasion on preoperative
ultrasound.?862.63

SJRIR - e-ISSN 2986-853X

Sriwijaya ] Radiol Imaging Res. 77



Kesuma et al. Sriwijaya Journal of Radiology and Imaging Research

o
<
o“"\o
'S N
& &
RS °(° <@
o° o > «®
& «©° 0 o <
& W« o¥ & <@
oo «° “' R o‘d\
‘(‘\‘) \009 o ‘36‘ o
&° 4\" ‘a\og > G 3
R oo W ¢

ot s o@‘. 0" °¢,-. oqe
Avril 1997 ° e ° ‘ 0 °
Rhodes 2004 G ‘ ° ° ° °
Kuijpers 2007 e ° ° ° ° 0
Mosterd 2008 6 G ° ° ° °
Szeimies 2008 ° ° ° ° ° °
Sinx 2020 0 ° ° G ° 0

Clover 2020 ° ° ‘ ° ° ‘
Fonseca 2023 ° c ° ° ° ‘
Salmanpoor 2012 ° ° ° o ° ‘

BN Lowrisk W Some concerns M High risk

Figure 2. Risk of bias of the randomised trials (Cochrane RoB 2). Green with a plus sign denotes low risk, amber with a question mark
some concerns and red with a minus sign high risk.
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Figure 3. Risk of bias of the non-randomised controlled studies (ROBINS-I). Green denotes low, amber moderate and red serious risk of
bias.

Primary outcome: treatment failure. Across 12 studies, random-effects risk ratio was 3.26, 95% CI 1.47 to 7.23
treatment failure occurred in 109 of 917 lesions or (p=0.004), corresponding to an absolute excess of 7.6
patients (11.9%) after energy-based or ablative therapy percentage points (95% CI 2.3 to 13.0), as illustrated in
and in 26 of 820 (3.2%) after surgical excision. The pooled Figure 4 and detailed in Table 3. Heterogeneity was
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substantial (12=60.3%, 95% CI 25.2% to 78.9%; 12=1.13;
Q=27.69,df=11, p=0.004), and the 95% prediction interval
ranged from 0.27 to 40.00. The Hartung-Knapp-Sidik-
Jonkman interval was wider but excluded unity (95% CI
1.39 to 7.64; p=0.011). The wide prediction interval
reflected the divergence between randomised and non-
randomised studies rather than uncertainty about the
direction of effect in randomised trials. The common-effect
estimate was similar (RR 3.83, 95% CI 2.54 to 5.78). The
absolute excess corresponded to a number needed to
harm of 13: one additional failure for every 13 tumours
treated with an energy-based or ablative therapy instead
of excision. Expressed on the standardised scale, the

Table 3. Treatment failure by comparison and pooled estimate.
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pooled odds ratio of 3.67, 95% CI 1.57 to 8.62,
corresponded to a standardised mean difference of 0.72,
95% CI 0.25 to 1.19, representing a moderate-to-large
effect.

The excision arm of the retrospective laser cohort
recorded 8 failures in 50 patients (16%), a rate several
times higher than in any randomised excision arm (0% to
8.3%), and this cohort was the most influential study in the
leave-one-out analysis; its omission reduced
heterogeneity to 12=38.8% and raised the pooled risk ratio
to 4.19.28

Follow-up  Failures, Failures,

. . . . . o .
Comparison Design Modality Subtype (months) ablative i Riskratio (95% CI) Weight
Avril 1997 (RT)s064 RCT Radi(’ﬂzgggg }/, brachy  Mived 48 11/173 1/174 1106 (L44t084.77)  7.5%
Rhodes 2004 (MAL-PDT)5152 RCT Ph";fg’;‘g’m‘“ Nodular 60 11/53 2/52 540 (126t023.17)  9.8%
Kuijpers 2007 (C&C)5365 RCT C“rfﬁ?agg;&ase‘i Nodular 60 9/51 4/49 2.16 (0.71t0 6.56)  11.4%
Mosterd 2008 (ALA-PDT)5455 RCT Phiﬁ’;’; 'I‘f}‘,mic Nodular 60 23/85 2/88 11.91 (2.90 t0 48.95)  10.0%

- Photodynamic - 19.36 (2.65 to
- 56 0,
Szeimies 2008 (MAL-PDT) RCT therapy Superficial 12 21/128 1/118 141.69) 7.7%
Sinx 2020 (curettage + Curettage-based 14.79 (2.01 to o
miquimod)s7e RCT blotion Nodular 60 15/73 1/72 109.09) 7.6%
Clover 2020 (ECT)% RCT Electrochemotherapy Mixed 60 5/47 1/40 4.26 (0.52 to 34.93) 7.2%
Fonseca 2023 (C&E)60.61 RCT C“rfﬁ?agg:l’f“d Mixed 24 0/51 0/57 Not estimable 0.0%
Non- Photodynamic .
Cosgarea 2013 (ALA-PDT)®2 2o % therapy Mixed 25 4/48 4/46 0.96 (0.25t03.61)  10.4%
Non- . .
Scurtu 2022 (laser-cryo)é3 randomised Laser-based ablation Mixed 21 2/113 0/50 2.22 (0.11 to 45.50) 4.7%
Salmanpoor 2012 Curettage-based : o
Ceurettage)® RCT blotion Mixed 28 4/20 1/12 240 (0.30t0 19.04)  7.4%
Salmanpoor 2012 (C&E)# RCT C“rfﬁ?agg:l’f“d Mixed 28 2/25 1/12 0.96 (0.10 to 9.57) 6.6%
Non- . .
Chen 2025 (COz laser)28 randomised Laser-based ablation Mixed 12 2/50 8/50 0.25 (0.06 to 1.12) 9.6%
Pooled (random effects) 109/917 26/820 3.26 (1.47 to 7.23) 100.0%
Heterogeneity: 12=60.3%, 12=1.13, p=0.004. Mantel-Haenszel random-effects model with DerSimonian-Laird variance.
Treatment failure: energy-based and ablative destructive therapies versus surgical excision

