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LARYNGOLOGY

Margin burden and postoperative management after
transoral laser microsurgery for laryngeal glottic
squamous cell carcinoma: a multicentre retrospective

study on 1216 patients

Al

Cover figure. The image illustrates how the assessment and orientation of surgical mar-
gins also depend on the type of excision performed (red lines overlaid in transparency: trans-
tumoural margins not to be evaluated; blue lines overlaid in transparency: deep margins to be
evaluated). A) Subligamentous dissection plane during a type Il cordectomy; B) Surgical bed
after a type Il cordectomy; C) Trans-tumoural incision during a type Vabcd multi-block resec-
tion; D) Surgical bed after a type Vabcd cordectomy.

Summary

Objective. To evaluate the prognostic impact of surgical margin burden and postoperative man-
agement after transoral laser microsurgery (TOLMS) for glottic laryngeal squamous cell carcinoma
(LSCC) in a large multicentre cohort.

Methods. A retrospective multicentre study included 1216 patients with pT1-pT3 LSCC treated
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with TOLMS. Surgical margins were classified as free, single superficial positive, multiple super-
ficial positive, or deep positive. Disease-free survival (DFS), disease-specific survival (DSS), and
overall survival (OS) were analysed using Kaplan-Meier estimates and multivariable Cox models,
accounting for pathological stage and postoperative management.

Results. Pathological T category was independently associated with DFS and DSS. A single super-
ficial positive margin showed DFS comparable to free margins. Multiple superficial positive margins
were associated with increased recurrence risk, while deep margin involvement was strongly as-
sociated with both recurrence (hazard ratio [HR] 3.96) and disease-specific mortality (HR 6.82).
Among patients with positive margins, second-look surgery achieved better DFS than postoperative
radiotherapy or surveillance. Residual carcinoma at revision surgery was a major predictor of poor
DFS and DSS.

Conclusions. After TOLMS, oncologic risk is driven by margin type and burden rather than margin
positivity alone. Deep margin involvement and residual disease identify patients requiring intensi-
fied management, supporting a risk-adapted postoperative strategy.
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Introduction

Laryngeal squamous cell carcinoma (LSCC) represents a
distinctive malignancy within head and neck oncology, ow-
ing to its anatomical complexity and the critical role of the
larynx in phonation, respiration, and swallowing. Although
LSCC is relatively uncommon, with an incidence that in-
creases steadily with age and peaks in older adults, global
survival outcomes have improved over recent decades. This
progress has been attributed to earlier diagnosis and the in-
creasing adoption of surgical organ-preserving treatment
strategies aimed at maintaining oncologic control while
minimizing functional morbidity .

Among surgical larynx-preservation approaches, transoral
laser microsurgery (TOLMS) has become a cornerstone in
the management of early and selected intermediate-stage
LSCC. When performed in experienced centres and in ap-
propriately selected patients, TOLMS provides excellent
local control and disease-specific survival (DSS), with fa-
vorable functional outcomes compared with open surgery
or total laryngectomy, even in intermediate-stage LSCC *.
Consequently, TOLMS is now widely incorporated into
contemporary treatment algorithms for glottic and selected
supraglottic cancers °.

Within this context, surgical margin status remains a pivotal
prognostic factor following TOLMS. However, margin as-
sessment in TOLMS is intrinsically challenging because of
specimen fragmentation, tissue shrinkage, thermal artifacts,
and subsite-specific anatomical constraints 6. A recent sys-
tematic review and meta-analysis confirmed that positive
margins are associated with inferior oncologic outcomes,
including higher risks of local recurrence, worse disease-
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free survival (DFS), and disease-specific mortality 7. Nev-
ertheless, substantial heterogeneity persists across studies
with respect to margin definitions, pathological reporting,
and postoperative management strategies.

