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Background: This study aims to investigate the clinical efficacy of transoral laser microsurgery and open 
partial laryngectomy (OPL) in treating T1-2 laryngeal cancer.
Methods: A retrospective analysis was conducted of 182 patients with T1-2 cancer with anterior vocal 
commissure (AVC) involvement. The local control (LC), disease-free survival (DFS) and overall survival (OS) 
rates at 5-year follow-up and the influencing factors were analyzed.
Results: No significant difference was observed in the LC or DFS rates between the two groups at 3- and 
5-year follow-up. No significant difference was found between the two groups with T1-stage disease. The 
5-year LC rates were significantly different from patients with grade 3 or 4 tumors on indirect laryngoscopy 
and patients with class III or IV tumors on the modified Mallampati test (MMT) (log-rank test: χ2=8.037, 
P=0.005). The 3-year LC rate of OPL in the depth of pathological infiltration (3–5 mm) group was found to 
be significantly higher than that of TLM. Significant differences in pathological infiltration depth (3–5 mm) 
existed between the two groups (log-rank test: χ2=5.786, P=0.016). 
Conclusions: T1 lesions are generally limited and superficial, and laser surgery can be well-controlled. 
For patients with difficult airway exposure, surgeons should have extensive surgical experience and skills. It 
is recommended that a variety of equipment should be ready so that surgeons can convert to open surgery at 
any time. For patients with a deep infiltration depth, surgeons should examine laryngoscopy imaging results 
before surgery.
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Introduction

Laryngeal cancer is a common malignant tumor that 
accounts for 4.5% of systemic malignancies, with glottic 
laryngeal cancer representing approximately 50% of 
laryngeal tumors (1). Transoral carbon dioxide laser 
microsurgery (TLM) is the preferred treatment for 
early glottic cancer (Tis) (2-4). In the past, OPL could 

remove tumor tissue radically, which greatly reduced the 
postoperative recurrence rate, but due to the loss of normal 
laryngeal function caused by extensive resection, the 
quality of life and voice of patients decreased significantly 
after operation. And accompanied by more postoperative 
complications, it takes a long time to recover. CO2 laser 
belongs to the infrared spectrum, which is a continuous 
gas molecular laser. The laser efficiency is about 10–15%. 

464

Original Article

https://crossmark.crossref.org/dialog/?doi=10.21037/atm-21-135


Luo et al. Comparison of laser microsurgery and OPL

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(6):464 | http://dx.doi.org/10.21037/atm-21-135

Page 2 of 13

The depth of penetration is calculated by microns, and 
the damage to the surrounding tissue is minimal. Due 
to the extremely small angle of laser emission and high 
energy density during the operation, the power of kilowatt 
per square centimeter can be obtained after focusing. 
This makes it have highly concentrated directional and 
energy characteristics, which can give full play to burning, 
gasification and cutting focus tissue in the treatment of 
early glottic carcinoma, and can seal lymphatic vessels, 
blood vessels and nerve endings. It can reduce the local 
avulsion and traction of the instrument, and maximize the 
normal function of the patient’s larynx. The recurrence 
rate is relatively high when the tumor is associated with 
anterior vocal commissure (AVC) involvement. It is widely 
believed that this involvement is related to the narrow and 
complex structure of the AVC, in which the AVC is fused 
from the front of the bilateral vocal cords and attached to 
the anterior part of the vestibular fold. The fibers of the 
acoustic ligament are directly connected to the thyroid 
cartilage to form Broyles’ ligament (5). It has been reported 
that the former condition, combined with Broyles’ ligament, 
disrupts the integrity of the thyroid cartilage membrane, 
leading to AVC susceptibility (6,7). Other researchers have 
suggested that this phenomenon has a ‘barrier effect’ (8). 

Studies have shown that the thyroepiglottic ligament in 
the superior glottic area is similar to Broyles’ ligament in 
the glottic area, but there is no continuity between glands 
and vessels (9). Wu et al. performed a pathological biopsy 
to verify the latter perspective and found that the ligament 
had a certain ‘barrier effect’ on tumor cells; however, 
this effect was weakened if the vocal cord muscles were 
disrupted (10). Therefore, it is important to determine the 
efficacy of TLM in early-stage laryngeal carcinoma with 
AVC involvement. In this research, we analyzed clinical 
data from the past 10 years to evaluate the clinical efficacy 
of TLM in patients with anterior vocal commissure (AVC) 
cancer. The results were compared with those obtained for 
patients who underwent open partial laryngectomy (OPL) 
to select an optimal treatment method for patients with 
AVC involvement.

We present the following article in accordance with the 
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-21-135).