Risk ratio, Mantel-Haenszel random-effects model (DerSimonian-Laird); red bar = 95% prediction interval

Comparison

Avril 1997 (RT)

Rhodes 2004 (MAL-PDT)
Kuijpers 2007 (C&C)

Mosterd 2008 (ALA-PDT)
Szeimies 2008 (MAL-PDT)
Sinx 2020 (curettage + imiquimod)
Clover 2020 (ECT)

Fonseca 2023 (C&E)
Cosgarea 2013 (ALA-PDT)
Scurtu 2022 (laser-cryo)
Salmanpoor 2012 (curettage)
Salmanpoor 2012 (C&E)
Chen 2025 (CO, laser)

Random effects model
Prediction interval

Ablative therapy Excision
Events Total Events Total Risk Ratio Risk ratio 95% Cl  Weight
1 173 1 174 ——@———— 11.06 [1.44; 8477] 7.5%
11 53 2 52 — 540 [1.26; 23.17] 9.8%
9 51 4 49 ——— 216 [0.71; 6.56] 11.4%
23 85 2 88 —B— 11.91 [2.90; 48.95] 10.0%
21 128 1 118 —@——  19.36 [2.65;141.69] 7.7%
15 73 1 72 ——@——  14.79 [2.01;109.09] 7.6%
5 47 1 40 —— 426 [0.52; 34.93] 7.2%
0 51 0 57 : 0.0%
4 48 4 46 —8—— 0.96 [0.25; 3.61] 10.4%
2 113 0 50 8- 222 [0.11; 45.50] 4.7%
4 20 1 12 —— 240 [0.30; 19.04] 7.4%
2 25 1 12 B : 0.96 [0.10; 9.57] 6.6%
2 50 8 50 «——F g 0.25 [0.06; 1.12] 9.6%
917 820 e 3.26 [1.47; 7.23] 100.0%
[0.26; 40.00]
[ T T T T 1
0102 051 2 5 100

Favours

Heterogeneity: I° = 60.3%, v° = 1.1333, %, = 27.69 (p = 0.0036)

ablative therapy Favours excision

Figure 4. Treatment failure after energy-based or ablative therapy versus surgical excision. Squares are proportional to study weight, the
diamond is the random-effects pooled risk ratio and the red bar is the 95% prediction interval. Values above 1 favour excision.
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Subgroup analyses. Study design explained most of the
heterogeneity, as shown in Figure 5 and Table 4. In
randomised trials the excess risk was large and consistent
(RR 5.34, 95% CI 2.76 to 10.33; 12=23.3%), whereas the
non-randomised studies showed no difference (RR 0.62,
95% CI 0.21 to 1.87); the test for subgroup difference was
significant (p=0.001).

By modality, as illustrated in Figure 6, the point estimates
favoured excision for radiotherapy (RR 11.06),
photodynamic therapy (RR 5.41), curettage-based
ablation (RR 2.87) and electrochemotherapy (RR 4.26),
whereas the two non-randomised laser studies did not (RR
0.50). Because each modality was represented by one to

Table 4. Subgroup analyses of treatment failure.
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four studies, the non-significant test for difference
(p=0.244) does not establish that the modalities are
equivalent.

The penalty was evident for nodular and superficial BCC
but not for studies of mixed subtypes, a group that
included all three non-randomised studies (p=0.040 for
difference). It was consistent in comparisons followed for
36 months or longer (RR 5.65, 95% CI 2.85 to 11.21;
[?=11.8%) and smaller or undetermined with shorter
follow-up (p=0.043). The risk ratio was larger in studies at
lower risk of bias (p=0.001). Follow-up, subtype and risk
of bias were correlated with design, and these exploratory
analyses cannot separate their effects.