Importantly, accumulating evidence suggests that not all
margin involvements carry the same prognostic weight.
Several retrospective series have demonstrated that a single
superficial positive margin, particularly in early-stage dis-
ease, does not uniformly translate into worse oncologic out-
comes and may be safely managed with close endoscopic
surveillance in selected cases 0. In contrast, deep margin
involvement and/or multiple positive margins are consist-
ently associated with a higher risk of local failure and often
prompt additional treatment, such as redo surgery or ad-
juvant radiotherapy (RT) *'°. Moreover, the action taken
in case of close/uncertain margins is arbitrary, with some
treating them as positive and others as negative margins.
The literature describes close margins as being associated
with a higher risk of local recurrence, which does not al-
ways translate into lower specific survival ''!2, This risk-
stratified interpretation of margins has been further rein-
forced by recent international consensus statements, which
emphasize individualised postoperative decision-making
based on margin type, margin burden, tumour characteris-
tics, and patient-related factors rather than a purely binary
margin classification 3.

Despite an expanding body of literature, evidence on mar-
gin status after TOLMS still largely derives from single-in-
stitution retrospective series, characterised by heterogene-
ous definitions and inconsistent postoperative strategies. As
a result, the prognostic meaning of different positive-mar-
gin patterns and their optimal management remain highly



variable and poorly standardised across centres, generating
persistent uncertainty in daily clinical practice.

In this multicentric study, we aim to evaluate the prognos-
tic significance of surgical margin status after TOLMS for
glottic LSCC using a standardised, risk-oriented margin
classification, also accounting for real-world postoperative
management strategies. By leveraging a large, multi-insti-
tutional cohort, this work seeks to clarify the differential
impact of superficial vs deep and single vs multiple margin
involvement, thereby providing clinically actionable evi-
dence to refine postoperative decision-making beyond the
existing single-centre literature.

Materials and methods

Study design and population

This retrospective study included patients with LSCC treat-
ed with TOLMS between January 2000 and October 2025
at 3 tertiary referral centres for otolaryngology and head
and neck cancer: the European Institute of Oncology (IEO),
IRCCS, Milan; IRCCS Ospedale Policlinico San Martino,
Genoa; and Hospital Clinic, University of Barcelona.
Adult patients (> 18 years) with histologically confirmed SCC
staged pT1-pT3 according to the 8th edition of the TNM Clas-
sification of Malignant Tumors ', without clinical evidence
of cervical lymph node or distant metastases (cNO, M0), and
treated with curative intent were eligible. Written informed
consent for the scientific use of clinical data was required.
Patients were excluded if they had undergone prior laryn-
geal surgery or RT, had an excisional biopsy performed at
another institution resulting in pTO status, had laryngeal
dysplasia or carcinoma in situ, showed evidence of persis-
tent disease within 3 months after treatment, were younger
than 18 years, or declined consent.

Demographic, clinical, radiological, treatment-related, and
outcome data were retrospectively collected, including age,
gender, smoking and alcohol history, preoperative imaging,
surgical procedure classified according to the European Lar-
yngological Society (ELS) classification, administration of
adjuvant therapies or need for second-look surgery (SLS),
oncologic outcomes (recurrence and survival), salvage
treatments, and status at last follow-up '>!¢. Histopatho-
logical reports were reviewed to assess tumour infiltration
patterns, namely involvement of the subepithelial connec-
tive tissue, vocalis muscle, anterior or posterior paraglottic
space, anterior commissure, and supra- or subglottic exten-
sion, as well as final margin status.

Surgical margins were systematically classified as free, close,
or positive based on histopathological assessment. Margins
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were defined as free when the distance between the tumour
and the resection edge was > 1 mm, close when the distance
was < 1 mm, and positive in the presence of SCC at the re-
section margin. In cases of margin involvement, the number
of positive margins and their anatomical location were re-
corded, distinguishing between superficial and deep margins.
In cases of deep or multiple superficial positive margins, or
when suspicious findings emerged after completion of the
healing phase, SLS was performed within 4-6 weeks of the
initial procedure. Indications for adjuvant treatment were
discussed by a multidisciplinary tumour board. Deviations
from the planned therapeutic strategy were primarily related
to patient refusal or medical contraindications precluding
additional treatment; in such cases, patients were managed
with a strict surveillance protocol. Otherwise, follow-up
was scheduled in accordance with the ELS guidelines .

