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Abstract

Purpose Laser transoral laryngeal microsurgery has become widely accepted treatment method because of its organ and
function preservation and shorter period of hospitalization. The aim of this study was to examine the overall, disease-specific
and disease-free survival in patients with early laryngeal carcinoma treated with laser depending on age, gender, common risk
factors (tobacco and alcohol use), histopathological tumor grade, anterior commissure involvement, performed tracheotomy,
positive surgical margins, T stage, type of endoscopic cordectomy, postoperative radiotherapy and laryngeal preservation.
Methods Retrospective study included 234 patients with squamocellular carcinoma of the larynx treated with laser transoral
laryngeal microsurgery. 5-year overall, disease-specific and disease-free survival and the prognostic impact of mentioned
factors were evaluated using Kaplan—Meier and Cox proportional hazard analyses.

Results 5-year OS and DSS was 92.5% and 95.3%, respectively. OS was significantly lower for older patients and in patients
with histologically poorly differentiated tumors, 3 and 5 years postoperatively (Log rank test; p=0.031). DSS was sig-
nificantly lower in patients with anterior commissure involvement, positive surgical margins and patients who underwent
postoperative RT. DFS was significantly lower in patients with anterior commissure involvement, patients with T1b tumor
stage and patients who underwent cordectomies type Vb and VI (Log rank, p < 0.05). Laryngeal preservation significantly
influenced 5-year OS, DSS and DFS (Log rank, p <0.001). Multivariate Cox regression analysis showed that age, histological
tumor grade and laryngeal preservation were significant negative prognostic factors for 5-year DSS and DFS.

Conclusion Transoral laryngeal microsurgery delivers excellent oncological results, even in selected patients with higher
stages of early laryngeal cancer and anterior commissure involvement.

Keywords Transoral laryngeal microsurgery - Laser - Early laryngeal carcinoma

Introduction

Laryngeal cancer is the most common head and neck car-
cinoma with over 150,000 primary diagnosed patients each
year [1]. Early stages of laryngeal carcinoma can be success-
fully treated with transoral laryngeal microsurgery (TLM)
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with cold steel or laser resection, radiotherapy (RT) or open
surgery. When laser TLM was presented, it involved many
controversies considering satisfactory oncological results,
clean surgical margins and anatomical limitations. Today, it
has become widely accepted treatment method because its
organ and function preservation, fast recovery of swallowing
function, lower incidences of aspiration and shorter period
of hospitalization [2].

Using the European Laryngological Society (ELS) clas-
sification of endoscopic cordectomies for treatment of glottic
carcinoma [3, 4], surgical techniques were more uniform,
and postoperative oncological and functional results were
more comparable. Even in the cases of local recurrences,
post TLM treatment has been well documented, and it
includes open conservation or radical surgery, radiotherapy
or chemoradiotherapy [5, 6].
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The aim of this study was to investigate oncological
results of the patients with early laryngeal carcinoma treated
with laser TLM. Overall, disease-specific and disease-free
survival was determined depending on age, gender, com-
mon risk factors (tobacco and alcohol use), histopathological
tumor grade, anterior commissure involvement, performed
tracheotomy, positive surgical margins, T stage, type of
endoscopic cordectomy, postoperative radiotherapy and
laryngeal preservation.

Materials and methods

A retrospective study was conducted on 234 patients treated
at the Clinic for Otorhinolaryngology and Maxillofacial Sur-
gery, Clinical Center of Serbia in Belgrade. The data were
obtained by processing medical charts of the patients with
squamocellular carcinoma of the larynx treated with laser
TLM in the period from April 1st, 2006 to March 31st, 2013.
This study was approved by the Institutional Ethical Com-
mittee (440/1X-3/09), and all patients signed the informed
consent form prior to their inclusion in the study. Patients
were divided into age groups according to International Can-
cer Survival Standard (ICSS) using the Five Default Age
Groups (15-44, 45-54, 55-64, 65-74, 75+) [7].

The diagnosis of laryngeal carcinoma was confirmed
by otorhinolaryngological clinical examination and laryn-
gomicroscopic examination of the larynx with the biopsy
and histopathologic examination of the tissue. Additional
diagnostics, such as ultrasonography of the neck and of the
abdomen, chest X-ray and computed (CT) tomography of
the neck, were performed to determine the TNM stage of
the disease [8]. Study included patients diagnosed with early
laryngeal carcinoma (T1 and T2NOMO), without previous
treated laryngeal malignancies and distant metastases.

