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Summary

Objective. The treatment strategy for cT3 glottic squamous cell carcinoma (SCC) is far from be-
ing standardised, and the role of adjuvant treatment(s) is not clearly defined. This study assessed 
the impact of adjuvant (chemo-)radiotherapy ([C]RT) for patients with pT3 glottic SCC treated by 
transoral carbon dioxide laser microsurgery (CO

2 TOLMS) presenting adverse pathological features. 
Methods. A multicentric retrospective study was conducted at 3 referral hospitals, including pa-
tients with pT3 glottic SCC treated from January 2010 to October 2023. Demographic, clinical, 

Cover figure. cT3 glottic squamous cell carcinoma (SCC) with fixed vocal cord and normal ar-
ytenoid mobility centred in the mid-anterior third of the right true vocal fold, extending to the ante-
rior commissure in the paramedian right region. Laterally, the tumour infiltrates the anterior para-
glottic space (PGS) in its entirety, and is in focal contact with the perichondrium of the ipsilateral 
thyroid lamina. In the posterior third of the right true vocal cord, signal alterations consistent with 
perilesional oedema are predominant; within this context, the lesion does not appear to reach the 
vocal process of the arytenoid cartilage and ipsilateral posterior PGS. Postoperative histopatho-
logic examination after transoral laser microsurgery confirmed the tumour to be a pT3 SCC with-
out thyroid cartilage involvement, R0 margins, and no further adverse risk-factors. No adjuvant 
treatment was deemed necessary after multidisciplinary tumour board discussion.
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and histopathological data were collected, together with data on surgery, postoperative functional performance, adjuvant treatment(s) with (C)RT, and 
complications. Five- and 10-year overall (OS), disease-specific (DSS), disease-free (DFS), and total laryngectomy free survivals (TLFS) were estimated by 
Kaplan-Meier curves. Uni- and multivariate Cox proportional hazards regression models were used to determine independent risk factors for survivals. 
Results. One hundred and forty-one patients treated with CO2 TOLMS for pT3 glottic SCC were included in the study. Twenty-six (18.4%) patients received 
adjuvant treatment(s): 19 (13.5%) received RT alone, and the remaining 7 (5%) received CRT. Five-year OS, DSS, DFS, and TLFS were 78.1%, 91.5%, 49.7%, 
and 64.8%, respectively. Age independently correlated with worse OS, DFS, and TLFS at both uni- and multivariate Cox analysis. Adjuvant therapy was an 
independent protective factor for recurrence or death (DFS) at univariate (hazard ratio [HR] 0.46, p = 0.03) and multivariate (HR 0.38, p = 0.01) Cox analysis. 
Conclusions. This study suggests that adjuvant treatment with (C)RT has a positive impact on DFS for pT3 glottic SCC treated by CO2 TOLMS. The similar 
OS, DSS, and TLFS observed in pT3 SCC treated by CO2 TOLMS alone and a selected group of unfavourable lesions needing adjuvant (C)RT show that adding 
such a treatment on top of conservative surgery may ensure good oncologic outcomes even in a selected subgroup of more aggressive glottic pT3. Further 
prospective studies should be conducted to validate these findings and confirm the relevance of adjuvant treatment(s) in this setting.

Key words: larynx, cancer, T3, glottis, CO2 laser, transoral microsurgery, adjuvant treatment, radiotherapy

Introduction
The treatment strategy for cT3 glottic squamous cell carci-
noma (SCC) is far from being standardised, with multiple 
alternatives available within clinical guidelines 1-3. Selection 
of patients is key to achieve the best outcomes with the differ-
ent treatment options (transoral carbon dioxide laser micro-
surgery [CO

2
 TOLMS] 4, open partial horizontal laryngecto-

mies [OPHL], non-surgical organ preservation protocols, or 
total laryngectomy [TL]), but little is mentioned about how 
patients should be selected. Heterogeneous lesions can be in-
cluded in the cT3 category: in fact, based on the 8th Edition 
of the TNM classification (8TNM) 3, this category includes 
tumours infiltrating the inner cortex of the thyroid cartilage, 
as well as lesions invading the paraglottic space (PGS) and 
those causing vocal fold/arytenoid fixation. Most impor-
tantly, the 8TNM does not differentiate the site of neoplastic 
PGS involvement between an anterior versus posterior PGS, 
or the cause of vocal cord (and/or arytenoid) motility impair-
ment, leaving apart the intrinsic subjectivity in evaluating 
such subtle clinical details  5. These factors, however, have 
been demonstrated to be negative prognosticators for laryn-
geal SCC survival and organ preservation 6-8. Given such a 
marked heterogeneity for cT3 glottic SCC, it is of paramount 
importance to correctly evaluate these patients, approaching 
the related therapeutic decision in a multidisciplinary tumour 
board based on features of the individual patient and tumour. 
CO

