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Objectives/Hypothesis: Laryngeal squamous cell carcinoma (LSCC) has a non-negligible incidence in elderly patients.
However, there is still no clear indication on the ideal treatment for early-intermediate glottic LSCC in this specific age group.
Both surgical and nonsurgical approaches may be burdened by complications and sequelae that negatively impact patient’s
health. In this setting, carbon dioxide transoral laser microsurgery (CO2 TOLMS) is a promising minimally invasive treatment
option.

Study Design: Retrospective case series in a single tertiary academic institution.
Methods: Patients who underwent CO2 TOLMS for Tis-T3 glottic LSCC from 1997 to 2017 were reviewed. Demographic,

clinical, and tumor characteristics, as well as postoperative complications were recorded. Overall (OS), disease-specific (DSS),
recurrence-free (RFS), laryngo-esophageal dysfunction free survivals (LEDFS), and organ preservation (OP) were calculated.

Results: A total of 134 patients (mean age, 80 � 4 years; median, 79; range, 75–93) were included in the study. Seven
lesions were classified as pTis, 65 as pT1a, 22 as pT1b, 35 as pT2, and 5 as pT3. No treatment-related death was observed.
Twenty-eight (20.9%) patients reported 10 surgical and 19 medical complications. Five-year OS, DSS, RFS, LEDFS, and OP were
68.9%, 95.4%, 79.5%, 66%, and 92.5%, respectively. Age and comorbidities were associated with OS and LEDFS. Advanced T
categories were negatively correlated with OS, DSS, RFS, LEDFS, and OP. Age and comorbidities were not significant risk factors
for complications.

Conclusions: CO2 TOLMS can be considered a valuable therapeutic approach for selected Tis-T3 glottic LSCC even in the
elderly given its favorable oncologic outcomes and minimal aggressiveness.
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INTRODUCTION
Laryngeal squamous cell carcinoma (LSCC) repre-

sents about 0.7% of all human malignant tumors and,
after lung cancer, is the second most frequent neoplasm
of the respiratory tract. The glottis represents the most
commonly involved site, and the typical patient is male,
in the sixth-seventh decade of life. However, patients
aged 75 years or older still comprise a significant propor-
tion of the affected population.1,2 Advanced age is a well-

known risk factor for cancer and can be associated with a
reduction of multiorgan function and increased com-
orbidities. Nonetheless, thanks to general improvement
of quality of life in industrialized countries, chronological
age often does not directly correspond to the patient’s bio-
logical profile and general health status. As a conse-
quence, whenever possible, greater consideration should
be given in applying the principles of minimally invasive
treatments, coupled with appropriate oncologic follow-
up,3 in this group of patients.

Regarding early glottic carcinomas (stages I–II
according to the AJCC-UICC TNM 8th Edition),4 there is
general agreement that the best treatment option should
follow the principles of organ preservation.5 For this rea-
son, the therapeutic approaches more frequently used are
carbon dioxide transoral laser microsurgery (CO2 TOLMS
according to the nomenclature proposed by Remacle
et al.)6 and radiotherapy (RT). Both treatments show sim-
ilar survival and recurrence rates, making their choice in
a multidisciplinary environment challenging and often
debated. In particular, in potentially frail and elderly
patients, the specialist should orient the choice of treat-
ment with focus on reducing its impact on general health
status (i.e., minimize complications and functional
sequelae that affect quality of life). Currently, in patients
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older than 75 years, it is more common to opt for a non-
surgical strategy even if clear evidence of treatment supe-
riority is lacking. Moreover, only very few reports discuss
CO2 TOLMS treatment of LSCC in elderly patients,7–9

with particular attention on extreme age.
The present work analyzes surgical and oncologic

outcomes of CO2 TOLMS for Tis-T3 glottic carcinomas in
a homogeneous cohort of elderly patients treated at a sin-
gle tertiary academic center.

MATERIALS AND METHODS

Data Collection and Study Population
A retrospective medical chart review was conducted among

patients who underwent CO2 TOLMS for glottic LSCC from
January 1997 to December 2017 at the Unit of
Otorhinolaryngology-Head and Neck Surgery, ASST-Spedali
Civili of Brescia, University of Brescia, Italy. The study was per-
formed following the principles of the Declaration of Helsinki
and was approved by the Research Review Board, Ethics Com-
mittee, of the ASST Spedali Civili of Brescia, Italy (NP 4267).