Methods

General information

A total of 182 patients were diagnosed with AVC 

involvement in early glottic carcinoma at our unit from 
January 2006 and January 2017. Patients were divided 
into TLM and OPL groups, with 65 and 117 cases in each 
group, respectively. The TLM group was implemented 
in 2010, while OPL group was implemented in 2006. 
The baseline characteristics of patients in the OPL group 
between 2006 and 2010 were no different from those in 
the same group after 2010. Regarding TNM stage (AJCC/
UICC) classification, 63 cases had T1a, 72 cases had T1b, 
and 47 cases had T2. The related data are listed in Table 1.

Conditions for AVC assessment

AVC involvement was  diagnosed with f iberopt ic 
laryngoscopy, CT and/or MRI, and/or pre-associated 
pathology, or postoperative pathology.

Exclusion criteria

(I) Non-squamous cell carcinoma; (II) clinical stages not 
T1-2N0M0 (according to the 2002 AJCC/UICC); (III) 
patients with oropharyngeal surgery; (IV) patients with 
severe abnormalities in vital organs, such as heart, brain and 
lung; and (V) patients unwilling to participate in the study.

Measurement of the tumor infiltration depth of 
pathological specimens

According to the specimen locations, the infiltrated tissues 
of the surgically resected tumor specimens were taken from 
tissues that were vertically infiltrated. The sections were 
cut, fixed, and preserved, before being dehydrated, paraffin-
embedded, and cut into 3-μm thick slices. Hematoxylin and 
eosin staining was performed. The depth of invasion was 
measured as the distance from the epithelial location to the 
deepest tumor tissue, and the data were recorded.

Surgical methods

Zeiss S88 surgical microscope (Zeiss, Germany), Sharplan-
30c CO2 laser and coupler (Israel Scientific), support 
laryngoscope (STORZ, Germany), laryngoscope for 
microsurgery. The methods were in accordance with the 
2007 European Laryngeal Society classification criteria for 
CO2 laser vocal cord resection. These procedures include 
frontal laryngectomy (FLPL), partial cartilage upper 
laryngectomy, modified ring epiglottic bone fixation (SCPL-
CTP), and a modified thyroid cartilage window (WPL)  
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Table 1 Distribution of patient characteristics

Category Total N (%) TLM, N (%) OPL, N (%) P valuea

Sex 0.29

Female 3 (1.65) 2 (3.08) 1 (0.85)

Male 179 (98.35) 63 (96.92) 116 (99.15)

Age 0.636

≤65 111 (60.99) 38 (58.46) 73 (62.39)

>65 71 (39.01) 27 (41.54) 44 (37.61)

cT classification 0.002

T1a 63 (34.62) 31 (47.69) 32 (27.35)

T1b 72 (39.56) 26 (40.00) 46 (39.32)

T2 47 (25.82) 8 (12.31) 39 (33.33)

Modified Mallampati Test 0.072

Class I 27 (15.61) 8 (12.50) 19 (17.43)

Class II 37 (21.39) 9 (14.06) 28 (25.69)

Class III 83 (47.98) 39 (60.94) 44 (40.37)

Class IV 26 (15.03) 8 (12.50) 18 (16.51)

Unknown 9

Indirect laryngoscopy 0.878

Grade 1 26 (15.20) 9 (14.29) 17 (15.74)

Grade 2 59 (34.50) 20 (31.75) 39 (36.11)

Grade 3 65 (38.01) 25 (39.68) 40 (37.04)

Grade 4 21 (12.28) 9 (14.29) 12 (11.11)

Unknown 11

Pathological infiltration depth 0.857

0–3 mm 31 (37.35) 9 (42.86) 22 (35.48)

3–5 mm 31 (37.35) 7 (33.33) 24 (38.71)

>5 mm 21 (25.30) 5 (23.81) 16 (25.81)

Unknown 99

Pathological differentiation 0.013

Low 27 (19.15) 15 (33.33) 12 (12.50)

Moderate 74 (52.48) 18 (40.00) 56 (58.33)

High 40 (28.37) 12 (26.67) 28 (29.17)

Unknown 41
a, italic indicates P<0.05. The differences between the two groups in each category were statistically significant by Fisher’s exact test. 
TLM, transoral carbon dioxide laser microsurgery; OPL, open partial laryngectomy.
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(11-15). A total of 65 cases underwent TLM. The OPL 
group included 48 cases of modified WPL, 37 cases of CTP, 
and 32 cases of FLPL. All surgeries were performed by one 
experienced surgeon using indistinguishable technique.

