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ABSTRACT 

The aims of this study were to evaluate the results of CO2 laser surgery alone and CO2 laser surgery combined with ra-
diotherapy in patients with T2N0M0 glottic carcinoma. A retrospective analysis was conducted of 35 cases of T2N0M0 
glottic carcinoma. Fourteen patients with normal vocal cord mobility were treated with endoscopic CO2 laser surgery 
alone. The remaining 21 patients were treated with CO2 laser surgery followed by radiotherapy (44 - 70 Gy, including 
low-dose carboplatin chemoradiotherapy). Main outcome measures were local control, organ preservation, recurrence, 
5-year survival, and successful salvage in cases of recurrence. We evaluated the patient’s voice with the psychoacous-
tics GRBAS scale, maximum phonation time (MPT), and airflow rate (AFR) obtained by aerodynamic tests. Mean fol-
low-up period was 5 years. Among the 35 T2N0M0 patients, 5-year survival and 5-year voice preservation rates were 
97% and 89%, respectively. Local recurrence occurred in 7 of these patients (20%); 4 of 7 local recurrences were suc-
cessfully re-treated by laser surgery. Total laryngectomy was necessary for salvage treatment in the remaining 3 patients. 
The post-treatment voice qualities were judged to be the same or improved over pretreatment qualities. There was little 
change in MPT and AFR after treatment in non-recurrence patients. CO2 laser microsurgery is an excellent tool for 
treating selected cases of T2N0M0 glottic carcinoma. CO2 laser surgery followed by radiotherapy is a useful option for 
treatment of T2N0M0 glottic carcinoma. 
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1. Introduction 

The larynx is involved in the important physiological 
functions of vocalization and swallowing. In Japan, ap-
proximately 3000 incident cases of laryngeal cancer, and 
1000 died due to laryngeal cancer. The most frequent 
sites are glottis (60% to 65%) and supraglottis (30% to 
35%) [1]. The frequency of laryngeal carcinomas in these 
sites is different among different countries. In particular, 
the incidence rates are very high in Italy, France, Spain, 
and Brazil [1]. The major symptom of glottic cancer is 
hoarseness. Therefore, it is important in the care of glot-
tic carcinoma patients not only to improve the treatment 
results but also to preserve vocal fold function. Radio-
therapy (including chemoradiotherapy), open surgery, 
and laser microsurgery are all accepted treatments for 
stage II glottic cancer [2-8]. However the appropriate 
treatment for patients with T2N0M0 glottic cancer is not 
well defined. In Saga Medical School Hospital, CO2 laser 
surgery has been performed since 1986 as one of the organ 
preservation treatment choices, in early carcinoma  

(T1N0M0) of the larynx [9]. Until 1997 in our hospital, 
the first choice of treatment for T2 glottic cancer has 
been partial or a total laryngectomy, but selected cases of 
T2 glottic cancer (T2 tumors without impaired vocal fold 
mobility and the tumor did not extend to the vocal proc-
ess, early T2) have been received endoscopic CO2 laser 
since 1990. T2 tumors with impaired vocal fold mobility 
or deep extension involving the paraglottic space or ex-
tending to the false vocal fold (advanced T2) were 
treated with CO2 laser surgery followed by radiotherapy 
since 1998. 

CO2 laser surgery treatment has also been available in 
other institutions [2-7]. However, there are few reports 
evaluating the results of CO2 laser surgery combined 
with radiotherapy in T2N0M0 glottic carcinoma patients. 
In our hospital, laser-debulking surgery was used prior to 
radiotherapy (or chemoradiotherapy) to improve the local 
control rate in advanced T2 glottic cancer patients. This 
report investigated the results of CO2 laser surgery alone 
and CO2 laser surgery combined with radiotherapy or  
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chemoradiotherapy in patients with T2N0M0 glottic car-
cinoma. We also studied the results to determine how laser 
surgery affects the voice. 

2. Patients and Methods 

2.1. Patients 

For this study, detailed clinical analysis was performed 
on 56 patients who had undergone total laryngectomy or 
endoscopic CO2 laser surgery between 1990 and 2000 in 
Saga Medical School Hospital. All patients had T2N0M0 
invasive squamous cell glottic carcinoma. Carcinoma in 
situ and verrucous carcinoma were excluded. None of the 
patients had received radiotherapy or chemotherapy prior 
to endoscopic surgery. Patients with a follow-up period 
of less than 2 years were excluded. Thirty-five of 56 pa-
tients received endoscopic CO2 laser surgery between 
1990 and 2000 in Saga Medical School Hospital. The 
remaining 21 patients received total laryngectomy be-
tween 1990 and 1997. Informed consent was obtained 
from all patients. Invasive squamous cell glottic carci-
noma was classified according to the UICC TNM classi-
fication of 1992. 