Selection criteria were:

• Age ≥75 years;
• Glottic LSCC categorized as pTis-pT3 (according to the AJCC-

UICC TNM 8th Edition)4;
• Treatment by CO2 TOLMS with curative intent;
• At least 2 years of follow-up.

Data on previous treatments were collected. Clinical preop-
erative examination was performed and recorded by high defini-
tion videolaryngoscopy and videolaryngostroboscopy. In case of
clinical suspicion or risk of deep infiltration (i.e., significant ante-
rior and/or posterior commissure involvement, impairment of
vocal cord motility, subglottic spread), a radiological investiga-
tion was performed using computed tomography or magnetic res-
onance imaging. Medical comorbidities were evaluated and
quantified using the American Society of Anesthesiology (ASA)10

and the Adult Comorbidity Evaluation 27 (ACE-27) scores.11

Surgical Treatment and Histologic Examination
All patients underwent CO2 TOLMS under general anes-

thesia after orotracheal intubation and adequate laryngeal expo-
sure. Tumor resection was categorized following the European
Laryngological Society (ELS) classification of cordectomies,12,13

using en-bloc or multi-bloc resection according to specific tumor
features, extension, and laryngeal exposure. Types of cordectomy
and operative times were recorded.

Frozen sections were not routinely employed according to
our institutional protocol, based on the strict collaboration with
our head and neck surgical pathologists, directly involved in the
evaluation of each cordectomy specimen. In particular, we prefer-
entially resected additional margins after excision of the main
specimens, which were then evaluated by the pathologist on per-
manent section. This procedure was employed in T2 to T3 bulky
tumors requiring multi-bloc, three-dimensionally complicated
resections. Positive surgical margins were managed following a
standardized policy: patients with a single superficial positive
margin had an indication for close follow-up; conversely, in case
of multiple superficial and/or deep margin involvement, re-
resection was proposed unless not feasible due to anatomical con-
strains or poor general status.14 In this setting, RT was proposed
only after repeated surgical procedures for recurrent superficial
lesions or in case of deeply infiltrating tumors (i.e., pT3), in

which patients could not tolerate an open partial horizontal lar-
yngectomy (OPHL) and/or refused total laryngectomy (TL).

Postoperative Course and Follow-Up
Complications occurring during hospitalization or within

the first 30 postoperative days were evaluated and subgrouped
as surgical and medical. Complications were further classified
according to the Clavien-Dindo classification.

A standardized follow-up policy through clinical evaluation
with videolaryngoscopy was used in each patient. In case of
lesions staged as pT2 to pT3, imaging was also conducted every
6 months for the first 2 years and once a year from the third to
the fifth year.15

Outcomes and Statistical Analysis
Demographic, clinical, tumor, and follow-up data were col-

lected in a single database. Survival curves were calculated using
the Kaplan–Meier method. Two and 5-year overall (OS), disease-
specific (DSS), recurrence-free (RFS), laryngo-esophageal dys-
function free survivals (LEDFS), and organ preservation
(OP) were investigated.

For the analysis of OS, death for every cause was consid-
ered as an event. In DSS, patients who died of unrelated causes
were considered as censored observations at the date of death.
The endpoint for RFS was the date of the first recurrence.
Patients who died without recurrence were considered as cen-
sored observations at the date of death. LEDFS was defined as
survival without laryngectomy, tracheostomy, gastrostomy,
and/or nasogastric feeding tube (NGFT). The endpoint for OP
was the date in which patients underwent TL. Prognostic influ-
ence on OS, DSS, RFS, LEDFS, and OP was tested by univariate
analysis for the recorded variables (i.e., ASA, ACE-27 scores, and
pT category). Surgical and medical complications were matched
to patients and surgical data to determine a statistical signifi-
cance through univariate analysis. Statistical analysis was per-
formed using the STATA 13 software (StataCorp. 2013. Stata
Statistical Software: Release 13. College Station, Texas:
StataCorp LP).

RESULTS
A total of 134 patients were included in the study.