2
 TOLMS has gained popularity in the last decades as a 

minimally invasive treatment technique that is also suitable 
for selected intermediate-stage cancers. Adequate patient 
selection, thorough preoperative assessment, and surgical 
skills are key in offering good oncological outcomes with 
this technique  9. The main treatment-related limitation of 
CO

2
 TOLMS is represented by the appropriate glottic expo-

sure under rigid laryngoscopy. Tumour-related limitations 
for TOLMS in cT3 glottic lesions, on the other hand, are 
represented by thyroid cartilage invasion, extension to the 

posterior PGS (with or without invasion of the posterior or 
lateral cricoarytenoid muscles), arytenoid fixation  10, and 
significant supra- and/or subglottic extension 9.
Despite comprehensive preoperative evaluation of the patient 
by flexible and rigid laryngoscopy plus radiological imaging 
(CT or MRI), local extension of the tumour may sometimes be 
underestimated. This occurs because the interface among thy-
roid cartilage (internal perichondrium) and tumour is not eas-
ily assessable, especially considering the perichondral reaction 
and inflammatory process that surrounds the lesion itself 11. On 
the other hand, evaluation of surgical margins after TOLMS 
also remains a significant challenge, preventing standardisa-
tion of this technique for T3 glottic tumours. Pathological as-
sessment is often complicated by specimen shrinkage, thermal 
damage, and coarctation, which frequently lead to histological 
examinations that cannot confirm thorough oncologic radicali-
ty. Additionally, the reported high rates of positive or uncertain 
margins in this setting are likely overestimated, as shown by 
the substantial proportion of negative histological findings in 
subsequent “second look” procedures 12,13. Moreover, in some 
cases, further resection is either unfeasible (e.g., when involv-
ing deep cartilaginous margins) or poses substantial functional 
challenges for the patient. 
Another potential strategy to deal with the presence of un-
certain margins is the implementation of adjuvant treatments 
(including [chemo]radiotherapy [(C)RT]) with the goal of la-
ryngeal preservation 14, although this is not exempt of adverse 
effects and complications. This is not the only indication for 
adjuvant therapy, as the National Comprehensive Cancer Net-
work (NCCN) guidelines (version 4.2024) also recommend 
considering postoperative RT for patients with pT3 disease 
and adverse histopathological features 1. However, the indica-
tions for adjuvant therapy in this particular category of pT3 
glottic SCC are not clearly defined, the possible oncological 
benefit of multimodal treatment is still unclear and, what is 
most relevant, could result in some functional impairment and/
or potential sequelae for the patient. Moreover, one should no-
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tice that recommendations for postoperative RT are primarily 
based on two landmark trials that demonstrated improved out-
comes in patients with high-risk pathological features such as 
extranodal extension (ENE), positive (R1) or close (R close) 
margins, and advanced nodal disease  15,16. However, these 
studies predominantly involved tumours of the oral cavity, 
oropharynx, and hypopharynx where the prognostic impact of 
features like perineural (PNI) and lympho-vascular invasion 
(LVI) is well established. Laryngeal cancers were underrep-
resented – only 22% of cases in Bernier et al. 15, with no sub-
site specification, and a mere 5% of glottic tumours in Cooper 
et al. 16. This discrepancy highlights a limitation in applying 
these results uniformly across all head and neck subsites, par-
ticularly to glottic cancers, which may behave differently and 
warrant more tailored treatment considerations.
Therefore, this study assessed the impact of adjuvant 
treatment(s) by (C)RT in patients with pT3 glottic SCC 
treated by CO

2
 TOLMS and presenting adverse pathologi-

cal features. 

Materials and methods
A multicentric retrospective study was conducted at the De-
partments of Otolaryngology – Head and Neck Surgery of 
Spedali Civili, University of Brescia (Italy), Hospital Clínic, 
Barcelona (Spain), and Ospedale Policlinico San Martino, 
Genoa (Italy) after approval by the appropriate Institutional 
Review Boards (NP4267). The study was carried out in ac-
cordance with the principles of the Helsinki Declaration. 
Patients with glottic cancer who underwent CO