Statistical analysis

Continuous variables were summarised as median and
interquartile range (IQR) or mean and standard deviation
(SD), as appropriate, while categorical variables were re-
ported as counts and percentages. Comparisons between
groups were performed using the ¥2 test or Fisher’s exact
test for categorical variables, and the Student’s ¢ test or
Mann-Whitney U test for continuous variables, according
to data distribution.

Oncologic endpoints included overall survival (OS), DFS,
and DSS. OS was defined as the time from surgery to death
(any cause), DFS as the time from surgery to disease recur-
rence (any type of recurrence), and DSS as the time from sur-
gery to death from disease. Survival curves were estimated
using the Kaplan-Meier method and compared using the log-
rank test. Although laryngectomy-free survival (LFS) was
initially considered as an outcome of interest, the low num-
ber of events resulted in limited statistical power. A post hoc
power analysis showed an estimated power of approximately
18%; therefore, formal time-to-event analyses for LFS were
not pursued, and laryngeal preservation was reported de-
scriptively as the final laryngeal preservation rate.
Univariable and multivariable Cox proportional hazards re-
gression models were used to assess the association between
clinicopathological variables and survival outcomes. For mar-
gin-related analyses, close and free margins were grouped into
a single category and compared against positive margins, after
preliminary Kaplan-Meier analyses indicated that this catego-
risation provided the best balance between model stability and
clinical relevance. In all analyses, patients with free margins
who underwent radical TOLMS and postoperative surveil-
lance were used as the reference category.
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Table 1. Clinical, demographic, and tumour characteristics of 1216 pa-
tients.

Characteristic N =1216

Gender
Female 126 (10%)
Male 1090 (90%)
Age 66 (59, 74)
Smoke 922 (78%)
Unknown 32
Alcohol 179 (17%)
Unknown 132
pT category
1 696 (57%)
2 339 (28%)
3 181 (15%)
TOLMS cordectomies according to the ELS ('2'3)
1-2 419 (35%)
3-6 789 (65%)
Unknown 8
Margin status
Free/close 772 (63%)
Positive 444 (37%)
Postoperative management
Follow-up (free/close 772 (63%)
margins)
Second-look surgery 207 (17%)
Adjuvant therapy 72 (5.9%)
Second-look surgery + 15 (1.2%)
adjuvant therapy
Surveillance (positive 150 (12%)
margins)
Residual carcinoma after 61 (5%)
second-look surgery
Follow-up time 61(33,97)
Total laryngectomy 64 (5.3%)
Last follow-up status
NED 970 (80%)
AWD 9 (1%)
DOC 176 (14%)
DOD 61 (5%)

Data are presented as number (%) unless otherwise indicated. Continuous variables are re-
ported as median (interquartile range). TOLMS, transoral laser microsurgery; ELS, European
Laryngological Society (>'3); pT, pathologic tumour category; NED, no evidence of disease;
AWD, alive with disease; DOC, death from other causes; DOD, death from disease.

To further evaluate the oncologic risk associated with surgi-
cal margin status, dedicated analyses focused on patients
with positive margins who deviated from the planned post-
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operative protocol and were managed with surveillance
alone. Within this subgroup, margin status was further
characterised according to the number of involved margins
and their anatomical type (superficial vs deep), allowing as-
sessment of survival outcomes in patients whose oncologic
course was driven by residual disease without additional
surgical or adjuvant treatment.

Variables included in multivariable models were selected a
priori based on clinical relevance. The proportional hazards as-
sumption was evaluated using Schoenfeld residuals and further
assessed by fitting time-dependent effects through polynomial
regression of scaled Schoenfeld residuals. Model diagnostics
were performed to verify the adequacy of the fitted models.
All statistical tests were two-sided, and a p value < 0.05 was
considered statistically significant. Statistical analyses were
conducted using dedicated statistical software (R Founda-
tion for Statistical Computing, Vienna, Austria; and Jamovi,
The Jamovi Project).