The modality of treatment for every patient was decided
on the multidisciplinary oncological board. Laser TLM
was conducted in general endotracheal anesthesia, with a
Sharplan Lumenis 40C CO, laser in Acublade mode with
10-12 W (Lumenis Ltd. London, UK), under Carl Zeiss Sur-
gical OPMI Sensera optical microscope (Carl Zeiss Meditec
Inc. Dublin, CA). Endoscopic resections were done by three
different surgeons, in “en-bloc” or “piece-meal” technique
according to the extension and exposure of the tumor. Clas-
sification of endoscopic cordectomies was done according
European Laryngological Society (ELS) [3, 4]. If there was a
heighten risk from endolaryngeal oedema or bleeding, tem-
porary tracheostomy was done. Tracheostomy was closed at
the end of hospital stay in all cases.

Surgical margins were assessed positive if there was
tumor tissue on the inked margin or on less than 1 mm away
from the margin and negative if the inked margin was free of
the tumor tissue. Most of the patients with positive surgical

@ Springer

margins underwent revision surgery. In little number of
cases with positive surgical margins, radiotherapy (RT)
was conducted and it consisted of external radiotherapy with
total dose of 60 to 65 Gy in 30-35 fractions for 67 weeks.
Patients underwent open surgery, partial laryngectomy or
total laryngectomy in cases of local recurrence, because
of the localization and the extent of the recurrent disease.
Follow-up period was from 62 to 79 months. Demographic
characteristics (age and gender) and risk factors (cigarette
and alcohol consumption) were noted. Histopathological
tumor grade, anterior commissure involvement, performed
tracheotomy, positive surgical margins, T stage, type of
endoscopic cordectomy and laryngeal preservation after fol-
low-up period were also examined. 5-year overall, disease-
specific and disease-free survival of patients was determined
depending on all previously mentioned factors.

Program SPSS v20 (Statistical Package for Social Sci-
ences, SPSS Inc, Chicago, Illinois) was used for statistical
analysis. Descriptive statistics were calculated for demo-
graphic characteristics, risk factors and other followed
parameters and are presented as frequencies and proportions.
Overall survival (OS), disease-specific survival (DSS) and
disease-free survival (DFS) rates were calculated using the
Kaplan—Meier method. A Cox proportional hazards regres-
sion model was used for univariate and multivariable was
used to evaluate the impact of prognostic factors on disease-
specific and disease-free survival. Risk estimates are pre-
sented as hazard ratios (HR) with 95% confidence intervals
(CI). Statistical significance was considered at p < 0.05.

Results

Most of the patients included in the study were males
(93.6%), smokers (88.5%) and alcohol non-consumers
(73.9%) (Table 1). Average age of the patients was 60.22
(SD +8.99). The oldest patient was 82, and the youngest
37 years old. After histopathological analysis, most of the
tumors were moderately differentiated (62.8%). Considering
T stage of the disease, T2 stage was most frequent (47.5%),
followed by Tla stage (43.2%). Patients with T2 stage were
divided into two groups, patients with tumor extension to
supraglottis and/or subglottis without impaired vocal cord
mobility (94 patients, 40.2%) and with impaired vocal fold
mobility (17 patients, 7.3%) because of the further analysis
of survival results. Patients underwent all types of endo-
scopic cordectomies, except type I cordectomy, according
to ELS classification. Intraoperative tracheotomy was per-
formed in 12 (5.1%) of the patients. 52 patients (22.2%) had
positive tumor resection lines. 29 of then underwent revision
surgery and 23 underwent postoperative RT. Local recur-
rence rate was 12%, mostly in the T2 group (17 patients)
and T1a (7 patients). Laryngeal preservation was achieved
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Table 1 Demographic and clinical characteristics of the patients

Table 1 (continued)

Patients Total N (%) Patients Total N (%)

Age Laryngeal preservation
<45 9(3.8) Yes 220 (94)
45-54 58 (24.8) No 14.6)
55-64 83 (35.5)

65-74 73 (31.2) OP surgery, RT radiotherapy
>75 11.(4.7)

Gender in 94%. Laryngeal preservation for different T stages of the
Male 219 (93.6) patients included in the study was shown in Fig. 1. Lower
Female 15(64) rates were found in patients with T1b tumors ant T2 tumors

Smoking with impaired vocal fold mobility.