2
 TOLMS 

with or without adjuvant (C)RT from January 2010 to Oc-
tober 2023 were reviewed and data collected. The inclu-
sion criteria were: (1) biopsy-proven SCC; (2) originating 
from the glottic region; (3) staged as pT3 according to the 
8TNM 3. Exclusion criteria were: (1) patients with distant 
metastasis at the time of treatment; (2) (C)RT for previous 
head and neck tumours; (3) follow-up < 6 months; (4) his-
tory of re-resections by OPHL or TL to clear margins. 
All patients underwent surgery with radical intent, by 
Type IV, V, or VI cordectomies according to the European 
Laryngological Society (ELS) classification 17,18. Elective or 
therapeutic neck dissection was performed concomitantly 
with CO

2
 TOLMS according to the presence or suspicion of 

nodal metastasis at presentation. Routine prophylactic neck 
dissection (ND) was not indicated for cT3N0 tumours as 
per common policy among the 3 centres. All patients and 
their histological examinations were reviewed in multidis-
ciplinary oncological head and neck boards and the indica-
tions to adjuvant treatment(s) discussed. 

The variables collected included demographic data (age, 
gender, smoking, and alcohol consumption), previous CO

2
 

TOLMS, preoperative clinical TNM classification, vocal cord 
and arytenoid motility, details on surgical treatment, adjuvant 
treatment(s), anterior or posterior PGS invasion, surgical mar-
gins status, PNI and LVI, inner cortex thyroid cartilage in-
volvement, areas of the larynx involved (such as anterior com-
missure, supraglottis, and subglottis), postoperative functional 
performance (dysphagia, ab ingestis pneumonia, and need for 
percutaneous gastrostomy or TL for functional reasons). 
Based on preoperative imaging, tumours were classified 
as anterior or posterior to a plane tangential to the vocal 
process of the arytenoid and perpendicular to the ipsilateral 
thyroid lamina as described by Succo et al. 6,19. Clinically 
impaired arytenoid motility was also considered a sign of 
PGS posterior compartment involvement for patients with-
out a preoperative CT scan available. 
Surgical margins were defined as positive if tumour cells were 
clearly evident in the inked margin of the specimen, negative 
if resection was achieved within tumour-free margins > 1 mm, 
and uncertain if resection had close tumour-free margins 
(< 1 mm), or if it was not feasible to correctly evaluate the 
resection margins by the pathologist (in case of complex multi-
bloc resection, marked thermal damage, or resection reaching 
cartilaginous structures). Due to the high rate of false positive 
margins in CO

2
 TOLMS, a common policy shared by the 3 

centres is to adopt a wait-and-see strategy for a single super-
ficial positive margin, while proposing a transoral re-resection 
(if feasible) for multiple superficial and deep positive margins. 
Common indications for adjuvant (C)RT within the 3 mul-
tidisciplinary tumour boards were: pathological findings of 
clearly positive margins not amenable of re-excision, nodal 
category  ≥  pN2a, and presence of PNI and/or LVI in the 
final histopathologic report. 
Adjuvant RT was delivered by 3D conformal technique or 
by intensity-modulated RT (IMRT), and the dose ranged 
from 54 to 70 Gy on the tumour bed and neck nodes. Plati-
num-based chemotherapy was offered in combination with 
RT to all patients with ENE or R1 deep resection margins 
not amenable for re-excision, considering the patients’ age 
and comorbidities. 
Postoperative follow-up was conducted according to the 
ELS recommendations  20, including a flexible videolaryn-
goscopy every 2 months for the first 2 years, every 3-4 
months for the third and fourth, every 6 months for the fifth, 
and once a year until the tenth. One MRI or CT scan every 
6 months were performed in the first 2 years of follow-up. 
Additional clinical or radiological procedures were carried 
out according to the specific clinical presentation.
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Statistical analysis
Categorical variables were summarised as counts and per-
centages. For continuous variables, a Shapiro-Wilk normality 
test was performed. If values were normally distributed, they 
were reported as mean ± standard deviation (SD). For each 
patient, the time at risk was computed from the date of surgery 
to the date of the event of interest or the latest available clini-
cal or radiological evaluation (censored observations). Overall 
survival (OS) was defined as the time from surgery to death; 
disease-free survival (DFS) as the time from surgery to disease 
recurrence (local, regional or distant) or death; disease-specific 
survival (DSS) as the time from surgery to death from disease; 
total laryngectomy free survival (TLFS) as the time from sur-
gery to TL or death. These outcomes were estimated with the 
Kaplan-Meier method. Univariate survival analysis was per-
formed using a Cox proportional hazards regression model 
to identify factors associated with survival. To determine in-
dependent risk factors for OS, DFS, and TLFS, variables that 
were significant in univariate analysis or those with clinical 
importance were introduced into a multivariate Cox propor-
tional hazards regression model (forward and backward step-
wise, p < 0.05 for entry, p > 0.10 for removal). Results were 
expressed in terms of hazard ratios (HR) and 95% confidence 
intervals (CI). A value of p < 0.05 was considered statistically 
significant. Statistical analysis was performed using Stata/BE 
17.0 (Stata Statistical Software: Release 17. College Station, 
TX: StataCorp LLC, USA).