Variable Subgroup Comparisons Risk ratio (95% CI) 12 p for difference
Study design RCT 5.34 (2.76 t0 10.33) 23.3% p=0.001
Study design Non-randomised 3 0.62 (0.21 to 1.87) 20.7% p=0.001
Modality Radiotherapy/brachytherapy 1 11.06 (1.44 to 84.77) — p=0.244
Modality Photodynamic therapy 4 5.41 (1.36 to 21.46) 69.6% p=0.244
Modality Curettage-based ablation 4 2.87 (1.01t0 8.12) 28.3% p=0.244
Modality Electrochemotherapy 1 4.26 (0.52 to 34.93) — p=0.244
Modality Laser-based ablation 2 0.50 (0.07 to 3.64) 38.4% p=0.244
BCC subtype Mixed 7 1.54 (0.57 to 4.19) 45.9% p=0.040
BCC subtype Nodular 4 5.77 (2.24 to 14.86) 41.6% p=0.040
BCC subtype Superficial 1 19.36 (2.65 to 141.69) — p=0.040
Follow-up >36 months 6 5.65 (2.85t0 11.21) 11.8% p=0.043
Follow-up <12 months 2 2.10 (0.02 to 188.99) 92.3% p=0.043
Follow-up 13-35 months 4 1.27 (0.49 to 3.28) 0.0% p=0.043
Overall risk of bias Some concerns 4 5.62 (2.01to 15.73) 41.1% p=0.001
Overall risk of bias Low 2 12.80 (4.04 to 40.59) 0.0% p=0.001
Overall risk of bias High 6 1.04 (0.44 to 2.42) 17.5% p=0.001
RCT, randomised controlled trial; CI, confidence interval. The p value tests for subgroup difference within each variable.
Treatment failure by study design Ablative therapy Excision
Risk rafio, Man'el-igegiiigatiggrpm-efiects modal; test for subgroup gjgHyes Tt P°%vents  Total Risk Ratio Risk ratio 95% CI  Weight
Design = RCT :
Avril 1997 (RT) 11 173 1 174 —-— 11.06 [1.44; 84.77] 7.5%
Rhodes 2004 (MAL-PDT) 11 53 2 52 —— 540 [1.26; 23.17] 9.8%
Kuijpers 2007 (C&C) 9 51 4 49 e 216 [0.71; 6.56] 11.4%
Mosterd 2008 (ALA-PDT) 23 85 2 88 + 11.91 [2.90; 48.95] 10.0%
Szeimies 2008 (MAL-PDT) 21 128 1 118 —a— 19.36 [2.65; 141.69] 7.7%
Sinx 2020 (curettage + imiquimod) 15 73 1 72 —— @ 1479 [2.01;109.09] 7.6%
Clover 2020 (ECT) 5 47 1 40 —t— 4.26 [0.52; 34.93] 7.2%
Fonseca 2023 (C&E) 0 51 0 57 0.0%
Salmanpoor 2012 (curettage) 4 20 1 12 7F 2.40 [0.30; 19.04] 7.4%
Salmanpoor 2012 (C&E) 2 25 1 12 L g 0.96 [0.10; 9.57] 6.6%
Random effects model 706 674 == 5.34 [2.76; 10.33] 75.2%
Heterogeneity: I = 23.3%, 1* = 0.2331, x5 = 10.43 (p = 0.2360) ;
Design = Non-randomised
Cosgarea 2013 (ALA-PDT) 4 48 4 46 R 0.96 [0.25; 3.61] 10.4%
Scurtu 2022 (laser-cryo) 2 113 0 50 8- 2.22 [0.11; 45.50] 4.7%
Chen 2025 (CO, laser) 2 50 8 50 —HB—— : 0.25 [0.06; 1.12] 9.6%
Random effects model 211 146 il 0.62 [0.21; 1.87] 24.8%
Heterogeneily: I° = 20.7%, t° = 0.2091, = 2.52 (p = 0.2835) ‘
Random effects model 917 820 -‘— 3.26 [1.47; 7.23] 100.0%
T T T T 1
0102 051 2 5 100

Favours ablative therapy Favours excision

Heterogeneity: I* = 60.3%, t° = 1.1333, 3%, = 27.69 (p = 0.0036)
Test for subgroup differences: Xf =10.74,df =1 (p = 0.0010)

Figure 5. Treatment failure subgrouped by study design (randomised versus non-randomised).
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Treatment failure by class of energy-based or ablative therapy
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Risk ratio, Mantel-Haenszel random-effects model; test for subgroup differences shown below
Ablative therapy Excision
Comparison Events Total Events Total Risk Ratio Risk ratio 95% Cl  Weight
Modality = Radiotherapy/brachytherapy
Avril 1997 (RT) 11 173 1 174 — 11.06 [1.44; 84.77] 7.5%
Modality = Photodynamic therapy
Rhodes 2004 (MAL-PDT) 11 53 2 52 —— 5.40 [1.26; 23.17] 9.8%
Mosterd 2008 (ALA-PDT) 23 85 2 88 R 11.91 [2.90; 48.95] 10.0%
Szeimies 2008 (MAL-PDT) 21 128 1 118 +—@——  19.36 [2.65; 141.69] 7.7%
Cosgarea 2013 (ALA-PDT) 4 48 4 48 —8— 0.96 [0.25; 3.61] 10.4%
Random effects model 314 304 == 5.41 [1.36; 21.46] 37.9%
Heterogeneity: I = 69.6%, t° = 1.3614, x2 = 9.87 (p = 0.0197) :
Modality = Curettage-based ablation
Kuijpers 2007 (C&C) 9 51 4 49 -—— 2.16 [0.71; 6.56] 11.4%
Sinx 2020 (curettage + imiquimod) 15 73 1 72 ——@— 14.79 [2.01;109.09] 7.6%
Fonseca 2023 (C&E) 0 51 Q 57 : 0.0%
Salmanpoor 2012 (curettage) 4 20 1 12 — 240 [0.30; 19.04] 7.4%
Salmanpoor 2012 (C&E) 2 25 1 12— f—F— 0.96 [0.10; 9.57] 6.6%
Random effects model 220 202 -.- 2.87 [1.01; 8.12] 33.0%
Heterogeneity: I = 28.3%, 1° = 0.3296, %5 = 4.19 (p = 0.2420) ;
Modality = Electrochemotherapy
Clover 2020 (ECT) 5 47 1 40 — 4.26 [0.52; 34.93] 7.2%
Modality = Laser-based ablation :
Scurtu 2022 (laser-cryo) 2 113 Q 50 - 2.22 [0.11; 45.,50] 4.7%
Chen 2025 (CO, laser) 2 50 8 50 «—@—+ 0.25 [0.06; 1.12] 9.6%
Random effects model 163 100 o — 0.50 [0.07; 3.64] 14.4%
Heterogeneity: I° = 38.4%, ©° = 0.9212, %° = 1.62 (p = 0.2026) :
Random effects model 917 820 3.26 [1.47; 7.23] 100.0%
[ T T T T 1