Smokers 207 (88.5) For patients included in the study, 3-year and 5-year OS
Non-smokers 27(11.5) was 97% and 92.5%, respectively; and 3-year and 5-year

Alcohol DSS was 97.4% and 95.3%, respectively. OS was signifi-
Consumers 61(26.1) cantly lower for older patients, 3 and 5 years postoperatively
Non-consumers 173 (73.9) (Log rank test; p=0.031). DSS (Log rank test; p=0.025)

Histological grade and DFS (Log rank test; p=0.024) in patients who did
Gl 80 (34.2) not consume alcohol were significantly higher comparing
G2 147 (62.8) to patients who consume alcohol. Significantly, lower OS,
G3 76.0) DSS and DFS were noted in patients with histologically

Anterior commissure involvement poorly differentiated tumors (Log rank, p < 0.05). DSS was
Yes 70 (29.5) significantly lower in patients with anterior commissure
No 164 (70.5) involvement and positive surgical margins. In patients who

Tracheotomy underwent postoperative RT, OS (Log rank, p=0.034) and
Yes 126.D DSS (Log rank, p =0.033) were significantly lower compar-
No 224 (94.9) ing to patients who underwent only surgical treatment. DFS

Positive surgical margins was significantly lower in patients with anterior commissure
Yes 52(222) involvement, patients with T1b and patients who underwent
No 182 (77.8) cordectomies type Vb and VI (Log rank, p < 0.05). DSS

T stage
Tis 13 (5.6)

Tla 101 (43.2) Laryngeal preservation depending on T stage

Tib 768 o] e e ——— — | T detail

T2 111 (47.5) e 1|
Without impaired vocal fold mobility 94 (40.2) e |
With impaired vocal fold mobility 17 (7.3) 05 ........................ , _m xpv::::dout

Type of endoscopic cordectomy vocal fold
I 12 5.1 . mobility
I 45 (19.2) 067 - lﬁ;}:‘: 5
v 48 (20.5) :‘o:;:lgd
Va 43 (18.4)

Vb 15 (6.4) o
Ve 49 (20.9)

vd 12 (5.1) o
VI 10 (4.3)

Local recurrence
Yes 28 (12) 0.0
No 206 (88) 0 2000 4000 6000 8000 10000

Treatment Time
(0) 211 (90.2)

OP+RT 23 (9.8)

Fig. 1 Laryngeal preservation for different T stages
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and DFS for patients with T2 stage were satisfactory in the
follow-up period. For further analysis, we divided T2 patient
to two subgroups, one without impaired vocal cord mobil-
ity and other with impaired vocal fold mobility. DFS in T2
patients with impaired vocal fold mobility proved to be sig-
nificantly lower comparing to those without impaired vocal
cord mobility (5-year DFS 64.7% vs. 84.3%, respectively).
Laryngeal preservation significantly influenced 5-year OS,
DSS and DFS (Log rank, p <0.001) (Table 2).

Multivariate Cox regression analysis showed that
age, histological tumor grade and laryngeal preserva-
tion were significant prognostic factors influencing 5-year
DSS (Table 3). DSS was negatively influenced by age
(HR=1.43, p=0.005), alcohol consumption (HR=11.62,
p=0.022), histological G2 (moderately differentiated) (HR
3.453, p=0.006) and G3 (poorly differentiated) (HR 4.069,
p=0.004) tumor grade, if a patient underwent cordectomy
type VI (HR 6.43, p=0.041) and if larynx was not preserved
(HR 10.04, p=0.001). 5-year DFS was negatively influenced
by age (HR =1.048, p =0.043), histological G2 (moderately
differentiated) (HR 2.022, p=0.001) and G3 (poorly differ-
entiated) (HR 3.541, p=0.024) tumor grade, and if larynx
was not preserved (HR 3.31, p=0.001). In multifactorial
analysis, T2 stage was not significant prognostic factor for
DFS, but subgroup of T2 stage with impaired vocal ford
mobility proved to be significant negative prognostic factor
(HR 1.045, p=0.047). In this study, 5-year DSS and DFS
were not significantly influenced by types of endoscopic cor-
dectomies which patients were committed to.