Mean age was 80 � 4 years (median, 79; range, 75–93),
while the male to female ratio was 9:1. Patients were
divided into two groups according to age at surgery:
middle-old (75–84 years; N = 111) and oldest-old
(85 years and older; N = 23). Patients were categorized
according to the preoperative anesthesiologic evaluation
as ASA 2 in 62 (46.3%) cases, ASA 3 in 64 (47.7%), and
ASA 4 in 8 (6%). Considering the ACE-27 comorbidity
scoring system, patients were divided as follows:
23 (17.2%) score 0, 58 (43.3%) score 1, 49 (36.5%) score
2, and 4 (3%) score 4. Twenty-two (15.5%) patients had
undergone previous treatments for laryngeal diseases
elsewhere before referring to our institution. In detail,
9 (6.7%) patients underwent CO2 TOLMS for malignant
or premalignant glottic lesions, and 3 (2.2%) transoral
surgery for benign pathologies.

According to the ELS classification, 2 (1.5%),
40 (29.5%), 19 (14.2%), 4 (3%), 64 (47.8%), and 5 (3.7%)
patients underwent Types I, II, III, IV, V, and VI cor-
dectomy, respectively. Mean operative time was
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60.5 � 39.6 minutes (median, 55; range, 20–370). At his-
topathology, 7 (5.2%) lesions were classified as pTis,
65 (48.5%) as pT1a, 22 (16.4%) as pT1b, 35 (27.1%) as
pT2, and 5 (3.7%) as pT3. T category according to the age-
group is detailed in Table I. No patient had nodal metas-
tases at presentation.

Forty-five (33.6%) patients had at least one positive
resection margin. Among these, 2 (4.4%) underwent CO2

TOLMS revision surgery for deep or multiple superficial
positive margins (re-resection was negative in one case
and positive for SCC in the other). Two (4.4%) patients
with deep and superficial positive margins underwent
adjuvant RT. In 14 (31.2%) cases, histologic examination
revealed two superficial positive margins and, considering
patient age and comorbidities, a close follow-up policy
was adopted. The residual 27 (60%) patients presenting
just one superficial positive margin were followed-up as
per institutional policy.

No treatment-related death was observed. Overall,
28 (20.9%) patients reported 29 postoperative complica-
tions. In detail, 10 (7.5%) had complications directly
related to the surgical procedure: 5 experienced postopera-
tive bleeding (requiring surgical revision in 4), 4 subse-
quently developed anterior glottic webs that significantly
impaired airway patency and required surgical revision
during follow-up, and one presented with cervical subcuta-
neous emphysema (undergoing spontaneous resolution
within 36 hours). Nineteen medical complications were
also reported in 18 (13.4%) patients, as detailed in
Table II. According to the Clavien-Dindo classification,
complications were defined as grade I (any deviation from
the normal postoperative course without the need for phar-
macological treatment or surgical, endoscopic and radiolog-
ical interventions) in 8 (6%) patients, grade II (requiring
pharmacological treatment with drugs other than such
allowed for grade I complications) in 22 (16.4%), and grade
IIIb (requiring surgical, endoscopic or radiological inter-
vention under general anesthesia) in 8 (6%).

The mean postoperative hospitalization time was
3.8 � 2.3 days (median, 3; range, 1–18). Hospitalization time
was significantly increased in patients that encountered
postoperative complications (5.6 vs. 3.4 days; P < .001).

A NGFT was positioned in 3 (2.2%) patients and
maintained for a mean of 6.3 days (range, 4–8). No
patient required tracheotomy at the time of the primary
procedure; conversely, it was performed during revision
for anterior glottic web in 2 (1.5%) patients who also
received keel stent placement.

During follow-up, 13 of 89 patients (14.6%) with neg-
ative margins had local tumor recurrence. Of these,
6 (46.1%) were managed by a single CO2 TOLMS. One
(7.8%) patient was treated by CO2 TOLMS for local recur-
rence and subsequent RT for a second recurrence. Six
(46.1%) patients required TL for local recurrence that
was not amenable to conservative strategies.

Similarly, 7 of 45 patients (15.6%) with positive mar-
gins had local tumor recurrence. Of these, 3 (42.9%) were
managed by CO2 TOLMS alone: 2 patients had a single
recurrence, while the remaining patient experienced two
relapses that were treated by CO2 TOLMS. Four (57.1%)

patients required TL for local recurrence that was not
amenable to conservative strategies.