Results
One hundred and forty-one patients treated with CO

2
 TOLMS 

for pT3 glottic SCC were included in the present study. De-
mographic and clinical data are shown in Table I. Considering 
high-risk features, information on PNI and LVI were available 
for only some of the specimens. PNI could be assessed in 86 
tumours, being present in 19 of these, whereas LVI was as-
sessed in 85 tumours and was positive in 20. Thyroid cartilage 
involvement could be assessed in 136 patients and inner cortex 
involvement was documented in 19 (14%). Margin status was 
reported as negative in 53 patients (37.9%), uncertain in 42 
(30%), and positive in 45 (32.1%), with only one patient lack-
ing this information. An elective or therapeutic neck dissection 
was performed in 13 patients (9.2%) when required, of which 
8 had no evidence of regional metastasis at pathologic exami-
nation (pN0) and 4 were staged as pN1 and one as pN2a.
Following evaluation by the tumour board, a total of 26 pa-
tients (18.4%) received adjuvant treatment(s): 19 (13.5%) 
received RT alone and the remaining 7 (5%) received CRT. 
Twenty of these patients had R1 margins, and 4 uncertain 

margins (2 with posterior PGS and subglottic involvement, 
and one with nodal metastasis). The remaining 2 had R0 
margins with posterior PGS involvement and adverse histo-
pathologic features (PNI, LVI, and/or inner perichondrium 
of thyroid cartilage involvement). 
Regarding functional outcomes, none of the patients were 
tracheostomy-dependent or required a gastrostomy for enteral 
feeding at the last follow-up. Only one patient (0.7%) required 
functional TL but had not undergone adjuvant treatment.
Complications related to treatment by CO

2
 TOLMS were 

reported in 10 patients (8.9%): 8 presented a local bleeding 
(one requiring a temporary tracheostomy for airway protec-
tion) and 2 had cervical subcutaneous emphysema that was 
managed conservatively. Complications related to adjuvant 
(C)RT were reported in only one case developing laryngeal 
stenosis managed without tracheostomy. 
Mean follow-up time was 63  ±  43.3 months. Five- and 
10-year OS, DSS, DFS, and TLFS are reported in Table II.
After a mean follow-up of 15.2 ± 13.5 months, 56 patients 
(39.7%) developed a recurrence. Of these, 12 presented 
with concomitant local and regional recurrences, 32 exclu-
sive local recurrence, and 7 exclusive nodal relapse. Three 
patients (3.6%) developed local, nodal, and distant recur-
rence, and 2 developed local and distant recurrence. 
Local recurrences were managed by CO

2
 TOLMS in 14 pa-

tients (25.5%). Overall, 101 patients (71.6%) achieved ade-
quate disease control with CO

2
 TOLMS alone. However, 26 

patients (18.4%) required salvage TL with neck dissection, 
5 (3.5%) received an OPHL as salvage treatment, 3 (2.1%) 
underwent CRT, 2 (1.4%) RT alone, 3 (2.1%) selective neck 
dissection for exclusive nodal relapse, and 2 (1.4%) pallia-
tive and supportive care. 
Results from uni- and multivariate Cox regression analysis 
for 5-year OS, DFS, and TLFS are shown in Table III. DSS 
was excluded from the analysis due to few numbers of events. 
No statistically significant differences were found between 
OS, DSS, and TLFS in pT3 treated by CO

2
 TOLMS alone 

and those receiving adjuvant (C)RT. Age independently cor-
related with worse OS, DFS, and TLFS at uni- and multivari-
ate Cox analysis. Kaplan-Meier survival estimates for OS, 
DSS, DFS, and TLFS are shown in Figures 1A-D. Adjuvant 
treatment(s) was an independent protector factor for recur-
rence of disease or death (DFS) at uni- (HR 0.46, p 0.03) and 
multivariate (HR 0.38, p 0.01) Cox analysis (Fig. 1C). 

Discussion
To the best of our knowledge, this is the first study to assess 
the impact of adjuvant treatment with (C)RT on pT3 glottic 
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Table I. Demographics and tumour characteristics.