Discussion

Age of the patients significantly influenced OS rates in
patients included in our study, which was distinguished as
an important risk factor in other studies [8, 9]. Risk factors
like alcohol consumption was associated with significantly
lower survival in our patients. Patients with poorly differen-
tiated laryngeal carcinoma had significantly lowest rates of
OS, DSS and DFS. Other studies examining the influence of
sociodemographic and clinical factors on survival of patients
with laryngeal cancer confirmed those findings as well [10].

Considering T stage, 5-year OS, DSS and DFS of the
patients included in the study were in concurrence with
previously published studies [2, 5, 11]. Patients with T1b
and T2 stages with impaired vocal fold mobility had signifi-
cantly lower 5-year DFS (55.6% and 64.7%, respectively,
p<0.001), comparing to other stages. Inclusion of different
heterogeneous lesions into one T2 category resulted in broad
outcome and survival results for patients. Several authors
sub-classified T2 glottic cancer into T2a (without impaired
vocal cord mobility) and T2b (with impaired vocal cord
mobility), thought the official classification still does not
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have two subgroups [2, 5]. As in previous studies, our results
highlighted the negative impact T2 tumors with impaired
vocal fold mobility have on outcome, which was not noted
if all T2 patients were viewed as one group. More aggres-
sive behavior and the higher risk of recurrence in patients
with T2 tumors with impaired vocal fold mobility should
be recognized, and as well as the need for more extensive
surgery and closer follow-up.

In this study, anterior commissure involvement signifi-
cantly influenced DSS (p=0.012) and DFS (p <0.001).
Increased risk of local failure after laser surgery in cases of
anterior commissure involvement was noted in the literature
[12, 13], as well as in this study. Out of 28 cases with local
recurrence, anterior commissure involvement was present
in 15 (53.56%). This was closely linked with significantly
lower 5-year DFS in T1b tumors (55.6%), and in patients
where type Vb (66.7%) and VI (60%) cordectomies were
done. Other types of cordectomies did not significantly
influence 5-year DFS, and was 85.7% and above. Anterior
commissure involvement poses a complex issue in choice of
treatment modality. Comparing to other treatment modalities
like radiotherapy and open surgery, laser surgery delivered
equally good oncological results in cases [14, 15]. It is our
position that anterior commissure involvement should not
be considered a contraindication for laser surgery. These
patients should have close follow-up due to higher risk of
local recurrence and further treatment.

The aim of endoscopic surgery is complete removal of
the tumor with clear surgical margins, as positive margins
increase the risk of local recurrence and survival. DSS
was significantly lower in patients (96.7% vs. 90.3%) with
positive surgical margins (p=0.049). Most of our patients
with positive surgical margins underwent revision surgery,
which is also recommended by many authors [16]. In cases
of revision surgery, residual tumors were discovered in 17%
to 58% of the cases, so it could be argued that the major-
ity of the patients are over treated with repeated surgery
[17]. That percentage in our study was close to those lim-
its, where residual tumors were discovered in 17 patients
(58.6%). Repeated resection was done in the same Acublade
mode with 10-12 W. Some Italian authors proposed post-
resection CO, laser photocoagulation of surgical close or
positive superficial margins, which significantly decreased
rate of local recurrences [18, 19]. In our study, 23 patients
with positive surgical margins underwent adjuvant RT. This
is mainly due the fact that in the first 3 years of the study all
patients with positive surgical margins underwent RT, which
was preferred treatment in that time. We embraced revi-
sion surgery as an alternative to RT later in the study. After
administrating adjuvant RT, dose-related complications such
as severe laryngeal edema, radionecrosis, laryngeal steno-
sis, aspirational pneumonia and tracheostomy dependence
were reported in the literature. It was also suggested that
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Table 2 Overall, disease-specific and disease-free survival for patients included in the study