Research process

Relevant data and an OPL case-control study were 
analyzed to study the surgical efficacy of TLM in early 
glottic laryngeal cancer with AVC involvement. All patients 
signed an informed consent form. Twelve months (or 
more) after the initial surgical treatment, an outpatient 
visit or telephone call was arranged to verify survival for 
comparison analysis between groups. In addition, outpatient 
follow-up assessments were performed, including the 
modified Mallampati test (MMT) and indirect laryngoscopy 
(IL), with all data collected and recorded. Patients or their 
family members filled in the quality of life scales QLQ-C30 
(V3.0)  and QLQ-H&N35 (V1.0) .  Al l  procedures 
performed in this study involving human participants were 
in accordance with the Declaration of Helsinki (as revised 
in 2013). The study was approved by ethics board of The 
First Affiliated Hospital of Sun Yat-sen University (No.: 
ChiCTR-ORC-17010515).

MMT method

Patients sat opposite the observer and outstretched their 
tongues to maximal extension (not pronounced). The 
classification was based on the structures observed: class 
I, which included soft palate, fauces, uvula, and tonsillar 
pillars; class II, which included soft palate, fauces and base 
of the uvula; class III, which included soft palate, base of the 
uvula; and class IV, whereby the soft palate was not visible.

Indirect laryngoscopy (IL)

The airway view as shown by IL was classified as using the 
following grades: grade 1, full view of the glottis (vocal 
cords visible); grade 2, posterior commissure visible; grade 3, 
epiglottis visible; grade 4, no glottic structure visible.

QLQ-C30 (V3.0) Scale

This questionnaire consisted of 30 items: five on functional 
scales, including physical function (PF), role function (RF), 
cognitive function (CF), emotional function (EF), and 
social function (SF); three on symptom scales, including 

fatigue (FA), pain (PA), nausea, and vomiting (NV); six on 
individual items, including dyspnea (DY), insomnia (SL), 
loss of appetite (AL), constipation (CO), diarrhoea (DI), 
and financial difficulties (FD); and one overall rate, which is 
the quality of life scale (GQL).

QLQ-H&N35 (V1.0) Scale

This scale consisted of 35 items. These were divided 
into 18 fields: 7 symptom areas, including pain (HNPA), 
swallowing (HNSW), sense problems (HNSE), speech 
problems (HNSP), trouble with social eating (HNSO), 
trouble with social contact (HNSC), and less sexuality 
(HNSX); and 11 separate items, including teeth (HNTE), 
opening mouth (HNOM), dry mouth (HNDR), sticky 
saliva (HNSS), coughing (HNCO), felt ill (HNFI), pain-
killers (HNPK), nutritional supplements (HNNU), 
feeding tubes (HNFE), weight loss (HNWL), and weight 
gain (HNWG).

Evaluated parameters

Local control (LC), disease-free survival (DFS), and overall 
survival (OS) rates were calculated.

Statistical analysis

All data were analyzed using R 3.4.3 (R Core Team, Vienna, 
Austria). The Kaplan-Meier method was used to estimate 
LC, DFS, OS rates and survival rates at specific time 
points. The log-rank test was used to compare survival 
rates between groups, with P<0.05 indicating statistical 
significance. The rank-sum test was used for quality of 
life comparisons between groups, with P<0.05 indicating 
statistical significance.

Results

Comparison of LC, DFS and OS rates between groups

As shown in Table 2, among the 182 patients, LC rates at 1, 
3, and 5 years postoperatively were 96.92%, 85.02%, and 
85.02% for TLM group and 98.29%, 95.54%, and 93.15% 
for OPL group, respectively. DFS rates at 1-, 3-, and 5-year 
postoperatively were 96.92%, 85.02%, and 85.02% for 
TLM group and 98.29%, 92.71%, and 90.39% for OPL 
group, respectively. There was no significant difference in 
OS rates between the two groups (Table 2).
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Table 2 Comparison of the survival rate between the two groups

Time OS (95% CI) DFS (95% CI) LC (95% CI)

TLM

1 year 100 (100, 100) 96.92 (92.81, 100) 96.92 (92.81, 100)

3 years 100 (100, 100) 85.02 (75.76, 95.4) 85.02 (75.76, 95.4)

5 years 94.74 (85.21, 100) 85.02 (75.76, 95.4) 85.02 (75.76, 95.4)

OPL

1 year 100 (100, 100) 98.29 (95.97, 100) 98.29 (95.97, 100)

3 years 99.02 (97.15, 100) 92.71 (87.96, 97.72) 95.54 (91.79, 99.45)

5 years 96.49 (92.66, 100) 90.39 (84.84, 96.3) 93.15 (88.3, 98.26)

P valuea

1 year 1 0.289 0.289

3 years 0.157 0.084 0.024

5 years 0.375 0.176 0.073
a, the LC, DFS and OS rates and the survival rates at specific time points were analyzed using the Z test via the Kaplan-Meier method. 
TLM, transoral carbon dioxide laser microsurgery; OPL, open partial laryngectomy; LC, local control rate; DFS, disease-free survival rate; 
OS, overall survival rate; CI, confidence interval.