Age, mean ± SD (years) 68.3 ± 10.5

Age > 65 years, n. (%) 92 (65.3)

Males, n. (%) 124 (87.9)

Smoker, n. (%) 125 (89.9)

Regular alcohol consumption, n. (%) 53 (38.4)

Impaired vocal cord/arytenoid motility at diagnosis, n. (%) 86 (61.4)

cT cT1, n. (%) 9 (6.4)

cT2, n. (%) 35 (24.8)

cT3, n. (%) 97 (68.8)

cN cN0, n. (%) 130 (92.2)

cN1, n. (%) 6 (4.3)

cN2a, n. (%) 0 (0)

cN2b, n. (%) 2 (1.4)

cN2c, n. (%) 1 (0.7)

cNx, n. (%) 2 (1.4)

Type of cordectomy IV, n. (%) 22 (15.9)

V, n. (%) 93 (67.4)

VI, n. (%) 23 (16.7)

Neck dissection, n. (%) 13 (9.2)

pN pN0, n. (%) 8 (5.7)

pN1, n. (%) 4 (2.8)

pN2a, n. (%) 1 (0.7)

pNx, n. (%) 128 (90.8)

Tumour grade Well differentiated, n. (%) 6 (4.7)

Moderately differentiated, n. (%) 93 (72.7)

Poorly differentiated, n. (%) 29 (22.7)

Margin status Negative, n. (%) 53 (37.9)

Positive, n. (%) 45 (32.1)

Uncertain, n. (%) 42 (30)

Thyroid cartilage involvement (inner cortex) No, n. (%) 117 (86)

Yes, n. (%) 19 (14)

Anterior commissure invasion No, n. (%) 63 (47)

Yes, n. (%) 71 (53)

Supraglottic invasion No, n. (%) 85 (63.4)

Yes, n. (%) 49 (36.6)

Subglottic invasion No, n. (%) 97 (72.4)

Yes, n. (%) 37 (27.6)

Anterior paraglottic space invasion No, n. (%) 7 (5)

Yes, n. (%) 134 (95)

Posterior paraglottic space invasion No, n. (%) 104 (73.8)

Yes, n. (%) 37 (26.2)

Adjuvant treatment No, n. (%) 115 (81.6)

RT, n. (%) 19 (13.5)

CRT, n. (%) 7 (5)
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SCC treated by CO
2
 TOLMS. In this context, our prelimi-

nary results suggest that, if carefully selected, high-risk pT3 
patients may benefit from adjuvant treatment(s) to reduce 
recurrence of disease, maintaining an OS, DSS, and TLFS 
that is comparable to more favourable pT3 lesions treated 
with CO

2
 TOLMS alone. 

It should be emphasised that, although the proportion of pa-
tients who underwent adjuvant treatment is not negligible 
(18.4%), it remains in line with, or even lower than, what 
has been reported in the literature for pT3 laryngeal cancers 
treated by open surgery 21. Furthermore, it is important to 
note that selecting TOLMS as the primary treatment did not 
preclude the possibility of subsequent oncologic therapy, 
including TL or organ preservation protocols, when salvage 
treatments were required. Moreover, most received adju-
vant therapy due to the presence of multiple histopatho-
logical risk factors that were not predictable preoperatively. 
This highlights the critical importance of accurate selection 
of cT3 cases that are suitable for TOLMS.
In our multicentric series, CO

2
 TOLMS was a sound onco-

logical treatment for selected pT3 glottic SCC, and the OS 
and DSS outcomes are comparable to the literature for this 

category of tumours 22-24. Nevertheless, in this series 5-year 
DFS was substantially lower (49.7%, CI 95%: 40.7-58.1%), 
an outcome that can be explained by the definition of DFS 
in our study, which included deaths as events and not as 
censored observations. Moreover, some local recurrences 
could be successfully managed by a further CO

2 
TOLMS.  

Most of the patients in our study received adjuvant treatment 
with (C)RT if R1 margins were obtained after a first transoral 
procedure with curative intent. In particular, among 26 pa-
tients receiving adjuvant treatment(s), this was the only ad-
verse pathological feature in 6 (one received CRT, whereas the 