oS DSS DFS
3-year S-year Logrank p 3-year 5-year Logrank p 3-year 5-year Log rank p
survival ~ survival survival  survival survival  survival
(%) (%) (%) (%) (%) (%)
Age 0.031 0.141 0.364
< 45 100 88.9 100 100 100 100
45-54 98.3 98.3 98.3 98.3 89.7 89.7
55-64 96.4 91.6 96.4 95.1 91.6 87.9
65-74 98.6 93.2 98.6 94.5 95.9 87.7
>75 81.8 72.7 90 80 72.7 72.7
Gender 0.271 0.378 0.152
Male 96.3 92.2 97.3 94.9 91.3 87.2
Female 100 100 100 100 100 100
Smoking 0.444 0.775 0.870
Smokers 96.6 92.8 97.1 95.1 91.8 87.9
Non-smokers 100 96.3 100 96.3 92.6 88.9
Alcohol 0.036 0.025 0.024
Consumers 91.8 86.9 91.8 90.1 83.6 80.3
Non-consumers 98.8 954 99.4 97.1 94.8 90.8
Histological grade 0.029 0.008 0.019
Gl 97.5 90.0 98.8 94.9 92.5 85
G2 97.9 95.9 97.9 96.6 93.2 91.1
G3 75 75 75 75 62.5 62.5
Anterior commissure involvement 0.099 0.012 0.001
No 98.8 95.1 99.4 97.5 96.3 92.7
Yes 92.9 88.6 94.6 90 81.4 77.1
Tracheotomy 0.866 0.532 0.631
Yes 91.7 91.7 91.7 91.7 91.7 83.3
No 97.3 92.8 97.7 95.5 92.8 88.3
T stage
Tis 100 923 0.005 100 100 <0.001 100 100 0.001
Tla 100 96 100 99 96 93.1
T1b 77.8 66.7 77.8 66.7 66.7 55.6
T2 95.5 91.9 96.4 93.6 89.2 84.7
Without impaired vocal fold 96.8 93.6 96.8 94.7 92.6 88.3
mobility
With impaired vocal fold mobil-  88.2 82.4 93.8 87.5 70.6 64.7
ity
Positive surgical margins 0.152 0.049 0.673
Yes 90.4 88.5 92.2 90.3 86.5 86.5
No 98.9 94.5 98.9 96.7 93.4 88.4
Type endoscopic cordectomy 0.152 0.067 0.002
1T 100 91.7 100 100 100 100
1 100 95.6 100 97.8 97.8 93.3
v 100 95.8 100 100 95.8 93.7
Va 97.7 93 97.7 95.3 93 88.4
Vb 86.7 73.3 92.9 78.6 80 66.7
Ve 93.9 93.9 93.9 93.9 89.8 85.7
vd 100 91.7 91.7 91.7 100 91.7
VI 90.0 90.0 90 90 60 60
Treatment 0.034 0.033 0.096
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Table 2 (continued)

(0N DSS DFS
3-year 5-year Logrank p 3-year 5-year Log rank p 3-year 5-year Log rank p
survival  survival survival  survival survival  survival
(%) (%) (%) (%) (%) (%)
(0)3 98.1 93.8 98.1 96.2 93.4 89.1
OP+RT 87 82.6 91.3 86.7 78.3 78.3
Laryngeal preservation <0.001 <0.001 <0.001
Yes 99.5 96.8 98.6 98.2 95.9 932
No 64.7 41.2 78.6 50 28.6 7.1

OS overall survival, DSS disease-specific survival, DFS disease-free survival, pp value, OP surgery, RT radiotherapy

p < 0.05 marked with italics letters

patients should not receive more than 50 Gy, achieving the
same local control of the disease [20]. In our study, OS and
DSS were significantly lower in patients who underwent RT,
comparing to those who were treated only surgically. In mul-
tifactorial analysis, RT was not significant prognostic factor.
Further in the follow-up period, four patients who received
RT because of positive surgical margins and anterior com-
missure involvement had a recurrent disease and due to the
extent of the process total laryngectomy was done. Now, it
is our position that surgery, preferably TLM, should be the
first treatment method in cases of residual tumors or recur-
rent disease.

In our study, 12 (5.1%) of the patients underwent tempo-
ral tracheotomy. Main reason was intraoperative bleeding in
8 cases, followed by severe dyspnea in 4 cases. Tracheosto-
mies were closed in all cases before discharge, and this did
not significantly influence survival of the patients included
in the study. Incidence of temporal tracheotomy in the litera-
ture is below 6% [11, 16, 21]. The experience of the surgeon
plays an important role in reducing unwelcome postoperative
events such tracheostomy [22].