Results

A total of 1216 patients treated with TOLMS for glottic
LSCC were included (IEO, n = 674; San Martino, n =447,
Hospital Clinic, n = 95). The cohort was predominantly
males (90%) and smokers (78%), with a median age of 66
years (IQR 59-74) (Tab. I). Pathological stage was pT1 in
57%, pT2 in 28%, and pT3 in 15%. Final margins were
free in 63% and positive in 37%. Postoperative manage-
ment included follow-up alone (63%), SLS (17%), adju-
vant therapy (5.9%), combined SLS and adjuvant therapy
(1.2%), and surveillance despite positive margins (12%).
Residual carcinoma was identified in 61 patients (27% of
revision surgeries). At last follow-up, 80% were alive with
no evidence of disease, 14% had died from other causes,
and 5% had died of disease; total laryngectomy was re-
quired in 5.3%.

Survival analysis

At initial Kaplan-Meier analyses stratified by pT category,
surgical margin status, and postoperative management, sur-
vival curves showed progressive separation across increas-
ing categories for OS, DFS, and DSS (log-rank p < 0.001).
Patients with pT1 disease had the most favourable survival,
followed by pT2 and pT3 tumors. Across endpoints, pa-
tients with free margins consistently showed higher survival
probabilities than those with positive margins (Fig. 1A-F).

Given the known technical challenges associated with tu-
mors involving the anterior commissure, we further ex-
plored the relationship between pathologic tumour extent,
anterior commissure involvement, and the risk of positive
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Figure 1. A-F) Kaplan-Meier survival curves stratified by pathological T category and margin status. Panels A and D show disease-free survival
(DFS); panels B and E show disease-specific survival (DSS); panels C and F show overall survival (0S). Panels A-C are stratified by pathological T cat-
egory (pT1, pT2, pT3), demonstrating a stepwise worsening of DFS, DSS, and 0S with increasing tumour category. Panels D-F are stratified by margin
status after surgery, also showing worse survival outcomes in patients with positive margins compared to radical surgery.

margins. In univariate logistic regression, anterior commis-
sure involvement was associated with an increased likeli-
hood of positive margins (OR 1.47, 95% CI 1.05-2.06;
p = 0.03). However, in multivariable analysis, this associa-
tion was no longer significant after adjustment for pT cate-
gory, with pathologic T category emerging as the dominant
predictor of margin positivity (OR 4.56, 95% CI 3.13-6.65;
p < 0.001), suggesting that the increased risk attributed to
anterior commissure involvement is largely mediated by
greater tumour extent rather than by anatomical site alone.

Stratification by postoperative management revealed dis-
tinct survival patterns. Patients managed with follow-up
alone after radical TOLMS in first instance, showed higher
survival probabilities, whereas those undergoing combined
SLS with adjuvant treatment displayed progressively lower
survival estimates, with this latter subgroup showing the
lowest DFS and DSS over time (Fig. 2A-B).

In multivariable analyses, pathological T category was in-
dependently associated with recurrence risk and DSS. For
DFS, compared with pT1 tumours, pT2 had a HR of 2.49

(95% CI 1.69-3.66; p < 0.001) and pT3 a HR of 4.33 (95%
CI 2.83-6.62; p < 0.001). For DSS, pT2 tumours showed a
HR of 2.18 (95% CI 1.08-4.88; p = 0.003), and pT3 a HR
of 4.68 (95% CI 2.02-10.82; p < 0.001)

When surgical margins were examined in the multivari-
able analysis, patients with one superficial positive margin
showed DFS comparable to free margins (HR 1.39, 95%
CI 0.74-2.62; p = 0.302). In contrast, patients with > 1 su-
perficial positive margin exhibited an increased recurrence
risk (HR 2.31, 95% CI 0.99-5.48), reaching borderline sta-
tistical significance (p = 0.055). Deep margin involvement
was associated with a markedly higher recurrence risk (HR
3.96,95% CI12.22-7.03; p < 0.001).