2.2. Treatments 

In Saga medical school hospital, T2 tumors without im-
paired vocal fold mobility (early T2) were treated with 
endoscopic CO2 laser surgery alone from 1990. T2 tu-
mors with impaired vocal fold mobility or deep extension 
involving the paraglottic space or extending to the false 
vocal fold (advanced T2) were treated with total or par-
tial laryngectomy until 1997. All advanced T2 glottic 
cancers were treated with CO2 laser surgery followed by 
radiotherapy from 1998. 

The endoscopic CO2 laser surgery was classified ac-
cording to the criteria of the Working Committee, Euro-
pean Laryngological Society [10]. Laser power was at 3 - 
10 W with a 0.1-sec pulse or continuous vaporization. In 
the endoscopic laser surgery, all resections were done as 
a cordectomy with one of the following two techniques. 
In the first technique (laser surgery alone), a CO2 laser 
was used as a scalpel to excise a lesion (type II, III, IV 
and Va cordectomy) in selected T2 cases (early T2) in 
whom the tumor did not extend to the vocal process and 
who had normal vocal cord mobility. Fourteen patients 
with T2N0M0 disease were treated with endoscopic CO2 
laser surgery alone. The remaining 21 patients were 
treated with CO2 laser surgery followed by radiotherapy. 
These advanced T2 cases had tumors that extended to the 
subglottic space, a primary lesion that was exophytic 
with a large volume, or a tumor that extended to the vo-
cal process or impaired vocal cord mobility. The tumor 
tissue was vaporized with a CO2 laser, including the epi-
thelium, Reinke’s space, and the vocal ligament (de-

bulking surgery). The vocal muscle was preserved as 
much as possible even if this required leaving some tu-
mor. Radiotherapy (44 - 70 Gy, 2 Gy a day, 5 days a 
week) was then given. Nine of 21 patients received 
low-dose carboplatin (CBDCA) conventional concomi-
tant extra beam chemoradiotherapy (CBDCA at 15 mg/m2 
a day, 5 days a week, total of four weeks). CBDCA was 
used as a radio sensitizer because it was shown to en-
hance the effects of radiation [11,12]. The patients in this 
group were treated with a 4-Mev linear accelerator. Par-
allel-opposed portals were used routinely, almost always 
with a field size of 5 by 5 cm. 

2.3. Treatments for Recurrence 

As a general rule for patients experiencing recurrence, 
we performed CO2 laser surgery alone for rT1N0M0 or 
rT2N0M0 patients with normal vocal cord mobility. The 
criteria for CO2 laser surgery of recurrent glottic cancer 
are similar to the de Gier HHW criteria [13]. Other pa-
tients received laser surgery followed by radiation ther-
apy or total laryngectomy. We also performed neck dis-
section for rN patients. 

2.4. Clinical Analysis 

The main outcome measures were local tumor control, 
voice preservation, recurrence, 5-year survival, and suc-
cessful salvage in cases of recurrence. The 5-year cause- 
specific survival rate (end point: death by other causes) 
and 5-year cumulative laryngeal preservation rate (end 
point: total laryngectomy) for these patients were calcu-
lated by the Kaplan-Meier method. Salvage rates are re-
ported as a percentage of successful salvage per recur-
rence. The minimum follow-up period was 2 years and 
the maximum was 12 years (mean, 5 years). 

2.5. Voice Evaluation 

We evaluated the patient’s voice with GRBAS, maximum 
phonation time (MPT), air flow rate (AFR), pitch, and 
intensity obtained by aerodynamic tests. The GRBAS 
scale was classified according to the Japan Society of 
Logopedics and Phoniatrics [14]. The authors and a 
speech pathologist made judgment ratings of voice quality. 
The voice sample was measured and analyzed more than 
one year (from one year to two years) after surgery. We 
used PS77 (Nagasima Co., Ltd., Tokyo Japan) and Multi- 
Dimensional Voice Program, MDVP (Kay Elemetrics Co., 
Ltd., NJ, USA) were used to test phonatory function. Sta-
tistical analysis was done with the Wilcoxon signed-rank 
test or paired student t test. p values of < 0.01 were re-
garded as significant. 