Laryngeal preservation rates for patients treated with
laser TLM are high, for T1 tumors between 95 and 97.1%,
[23-25], and for T2 tumors 82.5 to 93% [2, 5, 25]. This
method of treatment leaves all salvage options open if
needed. In our study, 5-year laryngeal preservation rate was
94%, for T1 tumors 97.56% and for T2 tumors 90.1%. Out of
28 patients with local recurrence, 14 patients underwent total
laryngectomy and 14 underwent repeated TLM. Total laryn-
gectomy was done because of thyroid cartilage infiltration in
4 cases with T1b stage, or extralaryngeal spread of the tumor
in 10 cases with T2 tumors. Poorer local control was noted in
tumors with anterior commissure involvement and recurrent
disease spreading to the supraglottic or subglottic region,
due to close contact to pre-epiglottic space and subglottic
area [26]. Anterior transcommissural extension of the recur-
rent tumor after RT was identified as a negative predictor on
OS [27]. In our study, four of the patients who underwent

@ Springer

total laryngectomy previously had RT because of positive
surgical margins and anterior commissure involvement. Lit-
erature data underline that oncological outcomes of salvage
therapy are not significantly worse comparing to oncologi-
cal outcomes of primary treated patients. This should be
acknowledged, as TLM surgery becomes an important tool
in salvage therapy, not only in primary therapy [28].
Though the study included a significant number of
patients with early laryngeal carcinoma who underwent laser
TLM, there are a few limitations. The study is retrospective
in character, so the used data are limited. Stroboscopic find-
ings were not available for every included patients in the
postoperative follow-up period, so data about vibration pat-
terns, scaring and anterior commissure web formation were
not available, and, therefore, were not included in the study.
Not all the patients underwent vocal assessment preopera-
tively and 6 months postoperatively, which could have led to
inclusion biases considering the followed vocal parameters.

Conclusions

Laser transoral laryngeal microsurgery had excellent sur-
vival rates and local control of the disease and should be
first-choice treatment for early laryngeal cancer. Anterior
commissure involvement, positive surgical margins and
postoperative RT negatively influenced survival rates. Age
and histological tumor grade were significant negative prog-
nostic factors. Laryngeal preservation was positive prognos-
tic factor for survival. Patients with anterior commissure
involvement, patients with T1b stage, T2 stage with impaired
vocal fold mobility, and patients who underwent cordecto-
mies type Vb and VI had high risk of local recurrence. In
conclusion, transoral laryngeal microsurgery delivers excel-
lent oncological results as primary and salvage therapy, even
in selected patients with higher stages of early laryngeal
cancer and anterior commissure involvement.
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Table 3 (continued)
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95% CI » HR  95%CI »

HR

95% CI

HR

95% CI

HR

1.684 0.39-11.87 0.794

0.006
0.004

0.27-0.54

1.121

0.909
0.97

0.00-8.45

14

2.55
5.49
2.12
6.12

6.43

0.26

1.204 0.13-3.256

2.12

v
Va

0.724

2.596 0.034-10.498
4284 0.056-1.454

5.198 0.031-1.28
4.876 0.166-4.633

4.321

2.113  0.025-0.508
4215 0.058-0.803
4.685 0.184-2.55
4274 0.08-0.939
4.148 0.017-1.325

0.00-3.03

0.973

0.00

0.131

0.022

0.589

0.11-2664.4
0.7-375.158
0.37-10.140
1.4-294.021

0.496

5.434 0.039-4.786
2.019 0.21-19.416
5.582 0.60-5.591

5.763 0.48-12.204

Vb

0.089

0.572

0.169

0.09

0.543

Vc

0.876

0.039

0.639

vd

0417

0.21-4.985

0.088

0.041

0.849

VI

Treatment

(0)

3.366 0.877-10.71 0.092

0.741

5.84  0.55-7.31 0.233 1.56  0.627-3.801

0.71

4.177 0.845-9.15

OP+RT
Laryngeal preservation

1

Yes

<0.001

331 1.02-1.7

13.12-61.32  <0.001

10.04  0.01-0.99 0.001  28.37

<0.001

3.345 9.76-114.5

No

CI confidence interval; OP surgery; RT radiotherapy, p < 0.05 marked with italics letters
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