For DSS, deep margin involvement emerged as the only
margin-related factor significantly associated with disease-
specific mortality (HR 6.82,95% CI2.71-17.14; p < 0.001),
whereas superficial margin involvement, both as single or
multiple, was not (HR 1.72, 95% CI 0.49-5.98; p = 0.394).
Age was not associated with DFS or DSS (p > 0.05) but was
significantly associated with OS (p < 0.05).
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Figure 2. A-B) Cumulative hazard curves from Cox proportional hazards models according to postoperative management after TOLMS. Panel A
shows cancer-related mortality and panel B tumour recurrence. Follow-up after free margins was associated with the lowest cumulative hazards,
whereas combined second-look plus adjuvant treatment had worse outcomes.

Overall, these findings delineated a progressive gradient of
recurrence risk from free margins and one superficial in-
volved, to > 1 superficial margins, and ultimately to deep
margin involvement, corroborated by adjusted DFS curves.
Adjusted DSS curves confirmed the distinct prognostic role
of deep margin involvement (Fig. 3A-B).

To evaluate postoperative management in patients with
positive margins, multivariable Cox models were fitted ac-
counting for collinearity between margin status and treat-
ment by stratifying the baseline hazard according to margin
type (free, superficial, deep). In these models, pT catego-
ries remained independently associated with DFS and DSS
(p <0.05).

Using radical surgery (free/close margins) as the reference cat-
egory, postoperative management strategies delineated distinct
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oncologic trajectories in multivariable Cox models. Patients
undergoing SLS with negative final histopathology — reflect-
ing successful re-radicalisation — showed no significant differ-
ences in DFS or DSS compared with the reference group.
Among patients with residual carcinoma at SLS, divergent
patterns emerged according to subsequent management.
Patients managed with surveillance exhibited the highest
risks of both recurrence (DFS: HR 3.96, 95% CI 2.46-6.29;
p < 0.001) and disease-specific death (DSS: HR 5.04, 95%
CI 2.18-11.68; p < 0.001). In contrast, patients receiving
adjuvant therapy after SLS did not show a statistically sig-
nificant increase in recurrence risk, suggesting a partial mit-
igation of disease progression; however, their risk of dis-
ease-specific mortality remained markedly elevated (DSS:
HR 4.37,95% CI 1.24-15.45; p = 0.022) (Fig. 4A-B).
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Figure 3. A-B) Adjusted survival curves derived from Cox proportional hazards models according to surgical margin type. Panel A shows disease-
free survival, and panel B disease-specific survival. Margins are classified as free, single superficial positive, multiple superficial positive, and deep
positive. Survival estimates are adjusted using average covariate values. Deep margin involvement is associated with markedly worse outcomes,
whereas single superficial involvement shows survival comparable to free margins.

Discussion In all analyses, pT category showed a strong, independent
) ) ) association with both DFS and DSS, with a clear stepwise
In this large cohort of 1216 patients treated with TOLMS for gradient from pT1 to pT3 tumours. This finding is fully con-

pT1-pT3 glottic LSCC, we provide robust multicentre evi-  gjgtent with the existing literature and reinforces the concept
dence supporting a granular, risk-oriented evaluation of sur-  that local tumour extension remains the cornerstone of on-
gical margins and postoperative management. cologic risk stratification in LSCC. Large single-centre and
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A

Figure 4. A-B) Multivariable Cox proportional hazards models for oncologic outcomes. Panel A shows hazard ratios for disease-free survival, and
Panel B for disease-specific survival. Models were stratified by margin status (superficial, deep) and adjusted for pathologic tumour category, post-
operative management, and presence of residual carcinoma at second-look surgery. Squares indicate point estimates and horizontal bars represent
95% confidence intervals; the vertical dashed line denotes the null effect (HR = 1). Cl: confidence interval; DFS: disease-free survival; DSS: disease-
specific survival; HR: hazard ratio; pT: pathologic tumour category; SLS: second-look surgery.