0102 051 2 5 100

Favours ablative therapy Favours excision

Heterogeneity: I° = 60.3%, <° = 1.1333, %%, = 27.69 (p = 0.0036)
Test for subgroup differences: -/j =5.45, df =4 (p = 0.2445)

Figure 6. Treatment failure subgrouped by class of energy-based or ablative therapy.

Secondary outcomes. Early treatment failure, defined as
absence of complete clearance within six months, was
more frequent after energy-based or ablative therapy
(67/743 versus 11/547; RR 3.74, 95% CI 1.95 to 7.18; 5
estimable comparisons; 12=0.0%), as illustrated in Figure
7. Among lesions that had initially cleared, late recurrence
was also more frequent (68/755 versus 20/686; RR 2.51,
95% CI 1.09 to 5.80; 11 comparisons; 12=49.6%).

The cosmetic balance favoured the non-surgical options,
as shown in Figure 8 and Table 5. Investigator-rated good
or excellent cosmetic outcome was reported for 110/125
versus 61/131 (RR 1.87,95% CI 1.54 to 2.26; [2=0.0%) in

Table 5. Secondary outcomes.

the two photodynamic trials that reported this outcome,
and patient-rated favourable cosmesis or satisfaction for
89/92 versus 74/93 (RR 1.21, 95% CI 1.08 to 1.34). The
direction was reversed for radiotherapy and for
cryosurgery: in the radiotherapy trial, 87% of surgically
treated patients and 69% of irradiated patients rated their
result as good at four years, and a slightly visible scar was
recorded by the dermatologist in 79% versus 40%,5064
while independent observers preferred excision to
cryosurgery in the Maastricht trial.®>* Wound infection was
infrequent and did not differ significantly (8/208 versus
14/202; RR 0.60, 95% C1 0.27 to 1.37).

Outcome Estlmqble Even.t S) Evgn_ts, Risk ratio (95% CI) p value 12
comparisons ablative excision

Early treatment failure (no complete clearance

within 6 months) 5 67/743 11/547 3.74 (1.95 to 7.18) p<0.001 0.0%

Late recurrence among initially cleared lesions 11 68/755 20/686 2.51 (1.09 to 5.80) p=0.031 49.6%

Saot(;%excellent cosmetic outcome (investigator- 2 110/125 61/131 1.87 (1.54 to 2.26) p<0.001 0.0%

Fa\{ourable patient-rated cosmetic outcome or 2 89/92 74/93 1.21 (1.08 to 1.34) p<0.001 0.0%

satisfaction

Wound infection 4 8/208 14/202 0.60 (0.27 to 1.37) p=0.226 0.0%

For cosmetic outcomes a risk ratio above 1 favours the energy-based or ablative therapy; for failure, recurrence and infection a risk ratio above 1 favours excision.
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Early treatment failure (no complete clearance within 6 months)
Risk ratio, Mantel-Haenszel random-effects model

Sriwijaya Journal of Radiology and Imaging Research

Ablative therapy Excision
Comparison Events Total Events Total Risk Ratio Risk ratio 95% Cl  Weight
Rhodes 2004 (MAL-PDT) 5 53 1 52 B | — 4.91 [0.59;40.57] 9.5%
Szeimies 2008 (MAL-PDT) 10 128 1 118 —_—— 9.22 [1.20;70.92] 10.2%
Mosterd 2008 (ALA-PDT) 6 83 2 88 — 3.18 [0.66; 15.32] 17.2%
Salvio 2025 (ALA- and MAL-PDT) 44 376 5 182 e 4.26 [1.72;10.56] 51.5%
Cosgarea 2013 (ALA-PDT) 2 48 2 4 @ —a— 0.96 [0.14; 6.52] 11.6%
Fonseca 2023 (C&E) 0 55 0 61 0.0%
Random effects model 743 547 == 3.74 [1.95; 7.18] 100.0%
(I T T T 1
0102 051 2 5 100
Favours ablative therapy Favours excision
Heterogeneity: /° = 0.0%, 1° = 0, ¥4 = 2.92 (p = 0.5715)
Figure 7. Early treatment failure (no complete clearance within six months).
Good or excellent cosmetic outcome (investigator or observer rated)
Risk ratio, Mantel-Haenszel random-effects model; values above 1 favour the ablative therapy
Ablative therapy Excision