2.6. Follow-Up 

As a general rule, patients were examined after treatment 
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in an outpatient clinic every two or four weeks for the 
first year after discharge, every month during the second 
year, and every few months during the third year. At 
each outpatient visit, the patient was always examined by 
at least two physicians to double check test and examina-
tion results. 

2.7. Comparison with Total Laryngectomy  
Results 

We also compared the results for the 35 patients with 
results between 1990 and 1997 of total laryngectomy for 
21 stage II (advanced T2) glottic carcinoma patients. 

3. Results 

Among the 35 T2N0M0 patients, the 5-year survival and 
5-year voice preservation rates were 97% and 89%, re-
spectively. Two of the 14 patients who underwent CO2 
laser surgery alone had a type II cordectomy, 8 patients a 
type III cordectomy, and 4 patients a type Va cordectomy. 
The 5-year cause-specific survival rate was 100%, the 
laryngeal preservation rate was 100%, and the recurrence 
rate was 29%. Three of 21 patients who underwent CO2 
laser surgery followed by radiotherapy had a type I cor-
dectomy, 16 patients a type II cordectomy, 1 patient a 
type III cordectomy, and 1 patient was performed type 
Va cordectomy. No patients suffered from dysphasia or 
perichondritis during or after treatments. The 5-year 
cause-specific survival rate was 97%, the laryngeal pres-
ervation rate was 82%, and the recurrence rate was14% 
(Table 1). The side effects of chemoradiotherapy, such 
as prevalent toxicity, were all within Grade 1 and 2. 

Local recurrence occurred in 7 patients (20%), and 4 
of 7 local recurrences were successfully re-treated with 
laser surgery. Total laryngectomy was necessary for sal-
vage treatment in the remaining 3 patients. One patient 
died with nodal regional failure (Figure 1). Anterior 
commissure spread was seen in 7 patients. There was no 
significant difference in local control between the groups 
of patients with and without anterior commissure in-
volvement. 
 

Table 1. Stage II glottic cancer therapeutic results. 

Treatments 
Patients 

(n) 
5-yr Sur-
vival (%) 

Voice pre-
serve (%) 

Recurrence 
(%) 

Laser  
surgery 

14 100 100 29 

Laser surgery 
+ RT 

21 97 82 14 

Laser surgery 
(Total) 

35 97 89 20 

Total laryn-
gectomy 

21 100 0 19 

yr, year; RT, Radiotherapy. 

 

18 pts 

 

Figure 1. Surgical salvage treatment pathway of 7 T2N0M0 
patients with local recurrence. RT: Radiotherapy. TL: To-
tal laryngectomy. RND: Radical neck dissection. Pt: Patient. 
Pts: Patients. 
 

There was little change in MPT (p > 0.05) after treat-
ment in no recurrent T2N0M0 patients. Although the 
postoperation AFR and pitches were slightly higher than 
the pre-operation values (p > 0.01), no statistically sig-
nificant differences were observed between pre- and 
postoperation voice qualities (Figures 2-4). The post- 
treatment voice qualities were judged to be the same or 
improved over pretreatment qualities (GRABAS scale, 
Table 2). The 5-year cause-specific survival rate for the 
total laryngectomy group was 100%, and the recurrence 
rate was 19% (Table 1). In 4 of 21 patients, recurrence of 
cervical lymph node metastasis was detected, but all 4 
patients were salvaged by neck dissection. 

4. Discussion 

The glottic cancer treatments for laryngeal function pres-
ervation include endoscopic microsurgery, partial laryn-
gectomy, radiotherapy, and combined therapy [2-8,14-18]. 
Endoscopic laser surgery is widely accepted for early glot-
tic cancer treatment [5,8,19]. There are several advantages 
of CO2 laser surgery alone in comparison with radiother-
apy and partial laryngectomy [4,9,15,18,20]: 

1) less pain after treatment and fewer side effects such 
as radiation-induced pharyngitis or dermatitis; 2) short 
surgery time and there no side effects such as dysphasia, 
hemorrhage, or cartilage necrosis; 3) histopathological  
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Figure 2. Pre- and post-operative MPT in T2N0M0 glottic 
cancer patients (n = 19, p > 0.05). MPT, maximum phona-
tion time (sec). Pre, pre-operative, post, post-operative. 
 