other 5 adjuvant RT alone). Nineteen patients had 2 or more 
adverse pathological features suggesting adjuvant (C)RT. Ret-
rospectively, it is difficult to ascertain whether decisions for 
adjuvant treatment(s) were taken exactly in the same way be-
tween the different multidisciplinary tumour boards, or why 
other patients with positive margins or other adverse patho-
logical features did not receive such an indication (taking into 
account that some patients possibly declined it). The mean age 
of patients was, however, 66.5 ± 12.6 years, thus including a 
rather wide range of ages, potentially impacting the ensuing 
oncologic outcomes, as observed in our results. 
NCCN treatment guidelines recommend adjuvant 
treatment(s) for patients with selected pT3 glottic SCC un-
dergoing partial laryngectomy (endoscopic or open) show-
ing adverse pathologic features such as ENE, positive and/
or close margins, pN2-N3 nodal disease, PNI, LVI, and sub-
glottic extension 1,27-29. Thus, adjuvant treatment is not rec-
ommended for patients with pT3N0-1 glottic SCC treated 
by TL (including ipsilateral or bilateral neck dissection) or 
T3N0 glottic SCC treated by partial laryngectomy in the 
absence of other adverse histopathological features men-
tioned above  23,26. Despite these recommendations, there 
is a wide variability in the number of patients treated by 
primary surgery who receive adjuvant treatment with (C)
RT. Specifically, no studies investigating the role of adju-
vant therapy in CO

2 
TOLMS are available in the literature, 

but several have evaluated the impact of postoperative RT 
on patients with advanced-stage laryngeal cancer treated 
by other techniques. These studies mostly include tumours 
from different laryngeal subsites, open surgical approaches, 
and different treatment modalities. Overall, it was conclud-
ed that postoperative RT had no impact on survival for pa-
tients with pT3N0 21,28 or pT3-T4 lesions 22. However, many 
of these studies are constrained by imbalanced baseline 
characteristics between treatment groups, without appropri-
ate statistical adjustments to account for these differences.
Graboyes et  al.  22 analysed data from the National Can-
cer Data Base to evaluate the effect of postoperative RT 
on survival for surgically managed pT3-T4N0 laryngeal 
SCC with negative margins. The pT3N0 cohort comprised 
674 patients (46.2% of the total study population), in-
cluded tumours from different subsites of the larynx, and 
42.3% (n = 285) were supraglottic tumours, while 34.4% 
(n = 232) were glottic lesions. The remaining patients had 
SCC of the subglottis, transglottic tumours, or laryngeal 
tumours not otherwise specified. Nearly 17% of the 674 
patients (n = 113) with pT3N0 tumours underwent either 
open or endoscopic laryngeal preservation surgery, and 
80% (n = 540) underwent TL. Approximately 24% of the 

Table II. Overall (OS), disease-specific (DSS), disease-free (DFS), and 
total laryngectomy-free survival (TLFS) at 5 and 10 years.

5-year survival % (95% CI) 10-year survival % (95% CI)

OS 78.1 (69.3-84.6) 56.4 (42.9-67.9)

DSS 91.5 (84.6-95.3) 87.6 (78.1-93.1)

DFS 49.7 (40.7-58.1) 31.7 (21.6-42.2)

TLFS 64.8 (55.5-72.6) 42.7 (30.2-54.6)
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patients with pT3N0 disease (n = 159) received postopera-
tive RT. In their analysis, the unadjusted 5-year OS rate 
for pT3N0 laryngeal SCC was 66.2% (70% in patients 
with adjuvant RT and 64.7% in those without adjuvant 
RT; p = 0.259). Age ≥ 65 years, increasing number of co-
morbidities, Medicare insurance, glottic tumour location, 
removal of < 18 lymph nodes during neck dissection, and 
performance of TL were associated with decreased OS in 
univariate analysis. In multivariable Cox regression anal-
ysis, the addition of postoperative RT was still not asso-
ciated with improved survival (adjusted HR 0.88, 95% CI 
0.64-1.21). On the contrary, improved OS was observed 
in patients with pT4aN0 who received postoperative RT. 
The authors concluded that patients with pT3N0 larynge-
al SCC could potentially be treated with single-modality 
therapy. However, the study did not evaluate disease re-
currence and DSS. 
Similar studies focusing on T3N0 glottic tumours  29, T3-
4aN0-1 24, and T3-4N0 laryngeal SCC 28 have been reported 
in the literature independently from the treatment used. In 
no study were there statistically significant differences be-
tween patients treated with adjuvant RT and those who re-
ceived surgery alone. 
Conversely, our results are in line with a recent large-scale, 
population-based analysis using the SEER database by 
Cooper et al. 21, which demonstrated that adjuvant RT fol-
lowing primary surgery significantly improved both DSS 
and OS in patients with pT3 laryngeal SCC. Importantly, 
this benefit was evident even among node-negative patients 
and remained significant after adjustment for demographic 
and clinical variables, including nodal dissection. These 
findings reinforce the relevance of adjuvant RT in improv-
ing oncologic outcomes for high-risk patients, particularly 
those with unfavourable histopathologic features and fur-