Comparison Events Total Events Total Risk Ratio Risk ratio 95% Cl  Weight

Rhodes 2004 (MAL-PDT) 33 42 17 45 —E- 2.08 [1.38;3.12] 21.8%

Szeimies 2008 (MAL-PDT) 77 83 44 86 = 1.81 [1.46;2.25] 78.2%

Random effects model 125 131 1.87 [1.54; 2.26] 100.0%

[ T 1 T T
0102 051 2 5 100

Heterogeneity: 1 = 0.0%, t° = 0, %> = 0.35 (p = 0.5534)

Favours excision

Favours ablative therapy

Figure 8. Good or excellent investigator-rated cosmetic outcome in the two photodynamic trials that reported this outcome; values above

1 favour the ablative therapy.

Sensitivity analyses and small-study effects. The
findings were robust to the analytical choices summarised
in Table 6. The Hartung-Knapp-Sidik-Jonkman
adjustment widened the interval but preserved
significance (RR 3.26, 95% CI 1.39 to 7.64; p=0.011), and
the Paule-Mandel estimator, the common-effect model
and the Peto odds ratio gave concordant results.
Restriction to randomised trials (RR 5.34, 95% CI 2.76 to
10.33; 12=23.3%), to studies not at high risk of bias (RR
7.08, 95% CI 3.26 to 15.39), to follow-up of at least 36
months and to histologically confirmed failures (RR 6.13,
95% CI 2.73 to 13.77) strengthened the association, and
including a three-arm trial that reported outcomes only as
percentages changed little (RR 3.59, 95% CI 1.77 to 7.30).
In leave-one-out analyses the pooled risk ratio ranged

Table 6. Sensitivity analyses for treatment failure.

from 2.80 (omitting Szeimies 2008 (MAL-PDT)) to 4.19
(omitting Chen 2025 (CO:z laser)) and remained
statistically significant throughout; heterogeneity fell
most, to 12=38.8%, when Chen 2025 (CO: laser) was
omitted.

The funnel plot, shown in Figure 9, showed no clear
asymmetry, although with twelve comparisons and
marked between-design heterogeneity the tests had
limited power and asymmetry could equally reflect design
differences. Neither Egger's test (p=0.467) nor Harbord's
test (p=0.128) was significant. Trim-and-fill imputed one
comparison on the left of the funnel and attenuated the
estimate to RR 2.78 (95% CI 1.28 to 6.06), which remained
above unity.

Analysis

Primary: Mantel-Haenszel RR, random effects (DerSimonian-Laird)
Hartung-Knapp-Sidik-Jonkman adjusted confidence interval
Paule-Mandel estimator of between-study variance
Mantel-Haenszel RR, common effect

Peto odds ratio, common effect

Excluding comparisons at high overall risk of bias

Restricted to follow-up of 36 months or longer

Restricted to histologically confirmed failure

Restricted to randomised controlled trials

Including a three-arm trial reporting outcomes only as percentages
Pooled odds ratio, random effects (DerSimonian-Laird)
Standardised mean difference equivalent, SMD = In(OR) x vV3/n

Trim-and-fill adjusted risk ratio (one comparison imputed)

Leave-one-out (range)

Comparisons Estimate (95% CI) 12 p value
12 3.26 (1.47 to 7.23) 60.3% p=0.004
12 3.26 (1.39 to 7.64) 60.3% p=0.011
12 3.24 (1.51 t0 6.92) 58.5% p=0.002
12 3.83 (2.54 to 5.78) 60.3% p<0.001
12 3.66 (2.56 t0 5.23) 60.0% p<0.001
6 7.08 (3.26 to 15.39) 30.1% p<0.001
6 5.65 (2.85 to 11.21) 11.8% p<0.001
5 6.13 (2.73 t0 13.77) 28.8% p<0.001
9 5.34 (2.76 t0 10.33) 23.3% p<0.001
14 3.59 (1.77 to 7.30) 55.3% p<0.001
12 3.67 (1.57 t0 8.62) 60.6% —
12 0.72 (0.25t0 1.19) 60.6% —
13 2.78 (1.28 to 6.06) — p=0.010

0,
11 2.80 to 419 3gf$/;° all p<0.05

Cl, confidence interval; RR, risk ratio; OR, odds ratio; SMD, standardised mean difference.
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Funnel plot: treatment failure

Sriwijaya Journal of Radiology and Imaging Research

Shaded areas: 95% and 99% pseudo-confidence regions around the pooled RR (3.26). Egger's test p = 0.467; Harbord's test p = 0.128
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Figure 9. Funnel plot of the log risk ratio against its standard error for treatment failure, with 95% and 99% pseudo-confidence regions.