 

Figure 3. Pre- and post-operative AFR, in T2N0M0 glottic 
cancer patients (n = 18, p > 0.01). AFR, mean air flow rate 
during phonation. 
 

 

Figure 4. Pre- and post-operative pitch measurements in 
T2N0M0 glottic cancer patients (n = 23, p > 0.01). Pre, 
pre-operative, post, post-operative. 

Table 2. Comparative voice quality after laser surgery. 

 Grade Rough Breathy Asthenic Strained

Improvement 10 8 9 0 6 

No change 6 8 6 16 7 

Impairment 0 0 1 0 3 

 
evaluation; 4) re-treatment with laser surgery or radiation 
of recurrent tumors; 5) easy observation during follow-up; 
6) short hospitalization period and high cost effectiveness; 
and 7) no radiation-induced carcinoma. 

Because of these advantages, CO2 laser surgery has 
been performed for early glottic carcinoma in our institu-
tion. In this study, all outcome measures were good in-
cluding those of local control, voice preservation, recur-
rence rate, 5-year survival rate, and successful salvage in 
cases of recurrence, and voice quality. In particular, this 
study showed that CO2 laser surgery alone is sufficient 
for early T2 cases. Early glottic cancer cases are con-
trolled by radiation treatment or partial laryngectomy, 
but we think that CO2 laser surgery alone is more advan-
tageous than these therapies. 

Although favorable results for selected T2N0M0 la-
ryngeal carcinoma treated with laser surgery are sup-
ported by previous study [4,8], no definitive recommen-
dations could be given for the best single treatment for all 
T2N0M0 glottic cancers. Radiotherapy is believed to pre-
serve voice best, but radiotherapy alone is associated with 
a high risk of local recurrence [16,17]. When we have 
judged that CO2 laser surgery alone was not adequate for 
T2N0M0 cases, we have used CO2 laser surgery followed 
by radiotherapy or chemoradiotherapy as a combination 
therapy to improve results and voice quality.  

For T2 glottic cancer, the local control with radiother-
apy alone falls to 50 to 85% [21]. The previous report 
showed it seemed to favor open conservation surgery 
over radiotherapy or endoscopic laser surgery when local 
control is the endpoint [21]. Our study showed that the 
5-year survival and 5-year voice preservation rates were 
97% and 89%, respectively. 

The post-treatment voice qualities were judged to be 
the same or improved over pretreatment qualities (Table 
2). We think that voice qualities should be an important 
factor to integrate into decision-making.  

Because this report is not a randomized retrospective 
study, and the total cost of CO2 laser surgery followed by 
external beam radiotherapy is significantly higher than 
that of laser surgery alone, further investigation is needed 
to resolve these problems. However, our study revealed 
good local control results and satisfactory vocal qualities. 
We believe that this method is a more useful treatment 
than that of partial or total laryngectomy or radiotherapy 
alone. 

Endoscopic laser surgery has been used successful for 
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treating radiation failure of early glottic carcinoma [13,22], 
but there are few studies of the patterns of local recur-
rences, related re-treatment methods, and results for sal-
vage treatment. In this study, 4 local recurrent rT1 and rT2 
patients were salvaged with CO2 laser surgery. Our previ-
ous study of CO2 laser surgery for T1N0 glottic carcinoma 
patients (n = 55) found 13% recurrence, but all recurrence 
patients (rT1 or rT2) were salvaged with re-laser surgery 
[8]. These results showed that laser surgery was one of the 
best re-treatment options for salvage therapy in case of 
local failure. It is important to do close clinical follow-up, 
because even if patients have recurrence they may undergo 
re-treatment swiftly. 

Voice quality impairment was minimal in most pa-
tients in this study. The factors in the patients’ social 
backgrounds, such as age and occupation, were different. 
Therefore, it was necessary to assess the voice after laser 
surgery in consideration of each patient’s social back-
ground. Laser excision for treatment of early glottic can-
cer had more advantages than those of radiotherapy or 
laryngectomy from the viewpoint of quality of life. 

5. Conclusions 

Endoscopic CO2 laser surgery alone gives good on-
cological results and is a desirable alternative to radio-
therapy or partial laryngectomy for patients with early T2 
glottic carcinoma.  

In advanced cases of T2N0 cancer, endoscopic CO2 
laser microsurgery followed by radiation or chemoradia-
tion therapy is a useful therapy. 
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