ther supports the rationale for a multimodal approach in se-
lected pT3 SCC treated with CO2 TOLMS. 
Our findings are further supported by the results of a meta-
analysis by Li et al. 30, which demonstrated that adjuvant RT 
significantly improved OS, DFS, and local control rates com-
pared to surgery alone, with consistent findings across multi-
ple cohorts and minimal heterogeneity. Notably, the survival 
benefit of adjuvant RT was evident even in the absence of 
traditional high-risk pathological features. These results pro-
vide additional evidence that supports the use of adjuvant 
treatment in selected high-risk pT3 cases, reinforcing the role 
of a multimodal therapeutic approach after TOLMS.
Two studies compared the survival outcomes of patients 
with T3 glottic cancer treated with surgery- or RT-based ap-
proaches. The study by Ko et al. 31 included 2,622 patients 
with T3N0M0 glottic SCC, and the surgical and RT groups 
exhibited similar 5-year adjusted OS rates (53% and 54%, re-
spectively). Surgical approaches included hemilaryngectomy 
(excluding supraglottic horizontal laryngectomy or OPHL 
type I according to the ELS classification 32, TL, and phar-
yngolaryngectomy). In the study by Al-Gilani et al.  33, OS 
showed a statistically significant and clinically meaningful 
improvement in patients with T3 glottic SCC who underwent 
surgery compared with non-surgical treatments. The 5-year 
OS for non-surgical management, surgery alone, and surgery 
plus adjuvant treatment were 36% (95% CI, 30-42%), 41% 
(95% CI, 30-53%), and 41% (95% CI, 32-51%), respectively.
Although CO

2 
TOLMS has been considered a safe proce-

dure with a low rate of complications and associated with 
earlier functional recovery, is not exempt from potential 
peri- and postoperative complications  34, which depend 
on tumour extension, localisation, surgical experience, 
and presence of comorbidities such as diabetes mellitus 35. 
Postoperative bleeding has been reported as the most com-

Table III. Uni- and multivariate Cox survival analysis for overall (OS), disease-free (DFS), and total laryngectomy-free survival (TLFS).  

OS DFS TLFS

Univariate Multivariate Univariate Multivariate Univariate Multivariate

Risk factor HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value HR (95% CI) p value

Age 1.09 (1.06-1.13) 0.000 1.09 (1.06-1.13) < 0.001 1.04 (1.01-1.06) 0.003 1.04 (1.01-1.06) 0.006 1.06 (1.03-1.09) < 0.001 1.06 (1.03-1.10) < 0.001

Thyroid cartilage 
involvement (inner cortex)

1.34 (0.31-2.94) 0.462 1.51 (0.84-2.70) 0.167 1.45 (0.73-2.88) 0.290

Posterior PGS invasion 0.68 (0.34-1.36) 0.279 1.03 (0.63-1.67) 0.909 1.23 (0.71-2.15) 0.456

Margins Uncertain 1.49 (0.73-3.06) 0.276 1.54 (0.74-3.19) 0.245 1.55 (0.91-2.62) 0.104 1.55 (0.91-2.64) 0.106 1.36 (0.74-2.51) 0.327 1.21 (0.65-2.28) 0.545

Positive 1.50 (0.69-3.28) 0.309 1.19 (0.45-3.12) 0.727 1.26 (0.72-2.19) 0.415 1.66 (0.90-3.08) 0.104 1.15 (0.59-2.22) 0.680 1.12 (0.52-2.43) 0.772

Adjuvant (C)RT 1.14 (0.53-2.46) 0.742 1.16 (0.44-3.06) 0.770 0.46 (0.23-0.92) 0.029 0.38 (0.17-0.81) 0.013 0.67 (0.32-1.41) 0.291 0.65 (0.27-1.57) 0.334
Legend: (C)RT: (chemo-)radiotherapy; PGS: paraglottic space; hazard ratios (HR) associated with p values < 0.05 are reported in bold.

Figure 1. Kaplan-Meier survival estimates for overall, OS (A), disease-specific, DSS (B), disease-free, DFS (C), and total laryngectomy-free survival, 
TLFS (D), according to adjuvant treatment(s) with (C)RT. 
(C)RT: (chemo-)radiotherapy.