Overall, 115 (86%) patients required a single CO2

TOLMS to manage the disease. Adjunctive transoral pro-
cedures were needed in six patients for relapse or positive
margins needing re-resection (a single procedure in five
patients and three procedures in one). Finally, eight
patients needed revision surgery due to postoperative
bleeding (N = 4) or late postoperative anterior web forma-
tion (N = 4).

Two-year OS, DSS, RFS, LEDFS, and OP were
86.6%, 100%, 88.2%, 82.3%, and 95.5%, respectively. Five-
year OS, DSS, RFS, LEDFS, and OP were 68.9%, 95.4%,
79.5%, 66%, and 92.5%, respectively (Fig. 1). Survival
rates according to the age group and pT category are
detailed in Tables III and IV.

Margin status was not significantly associated with
OS, DSS, RFS, LEDFS, or OP. Advanced age was only
associated with decreased OS and LEDFS (both P < .001).
High ASA scores were associated with worse OS and
LEDFS (P = .03 and P = .02, respectively). Conversely,
the ACE-27 comorbidity score was not associated with
survival or recurrence.

Advanced T categories and types of cordectomy
(Types IV–VI vs. Types I–III) were negatively correlated
with OP (P < .001 and P = .05, respectively). Advanced T
categories were also associated with reduced OS, DSS,

TABLE I.
pT Category According to Age Groups.

Middle-Old No. (%) Oldest-Old No. (%)

Tis 7 (5.2%) 0 (0%)

T1a 55 (41%) 10 (7.5%)

T1b 19 (14.2%) 3 (2.2%)

T2 25 (18.7%) 10 (7.5%)

T3 5 (3.7%) 0 (0%)

TABLE II.
List of Postoperative Medical Complications in the Entire Group of

Patients (N = 134).

Medical Complications No.

Hypertensive crisis 8

Emesis 3

Disorientation/delirium 2

Atrial fibrillation 1

Pulmonary embolism 1

Decreased oxygen saturation 1

Fever 1

Superficial venous thrombosis 1

Pneumonia 1
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RFS, and LEDFS (P = .05, P = .04, P = .01, and P < .01,
respectively).

Regarding the general complication rate, age and
comorbidities did not represent a significant risk factor.
On the contrary, T category (P < .01) was significantly
associated with an increased overall complication rate.

DISCUSSION
In the present study, we analyzed a cohort of elderly

patients affected by LSCC and treated by CO2 TOLMS,
focusing on the most advanced portion of the age spec-
trum (≥75 years, i.e., middle-old and oldest-old patients
according to the US National Institute of Aging).16

FIGURE 1. Kaplan–Meier curves showing OS (A), DSS (B), RFS (C), LEDFS (D), and OP (E) for the entire cohort. DSS = disease-specific;
LEDFS = laryngo-esophageal dysfunction free survivals; OP = organ preservation; OS = Overall; RFS = recurrence-free. [Color figure can be
viewed in the online issue, which is available at www.laryngoscope.com.]

TABLE III.
Survival and Recurrence Outcomes According to Age Group.

OS DSS RFS LEDFS OP

2-yr 5-yr 2-yr 5-yr 2-yr 5-yr 2-yr 5-yr 2-yr 5-yr

Middle-old 88.8% 74.0% 100% 94% 86.9% 76.9% 83.6% 70.6% 94.5% 91.1%

Oldest-old 75.6% 43.2% 100% 100% 94.4% 94.4% 75.6% 43.2% 100% 100%

DSS = disease-specific; LEDFS = laryngo-esophageal dysfunction free survivals; OP = organ preservation; OS = Overall; RFS = recurrence-free.
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Survival outcomes were satisfying, and patients mostly
required only short-term hospitalization. Major complica-
tions were relatively rare (6% grade IIIb according to the
Clavien-Dindo classification) and not associated with age
or comorbidities. On the contrary, complications were
mainly correlated with technical and disease-related fac-
tors (i.e., pT category). A NGFT was only rarely needed
(2% of cases) and removed after a maximum of 8 days
without residual dysphagia. This demonstrates the mini-
mal impact of CO2 TOLMS on deglutition, even after
extensive resections, and the concrete possibility for early
and comprehensive rehabilitation. No patient remained
with a NGFT or tracheotomy-dependent.