4. Discussion

Principal findings. This systematic review and meta-
analysis found that replacing surgical excision with an
energy-based or physically ablative destructive therapy
increased the risk of treatment failure of primary BCC. In
randomised trials the relative increase was large and
consistent (RR 5.34, 95% CI 2.76 to 10.33; 12=23.3%),
corresponding to approximately 111 rather than 21
failures per 1,000 tumours, and across all controlled
studies the absolute excess was 7.6 failures per 100
tumours, a number needed to harm of 13. The penalty
comprised both incomplete early clearance and late
recurrence after initial clearance and was most evident
with follow-up of three years or more. In exchange,
photodynamic therapy increased the probability of a good
or excellent investigator-rated cosmetic result (RR 1.87,
95% CI 1.54 to 2.26), whereas radiotherapy and
cryosurgery did not confer a cosmetic advantage.50.6465
The tumour-control finding was supported by moderate-
certainty evidence and the cosmetic finding by low-
certainty evidence, as summarised in Table 7.

Comparison with previous evidence. The results are
consistent with, and extend, earlier evidence syntheses,
each of which addressed a single modality. A review of 18
randomised photodynamic trials concluded that PDT was
less effective than surgery but gave better cosmetic
outcomes,*! and a meta-analysis of laser treatment
reported recurrence of 3.1% after Nd:YAG and 9.4% after
CO:laser ablation, derived largely from cohort studies, and
did not recommend the CO: laser at the settings studied.*°
Two photodynamic syntheses found response rates
comparable to surgery at 3 to 12 months but more
recurrences with PDT at 24 to 60 months, and a pooled

recurrence of 13% to 15% across superficial and nodular
BCC.4243 The present analysis adds a single-comparator
estimate for the whole energy-based and ablative class,
separates randomised from non-randomised evidence and
incorporates  the five-year  curettage-imiquimod
analysis.’® The ten-year photodynamic trial could
contribute only early-failure data, because surgical-arm
recurrence counts were not reported; its recurrence-free
survival of 74.5% after ALA-PDT and 69% after MAL-PDT
versus 92.8% after surgery is directionally concordant
with the pooled estimate.*” Danish registry data, which
reported the lowest eight-year cumulative recurrence for
nodular BCC after excision and higher recurrence hazards
after photodynamic therapy, support the external validity
of the randomised estimate.%¢

Modality-specific considerations. Photodynamic
therapy, with four studies, was one of the two most
extensively studied modalities. The three randomised
trials showed a consistent excess of failure, largest for
nodular tumours and with long follow-up, whereas the
non-randomised study showed no difference; cosmetic
outcomes were superior. Recent randomised trials refined
PDT regimens but did not remove this gap: a simplified
single-session regimen was less effective than the
standard double treatment,'® conventional two-stage
MAL-PDT outperformed fractionated ALA-PDT in the long
term,'® and 10% ALA gel was superior to vehicle but was
not compared with surgery.?!

The radiotherapy estimate rests on one trial that used
brachytherapy, contact therapy and orthovoltage
radiotherapy with dose schedules of the 1980s.5° It may
not transfer to contemporary practice. Image-guided
superficial radiotherapy achieved freedom from
recurrence above 99% at six years irrespective of
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histology,??2 and high-dose-rate surface-mould and
interstitial brachytherapy achieved high local control with
acceptable toxicity in elderly or periocular disease,?3-2567
but none of these series had a randomised excision
control. Radiotherapy did not improve cosmesis in the
only trial, in which radiodystrophy affected 41% of
irradiated patients at four years.5°

Curettage-based  techniques were heterogeneous.
Curettage with cryosurgery and curettage followed by
imiquimod both increased failure in nodular BCC,5358
whereas curettage with electrocoagulation produced no
recurrence in either arm over two years in a small trial of
low-risk lesions,®? a three-arm trial reported recurrence at
28 months of 20% after curettage alone and 8% after
curettage with electrodesiccation, compared with 8.3%
after excision,* and a randomised comparison of
curettage with cryosurgery in superficial BCC found one-
year clearance of 95.7% and 100%.2° Because curettage-
imiquimod and the laser-cryo-immunotherapy regimen
combine a destructive step with a topical immune
response modifier, they were classified with ablative
therapies but represent hybrids; removing them would
leave the direction of the pooled estimate unchanged,
since the remaining randomised comparisons also
favoured excision. Electrochemotherapy was compared
with excision in one trial with substantial attrition,> and
European registry data reported five-year disease-free
survival of 92% in elderly patients.3%3! Laser ablation was
represented only by non-randomised evidence, and the
apparent absence of a penalty should not be taken as
evidence of equivalence.2863

Several newer energy-based techniques have not yet been
compared with excision. A 595-nm pulsed dye laser
cleared 71.4% of low-risk truncal BCC versus 30.0% after
sham treatment in a small randomised trial, and its
authors did not recommend it at the settings tested,®®
although an uncontrolled series reported 90% clearance
after two sessions.®® High-intensity focused ultrasound
was introduced in a pilot study,’? calcium electroporation
achieved complete response in only 32% of low-risk
tumours,”? and immunocryosurgery for facial BCC
relapsing after surgery achieved a five-year efficacy of
60.2%.7? These data reinforce the need for randomised
comparisons with excision before new modalities are
adopted for primary tumours.