multicentre series have consistently demonstrated inferior
outcomes for pT2 and pT3 tumour compared with pT1 le-
sions after TOLMS. Marchi et al. in a multicentric study of
637 pT2-pT3 glottic cancers, reported significantly worse
local control and DSS in tumours involving the paraglottic
space, particularly posterior paraglottic space involvement,
despite uniform surgical strategies *. Furthermore, other au-
thors have repeatedly shown that tumour location, depth of
infiltration and three-dimensional tumour spread, rather than
TNM category alone, drive recurrence risk after TOLMS *!3,
Our findings not only confirm these observations in a broad-
er, real-world multicentre cohort, but also strengthen them
by demonstrating, within a single analytical framework, that
margin-related effects remain independent from pT category.
The central contribution of the present study lies in its nu-
anced analysis of different margin burden.

While margin positivity has traditionally been considered
an adverse prognostic factor, our data clearly quantify the
different hazards associated with the number and type of
positive margins.
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Patients with a single superficial positive margin exhibited
DES fully comparable to those with free margins, with no
signal of clinically meaningful increase in recurrence risk
(p > 0.05). This aligns closely with prior evidence suggest-
ing that superficial margin involvement, particularly when
isolated, often reflects technical and pathological artifacts
rather than true residual disease. Fiz et al. reported that up
to 80% of close/superficial margins after TOLMS may be
false positives, largely due to laser-induced thermal dam-
age, specimen shrinkage, and orientation difficulties "
(Cover figure).

Our data reveal a clear biological gradient of recurrence
risk with increasing superficial margin burden (> 1 superfi-
cial positive margin). This gradient supports a quantitative
interpretation of margin involvement, in line with the con-
cept of “margin burden” proposed in several contemporary
reviews and consensus statements, while providing, for the
first time, a data-driven quantification of the associated on-
cologic risk. These findings indeed extend previous obser-
vations suggesting a limited prognostic impact of isolated



superficial margin involvement %!%!2 into a robust multi-
centre framework.

Deep margin involvement emerged as the most clinically
relevant and statistically robust variable in our analysis. Pa-
tients with deep positive margins showed a nearly 4-fold in-
creased risk of recurrence and a more than 6-fold increased
risk of disease-specific death, independent of pT category.
These findings are in strong agreement with previous litera-
ture. Fiz et al. and Vander Poorten et al. both emphasised
that deep margin positivity, particularly when associated
with multiple involved margins, represents a true oncologic
risk and generally warrants additional treatment, preferring
SLS when feasible over RT '*2'.

Notably, recent meta-analyses addressing margin status af-
ter TOLMS have yielded heterogeneous results. De Virgilio
et al. reported an association between positive margins and
worse local control and survival, but also highlighted sub-
stantial variability in margin definitions and postoperative
management’. Tandelli et al. found that positive margins
were associated with an aHR for OS of 1.30, with wide CI
crossing unity, underscoring the difficulty of interpreting
margins without stratification by type and burden .

Our data help reconcile these discrepancies by providing
strong multicentre evidence that deep margin involvement
is the true driver of disease-specific mortality after TOLMS.
Another key finding of this study concerns the role of post-
operative management strategies in patients with positive
margins. Patients managed with SLS generally experienced
better DFS than those treated with adjuvant RT or surveil-
lance alone, although DSS remained inferior to that of pa-
tients achieving primary surgical radicality. Importantly,
patients managed with adjuvant therapy or surveillance de-
spite positive margins likely represent intrinsically higher-
risk categories, reflecting greater tumour burden or techni-
cal constraints limiting further endoscopic resection.

These findings are closely aligned with earlier single-institu-
tion evidence, who had already questioned the true protective
role of postoperative RT following TOLMS for early-interme-
diate glottic cancer '°. In that experience, adjuvant RT failed
to demonstrate a clear advantage over SLS in terms of local
control, suggesting that RT alone may be insufficient to com-
pensate for incomplete surgical radicality. Importantly, it was
also emphasised that the risk of positive margins is not driven
by anatomical subsite per se, but rather by the combined effect
of tumour burden and technical factors, including laryngeal
exposure, with the apparent impact of anterior commissure in-
volvement largely mediated by pathologic T category.