The favorable complication profile of CO2 TOLMS in
the elderly has also been underlined by Sesterhenn
et al.17 and substantially parallels what has been
observed in other age-mixed large series of patients
treated by such a minimally-invasive approach.18,19 In
particular, the authors showed that significant complica-
tions appeared only in patients undergoing resection for
supraglottic tumors or glottic lesions extending to the
arytenoid, similarly to what has been shown in a previous
report from our group dealing with the heavy functional
burden associated with transoral supraglottic resections
extending from the aryepiglottic fold to the arytenoid car-
tilage.20 These data have been confirmed by Lucioni
et al.8 and Rodrigo et al.,9 who reported minimal postop-
erative complications and sequelae in subjects over-65
and 70 years treated by CO2 TOLMS for T1-T2 glottic
LSCC. Similarly, Crosetti et al.21 documented low rates
of complications in patients over 70 years and treated by
CO2 TOLMS, especially when compared with those
treated by open-neck procedures (i.e., OPHL and TL). In
our experience, glottic cancer proved to be manageable
with acceptable morbidity and limited functional sequelae
even in a cohort of patients ≥75 years, resulting in 5-year
DSS and LEDFS of 95.4% and 66%, respectively. In par-
ticular, the only patients showing laryngo-esophageal
dysfunction in the medium- and long-term were those
requiring TL for disease recurrence (5-year OP, 92.5%). A
NGFT, when needed, was only maintained in the early
postoperative period, and a tracheotomy was required
only in case of revision surgery for late anterior synechiae
that reduced airway patency. In this view, the non-
negligible portion of patients developing a significant
post-surgical anterior glottic web (3%) may be explained
by the lower likelihood of performing staged procedures
aimed at avoiding vocal fold synechiae in elderly patients
for anesthesiologic concerns. However, this complication

was always successfully managed by a revision procedure.
Finally, the significant rate (33.6%) of positive margins in
our series should be contextualized with the high fre-
quency of false positivity of such an element (up to 80%
in other Authors’ experiences)22,23 and the limited impact
of microscopically positive margins on short and medium-
term survivals, as also confirmed by our oncologic
outcomes.

Previous reports have described the oncologic results
of CO2 TOLMS in elderly patients, attesting the limited
impact of age.24 However, age cut-offs varied among dif-
ferent studies (65 vs. 70 years) and did not allow direct
comparison of survival outcomes. Therefore, our aim was
to analyze a specific cohort at particularly high-risk, set-
ting an advanced age cut-off to exclude the group defined
as “young-old” (i.e., between 65 and 75 years)16 which
could lead to underestimation of the potential risks of
CO2 TOLMS in the “real” elderly population.

Furthermore, oncologic outcomes in patients over
75 years should be assessed considering the different var-
iables typical of this age group. Surgeons treating elderly
patients should take into account that other factors, such
as frailty, comorbidities, performance, and cognitive sta-
tus, are important considerations when predicting out-
comes.25 It is often required, in fact, to empirically
balance on one side the anticipated timeframe/trajectory
of mortality and morbidity risks related to LSCC, and, on
the other, the ensuing treatment morbidity. Weighing
these competing risks contextualizes a patient’s treat-
ment priorities within his/her entire life spectrum and
time course of health needs.26

In particular, survival should not only be evaluated
as an independent measure, but compared with the age-
weighted life expectancy that can be retrieved from popu-
lation studies or computed from national life tables.27 The
risks and outcomes of any treatment strategy should be
weighted according to the patient’s baseline expected sur-
vival, which, as already mentioned, is strictly dependent
on age and comorbidities. Interestingly, the 2-year OS of
our study cohort was comparable with that observed in the
healthy general population of matched age and gender, as
detailed in Table V. This comparison underlines the value
of CO2 TOLMS in the short- and medium-term manage-
ment of LSCC in elderly patients, particularly given the
acceptable rate of sequelae and complications observed.

As proposed by current guidelines,5 the success of
laryngeal preservation approaches in early-intermediate
LSCC is higher when applying upfront conservative sur-
gery than RT, while this may be secondary to patient

TABLE IV.
Survival and Recurrence Outcomes According to pT Category.