Biological and technical explanations. Several
mechanisms explain the excess failure. Destructive
techniques, unlike excision, provide no histological
confirmation of margin clearance, so subclinical extension
beyond the treated field remains undetected.
Photodynamic efficacy is limited by photosensitiser
penetration and light attenuation: failure after
fractionated ALA-PDT was concentrated in nodular
tumours thicker than 0.7 mm,5® nearly half of the
treatment failures in a long-term trial of three
photosensitisers were recorded only at the five-year
visit,?0 clinical and histological assessments of subtype and
thickness before PDT did not always agree,”® and high-
dose vitamin D accelerated clearance mainly in thin
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tumours.”* Laser ablation depends on the depth of
vaporisation and curettage on the friability contrast
between tumour and dermis, both less reliable in deeper
or fibrotic tumours; contemporary laser series reported
high clearance but with follow-up limited to about one
year.?775 Surgical excision, in contrast, fails mainly when
margins are involved, which occurred in 16.9% of nasal
excisions in one series and carried a four-fold higher
recurrence.!?

Role of imaging in selection, planning and follow-up.
Imaging offers a plausible route to narrowing this gap and
is directly relevant to radiology practice, although it was
not tested in any included randomised trial. High-
frequency ultrasound measured the deep margin of BCC
with 91% accuracy,3? correlated strongly with histological
depth,?® and discriminated invasive from non-invasive
tumours with a validated prediction model;3* optically
guided ultrasound identified high-risk histological
subtypes with a positive predictive value of 94.7%,3% and
ultrasound extension agreed with pathology in all BCC in a
comparative series.’® Line-field confocal optical coherence
tomography matched histological subtype in 90% of
tumours and outperformed dermoscopy in recognising
superficial BCC,3¢37 confocal microscopy was used to
monitor photodynamic response,3® and combined confocal
microscopy and optical coherence tomography guidance
of Er:YAG ablation reported one recurrence per 100
person-years.3® After high-dose-rate brachytherapy,
dermoscopy proved an adequate tool for monitoring
tumour response.*> These data support a hypothesis
rather than a conclusion: that imaging-based selection of
thin, low-risk tumours and imaging-based response
assessment could reduce the failure penalty. Testing this
in randomised trials is a research priority.

Heterogeneity and certainty of evidence. The
heterogeneity of the combined analysis was largely
explained by study design. Randomised trials yielded a
homogeneous and larger penalty, whereas the three non-
randomised studies, all at serious risk of bias, showed no
difference. In these studies the less invasive option was
preferentially offered to smaller, shallower or lower-risk
tumours, and one cohort reported 16% recurrence after
excision, which suggests that deeper tumours were
channelled to surgery.?® The prediction interval, which
extended below unity, therefore reflects the divergence
between designs rather than uncertainty about the
direction of effect in randomised trials. Eight of the twelve
studies analysed lesions rather than patients, and ignoring
clustering overstates precision; the effect is probably
modest because most patients contributed a single lesion,
and the patient-level randomised trials showed the same
direction.5%58 Time-to-event estimates reported by
individual trials were concordant with the pooled risk
ratios.s053 Certainty was rated moderate for the
randomised tumour-control estimate and for early failure,
low for the combined estimate, late recurrence and
investigator-rated cosmesis, and very low for patient-
rated outcomes and wound infection, as detailed in Table
7.
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Table 7. Summary of findings and certainty of evidence (GRADE).
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Outcome Studies Risk ratio (95% CI)
Treatment failure — 9RCTs 534 (2.76t010.33)
randomised trials

Treatment failure — all .

controlled studies 12 studies 3.26 (1.47 to 7.23)

Early treatment failure (<6 5 studies 3.74 (1.95 to 7.18)

months)

Late recurrence after initial 11 studies 2.51 (1.09 to 5.80)

clearance

‘Good/.excellent cosmesis, 2 RCTs 1.87 (154 to 2.26)

investigator-rated

Favourable patient-rated 2studies  1.21 (1.08 to 1.34)

cosmesis or satisfaction

Wound infection 4 studies 0.60 (0.27 to 1.37)

Risk with
excision

21 per 1,000

32 per 1,000

20 per 1,000

29 per 1,000

466 per 1,000

796 per 1,000

69 per 1,000

Risk with
ablative Certainty Main reasons for downgrading
therapy
111per 1,000 Moderate Risk qf bias (per-protocol :_inalyses, a‘ttrition,
clinical ascertainment in some trials)
. s . 2 200, .
103 per 1,000 Low Risk of bias; inconsistency (I* 60%, explained
by design)
75 per 1,000 Moderate Risk of bias
73 per 1,000 Low Risk of bias; inconsistency
Unblinded subjective outcome, industry
870 per 1,000 Low sponsorship; indirectness (photodynamic
therapy only)
959 per 1,000  Very low Risk of bias; indirectness (mixed constructs);

imprecision

42 per 1,000 Very low  Risk of bias; serious imprecision (22 events)

Risk with excision is the pooled control-group risk of the contributing studies; risk with ablative therapy applies the pooled risk ratio to that baseline. For cosmetic outcomes

the risks refer to a favourable result.