A B

C D
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mon complication after CO
2
 TOLMS, with an incidence 

of approximately 1.1-2.9% in glottic tumours 25,34,35. In our 
study, complications related to surgery were reported in 10 
patients (8.9%), due to local bleeding in 8 cases and subcu-
taneous emphysema in 2. Similar complication rates were 
previously reported 34, which were 8% for bleeding and 1% 
for emphysema and cervical fistula. 
Organ preservation protocols based on (C)RT, which are al-
ternative treatments to surgery, also have significant associ-
ated morbidity, including a 33% rate of severe late toxicity, 
pharyngeal dysfunction ranging from 17% to 25%, and a 
treatment protocol-associated mortality of 7% 22,36,37. Foras-
tiere et al.  38, in their study evaluating concurrent CRT for 
organ preservation in advanced laryngeal cancer, reported 
grade 3-4 late toxic effects in 24% of patients receiving in-
duction cisplatin plus fluorouracil followed by RT, 30% in 
those receiving RT with concurrent cisplatin, and 36% in 
those treated by RT alone. The total rates of severe toxic ef-
fects (acute and late) were 81%, 82%, and 61%, respectively, 
in patients receiving induction cisplatin plus fluorouracil fol-
lowed by RT, RT with concurrent cisplatin, and RT alone. 
Potentially treatment-related deaths were 3%, 5%, and 3%, 
respectively. Five-year OS did not differ significantly accord-
ing to treatment and was 55% for induction cisplatin plus 
fluorouracil followed by RT, 54% for RT with concurrent 
cisplatin, and 56% for RT alone. Five-year DFS was 38% for 
induction cisplatin plus fluorouracil followed by RT, 36% for 
RT with concurrent cisplatin, and 27% for RT alone.
Adding postoperative RT in patients undergoing surgical la-
ryngeal-preserving treatment is associated with a 5-10% rate 
of severe late laryngeal complications, including laryngeal 
chondroradionecrosis and stenosis 22,36,37. In addition, it may 
affect functional outcomes and cause dysphagia, laryngeal 
oedema, tissue necrosis, fibrosis, and adverse effects such as 
xerostomia, with a decreased quality of life (QoL) 22,37. More-
over, the resulting modified laryngeal appearance might pre-
clude adequate follow-up by clinical and endoscopic evalua-
tion 20. In our study population, only one of 26 patients who 
received adjuvant treatment presented a laryngeal stenosis 
that could be managed without tracheostomy. 
Vilaseca et al. 39 investigated the prognostic factors affecting 
QoL after CO

2 
TOLMS in laryngeal cancer using the Univer-

sity of Washington-QoL v4 questionnaire. The study includ-
ed 401 consecutive disease-free patients evaluated one year 
after treatment, with tumours of different stages and larynge-
al subsites, and found that RT and neck dissection were both 
negative factors for disease-specific QoL. Olthoff et al. 40 spe-
cifically addressed this issue in locally advanced tumours us-
ing the EORTC QLQ-C30 and QLQ-H&N35 questionnaires 

(developed by the European Organization for Research and 
Treatment of Cancer) and reported a good QoL.

Limitations and strengths 
The current study has several limitations, with some in-
herent to the nature of a retrospective data analysis. Many 
variables could not be properly obtained because we did not 
have knowledge of them at the time patients were treated. 
These include vocal cord motility impairment, posterior 
PGS involvement, and status of resection margins after CO

2
 

TOLMS. Histological features such as PNI, LVI, and inner 
thyroid cartilage invasion were not systematically recorded 
in some hospitals years ago, and it is now known that they 
might have affected treatment decisions. The multicentre 
characteristic of the study also hinders understanding the 
decision of receiving adjuvant treatment for each patient, 
mostly for those without clinical and histological adverse 
features. Adjuvant treatment(s) features as type and dose 
were also difficult to assess, as many patients received ad-
juvant treatment in other hospitals. Among the strengths of 
the study are the large number of patients included, all from 
centres with experience in CO

2 
TOLMS and sharing a simi-

lar comprehensive management of laryngeal cancer. 

Conclusions 
In conclusion, our study suggests that adjuvant treatment 
with (C)RT has a positive impact on DFS for pT3 glottic 
SCC treated with CO

2 
TOLMS. The absence of signifi-

cant differences in terms of OS, DSS, and TLFS between 
pT3 SCC glottic tumours without negative prognostica-
tors treated by surgery alone and those with unfavourable 
risk-factors treated by transoral resection plus adjuvant 
treatment(s) seems to reinforce the idea that such a mul-
timodal treatment can help reduce adverse events in terms 
of loco-regional control of a potentially life-threatening 
disease. Further prospective studies should be conducted to 
validate our findings and to confirm the relevance of adju-
vant treatment(s) in this specific setting of patients.
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