OS DSS RFS LEDFS OP

2-yr 5-yr 2-yr 5-yr 2-yr 5-yr 2-yr 5-yr 2-yr 5-yr

pTis-pT1 87.9% 76.3% 100% 98.5% 92.1% 87.6% 86.7% 74.7% 100% 97.9%

pT2 83.2% 43.8% 100% 82.5% 78.1% 58.2% 69.7% 37.7% 85% 78.5%

pT3 80% 60% 100% 100% 80% 53.3% 75% 50% 75% 75%

DSS = disease-specific; LEDFS = laryngo-esophageal dysfunction free survivals; OP = organ preservation; OS = Overall; RFS = recurrence-free.
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selection factors. Furthermore, according to these guide-
lines, in experienced hands, CO2 TOLMS should be pre-
ferred because of similar or better outcomes compared
with OPHL. Nonetheless, while age is defined as a critical
factor for patient selection, there are no specific indica-
tions on the resulting changes in the treatment approach.

In a retrospective cohort of LSCC patients, Peters
et al.28 demonstrated by multivariate analysis that RT
(compared to TL) and tumor stage were predictors of com-
plications, but comorbidity and age were not. Further-
more, they reported that complications after CO2 TOLMS
were significantly lower than those after RT or TL in both
the elderly and younger groups. In this view, the authors
stated there is no reason to treat elderly LSCC patients
differently than their younger counterparts. However, it
is worth noting that the study did not include patients
treated by OPHL, a procedure that has shown inferior
functional results in patients over 65 years.29–31

In the United States, studies on LSCC have docu-
mented a progressively decreasing frequency of surgical
therapy in the elderly, even if surgery has been associ-
ated with a reduced risk of overall mortality compared to
non-surgical treatments.32,33 Furthermore, according
to an analysis of the Surveillance, Epidemiology, and End
Results–Medicare database (2004–2007) by Gourin
et al.,34 chemoradiation in elderly patients with LSCC
was associated with increased costs, additional cancer-
directed treatment, and reduced likelihood of surgical
salvage.

Finally, practical differences between CO2 TOLMS
and RT should be underlined and contextualized, namely:
treatment timing, days of hospitalization, number of out-
patient visits, and time-distribution of potential sequelae
and complications. These factors are crucial in the
middle-old and oldest-old patient groups because pro-
longed treatment protocols may be cumbersome for the
patient and his/her caretakers from a physical and logis-
tic standpoint. In this view, CO2 TOLMS usually acts as
an acute stressor: it consists of a procedure with short
hospitalization time, and complications/sequelae appear
in the initial phase and tend to resolve in the first weeks.
Usually, the treatment consists in a single procedure.
However, in a limited subgroup of patients, adjunctive
surgeries may be needed because of complications, posi-
tive margins, and tumor recurrence, as well as

complementary or salvage RT may be seldom required.
On the other hand, primary RT is a more prolonged ther-
apy that always requires frequent outpatient visits and
sometimes even hospitalization. In this case, complica-
tions typically have a gradual onset and may be milder,
but can last for weeks or months, potentially inducing
incremental weight loss and compromising general health
status, sometimes leaving long-term deficits. Especially
in elderly patients, who might tolerate less toxicity than
their younger counterparts,35 these gradual disturbances
may have a lasting impact on health and functional sta-
tus. In this setting, assessment of functional reserve
helps to predict the patient’s tolerance to acute treat-
ments, differentiating those at high risk for iatrogenic
complications.

Regarding the limitations of this monocentric study,
its retrospective design and relatively limited number of
patients may have led to bias in the analysis of outcomes
and their interpretation. In particular, an association
between risk factors and outcomes may have been
underestimated.

CONCLUSIONS
In the present study, we demonstrated that CO2

TOLMS is a viable treatment option for Tis-T3 LSCC
even in patients older than 75 years. The rate of surgical
complication was limited and most patients needed only
brief hospitalization. The functional results were optimal
and no patient remained on NGFT or was tracheotomy-
dependent. Finally, 2-year OS of our study cohort was
comparable with that observed through life tables in the
healthy general population of comparable age.
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