Strengths and limitations. This review had several
strengths. It applied a single, clinically meaningful
comparator across all energy-based and ablative
modalities; searched four sources, including Scopus and a
trial registry, without language restriction; linked all
reports of each trial and used the longest follow-up;
assessed randomised and non-randomised evidence with
appropriate tools and analysed them separately; graded
certainty; and tested robustness with ten sensitivity
analyses, all of which preserved the direction and
significance of the finding.

Several limitations must be acknowledged. First, the
evidence base was small: individual modalities were
represented by one to four studies, so modality-specific
estimates were imprecise and the absence of a significant
difference between modalities cannot be interpreted as
equivalence. Second, three studies were non-randomised
and at serious risk of confounding by indication; they were
analysed separately, but their inclusion increased
heterogeneity. Third, several trials were reported only
briefly, as research letters or with limited methodological
detail, which constrained the risk-of-bias assessment, and
one trial reported outcomes only as percentages; including
it in a sensitivity analysis did not alter the conclusions.
Fourth, outcome definitions, time points, the unit of
analysis and the method of ascertainment varied, and
time-to-event data could not be pooled. Fifth, cosmetic
outcomes were measured on heterogeneous scales, were
available as counts for few studies and were at risk of
measurement bias, while patient-reported quality of life,
costs and treatment burden were rarely reported. Sixth,
screening was performed by one investigator, and Embase
and the Cochrane Central Register were not searched
directly, although backward citation searching of previous
evidence syntheses identified no additional eligible study.
Finally, most trials enrolled low-risk tumours in European
populations, limiting generalisability to high-risk
subtypes, facial H-zone tumours and Asian populations, in
whom nodular BCC predominates and incidence is
rising.67

Implications for practice and research. For fit patients
with primary BCC in whom tumour control is the priority,
surgical excision should remain the first choice. Energy-

based and ablative therapies are reasonable when surgery
is contraindicated, when cosmetic or functional
preservation outweighs a modest absolute increase in
recurrence, or in older patients in whom the impact of BCC
on quality of life is limited and treatment burden
matters.”!1 Where photodynamic therapy is chosen,
restriction to histologically confirmed superficial or thin
nodular tumours is supported; where radiotherapy or
brachytherapy is chosen, contemporary image-guided or
individually planned techniques are preferable to
historical approaches. In all cases, pre-treatment imaging
of depth and subtype, shared decision-making that
presents the absolute trade-off, and surveillance for at
least five years are warranted. Future randomised trials
should compare imaging-guided energy-based treatment
with excision using histologically confirmed failure,
patient-level analysis, time-to-event reporting and core
cosmetic and patient-reported outcomes, and should
include Asian and other under-represented populations.

Resource use also merits consideration. Surgically
managed BCC generated substantial health-service costs
in a national cohort,® and a carbon dioxide laser-assisted
photodynamic pathway reported a 43% saving per
tumour compared with operative surgery, with five-year
success comparable to excision in an uncontrolled series.””
Any saving from a non-surgical first treatment must,
however, be weighed against the cost of treating the
additional failures identified in this analysis and of the
longer surveillance they require. Formal cost-
effectiveness analyses that incorporate the pooled failure
penalty, imaging costs and patient preferences would help
health systems, including those in Indonesia and other
Asian countries where BCC incidence is rising, to allocate
surgical, dermatological and radiological capacity.¢

5. Conclusion

Energy-based and physically ablative destructive
therapies for primary basal cell carcinoma were
associated with a clinically important increase in
treatment failure compared with surgical excision. The
most credible evidence, from randomised trials, indicated
an approximately five-fold relative increase (RR 5.34,95%
CI 2.76 to 10.33) with little heterogeneity, the absolute
excess across studies was about eight failures per 100
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tumours, and the difference became fully apparent only 5. Ibrahim N, Jovic M, Ali S, et al. The epidemiology,

with follow-up of three years or longer. Photodynamic healthcare and societal burden o_f basal_cell c_arcinoma _in

therapy delivered a better cosmetic result on low- Wales 2000-2018: a retrospective nationwide analysis.
certainty evidence, whereas radiotherapy and Br ] Dermatol. 2023;188(3):380-389.

cryosurgery dld not. d01101093/b]d/1]aC090

Surgical excision should remain the standard of care when 6 S;‘C(i:l(l:é) r]ri 2 [:qg;)r};::spl Cgle rliic?rfocmu;an:ggsrs:faaéoﬁg

tumour control is the principal goal. Photodynamic among the Chinese, Malays, and Indians in Singapore

therapy, radiotherapy and brachytherapy, laser ablation, from 1968-2016. JAAD Int. 2021;4:39-45.
electrochemotherapy and curettage-based destruction d0i:10.1016/j,jdin.2021.05.006

remain valuable for selected patients who are unsuitable . . .

. . . 7. Tiyawatanaroj A, Sudtikoonaseth P, Chayangsu O. Basal
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cosmetically sensitive sites, provided that selection is retrospective study of demographic ' clinical };nd
supported by imaging and histology and surveillance histopathological =~ features. = Dermatol  Reports.
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