When stratified by margin type, our data identify SLS as the
key survival discriminator, being associated with favoura-

Prognostic role of surgical margins after TOLMS

ble outcomes when there is no evidence of residual disease
after radicalisation, whereas its prognostic value collapses
in the presence of residual carcinoma.

Indeed, patients with histologically confirmed residual dis-
ease at SLS showed DFS and DSS comparable to those
treated with SLS plus adjuvant therapy, and markedly
worse than patients with negative re-resection, supporting a
clear prognostic distinction between false-positive margins
and true residual tumour.

This risk-based framework closely mirrors the pragmatic
algorithm proposed by Vander Poorten et al. 2!, in which
isolated superficial margin involvement may be managed
with intensified follow-up, whereas multiple superficial or
deep positive margins warrant additional action, preferen-
tially SLS, reserving postoperative RT for cases in which
negative re-resection is unlikely or residual/multifocal dis-
ease persists 2. In more advanced disease, these findings
intersect with the evidence summarised by Pinacoli et al. in
pT3 glottic cancers treated by TOLMS, where postopera-
tive (chemo)RT was associated with improved local control
and DFS ?*. Importantly, however, that analysis focused on
the impact of adjuvant treatment after primary TOLMS and
did not specifically address the prognostic role of SLS or
the biological implications of residual disease. As such, the
management of failed endoscopic radicality remained be-
yond the scope of that study.

Our data expand this framework by introducing a dynamic,
pathway-based interpretation of postoperative manage-
ment. In patients undergoing SLS, negative histopathologi-
cal findings (no residual disease) effectively show similar
prognosis to that of patients with free margins.

Residual carcinoma at SLS identified a subgroup with an
unfavourable oncologic profile, mostly represented by pa-
tients with initially pT2-3 disease and profound deep mar-
gin involvement.

Adjuvant therapy was associated with improved DFS, al-
though this did not translate into directly improved DSS.
In this context, residual carcinoma after SLS may indicate
limited endoscopic oncologic control in selected high-risk
patients rather than inadequate postoperative treatment in-
tensity. In such cases, early multidisciplinary evaluation,
including consideration of alternative surgical strategies,
may be appropriate within a risk-adapted, patient-centred
framework.

The retrospective design and the inherent heterogeneity of
postoperative management across centres represent una-
voidable limitations. Although multivariable and stratified
analyses were used to mitigate confounding, residual se-
lection bias cannot be excluded. Additionally, margin as-
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Table Il. Final take home messages.

Margin status/main finding Key message

Margin positivity (overall concept)

Margin positivity after TOLMS is not a binary prognostic variable. Oncologic risk is driven by margin type and burden
(single superficial, multiple superficial, deep), rather than by a simple positive/negative classification

Single superficial positive margin

Behaves comparably to free margins in terms of DFS, supporting conservative postoperative management and
surveillance in appropriately selected patients

Multiple superficial or deep
margin involvement

Oncologic risk increases with margin burden. Multiple superficial margins are associated with a higher risk of
recurrence, while deep margin involvement represents the most adverse pattern, independently associated with both
recurrence and disease-specific mortality

Residual carcinoma at second-
look surgery

Identifies a distinct high-risk subgroup with markedly worse DFS and DSS. Oncologic outcomes in these patients
suggest aggressive tumour biology or failure of endoscopic disease control, supporting intensive surveillance, or early
treatment escalation beyond endoscopic-only strategies

sessment remains dependent on pathological interpretation,
which may vary across institutions despite shared defini-
tions.

Conclusions

This multicentre study demonstrates that the prognostic im-
pact of surgical margins after TOLMS for glottic LSCC is
driven primarily by margin type and burden rather than by
margin positivity alone. Deep margin involvement and re-
sidual carcinoma at SLS are the key determinants of recur-
rence and disease-specific mortality. These findings strong-
ly support a risk-adapted, individualised more aggressive
postoperative strategy, consistent with contemporary in-
ternational consensus, and provide solid basis for refining
clinical decision-making after TOLMS in high-risk patients
(Tab. II).
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