Table 3 Local control rate in the two groups according to different factors (%)

Time
Age cT classification Difficult airway Pathological infiltration depth

≤65 >65 T1a T1b T2 Da1 Da2 Da3 Da4 0–3 mm 3–5 mm >5 mm

TLM

1 year 100 92.59 96.77 96.15 100 96.77 100 100 100 100 85.71 80

3 years 83.01 87.15 89.84 80.11 85.71 75.47 100 100 92.31 100 51.43 60

5 years 83.01 87.15 89.84 80.11 –a 75.47 100 –a 92.31 100 –a –a

OPL

1 year 98.63 97.73 96.88 97.83 100 100 100 90 100 95.45 100 100

3 years 95.49 95.45 96.88 93.21 97.22 97.14 100 90 100 95.45 90.51 100

5 years 90.94 95.45 96.88 90.39 93.33 97.14 91.67 90 100 95.45 90.51 100

Da1 grades 3 and 4 were determined via indirect laryngoscopy, and classes III and IV were determined via the modified Mallampati test; 
Da2 grades 1 and 2 were determined via indirect laryngoscopy, and classes III and IV were determined via the modified Mallampati test; 
Da3 grades 3 and 4 were determined via indirect laryngoscopy, and classes I and II were determined via the modified Mallampati test; and 
Da4 grades 1 and 2 were determined via indirect laryngoscopy, and classes I and II were determined via the modified Mallampati test. a, 

follow-up time of the study subjects did not reach the corresponding time. TLM, transoral carbon dioxide laser microsurgery; OPL, open 
partial laryngectomy. MMT, Modified Mallampati Test; IL, indirect laryngoscopy.

Comparison of the 3- and 5-year LC rates between groups

As shown in Table 3, no significant difference was observed 

between the two groups with respect to T1a-stage disease 

(log-rank test: χ2=1.144, P=0.285). The 5-year LC rates after 

surgery were 96.9% and 89.8% in OPL and TLM groups, 
respectively. Subsequent analysis showed no significant 
difference between the two groups with respect to T1b-
stage disease (log-rank test: χ2=0.864, P=0.353). The LC 
rates at 5 years postoperatively were 90.4% and 80.1% in 
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OPL and TLM groups, respectively. The LC rates for T2-
stage patients for the two groups at 3 years postoperatively 
were 97.2% and 85.71%, respectively, and the difference 
between the two groups was not statistically significant (log-
rank test: χ2=3.535, P=0.06). Among patients with IL grades 
3 and 4, or MMT classes III and IV, the LC rates at 5 years 
postoperatively were 97.1% and 75.5% in OPL and TLM 
groups, respectively, with a statistically significant difference 
between the two groups (log-rank test: χ2=8.037, P=0.005). 
The LC rates at 3 years postoperatively for the group with 
a pathological invasion depth of 3–5 mm were 90.5% and 
51.4% for OPL and TLM, respectively, with a statistically 
significant difference between the two groups (log-rank test: 
χ2=5.786, P=0.016) (Figures 1-3). 

Comparison of the 3- and 5-year DFS rates between the 
two groups

As shown in Table 4 and Figure 4, the DFS results were 
consistent with the LC rate results.

Follow-up outcomes

During early glottic carcinoma with AVC involvement 
in TLM patients, eight cases showed recurrence, of 
which three underwent OPL and five underwent total 
laryngectomy. One of the eight patients died due to 
lung metastasis. One patient also had colorectal cancer, 
and one patient failed to attend for follow-up. In the 
OPL group, recurrence and metastasis occurred in nine 
patients, of which one patient received gamma knife 
treatment, four patients underwent total laryngectomy, 
two patients metastasized, and two patients underwent 
radiochemotherapy. Two patients died, with one due to 
carotid artery rupture and the other due to lung metastasis. 
Four patients developed lymph node, lung, and liver 
metastases. Four patients failed to attend for follow-up. In 
addition, only 138 patients were included health-related 

Figure 1 Comparison of the LC rates of T2-stage patients 
between the two groups. LC rates in the transoral carbon dioxide 
laser microsurgery (TLM) group (solid line) and open partial 
laryngectomy (OPL) group (dotted line); Kaplan-Meier analysis 
of the local control rates of T2 lesions in the two groups was 
performed (log-rank test, P=0.06). LC, local control.

Figure 2 Comparison of LC rates of patients classified as grades 
3 and 4 on indirect laryngoscopy or classes III and IV on the 
modified Mallampati test between the two groups. LC rates in the 
transoral carbon dioxide laser microsurgery (TLM) group (solid 
line) and open partial laryngectomy (OPL) group (dotted line); 
Kaplan-Meier analysis of the local control rates in patients in the 
two groups classified as grades 3 and 4 on indirect laryngoscopy or 
classes III and IV on the modified Mallampati test was performed 
(log-rank test, P=0.005). LC, local control.
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Figure 3 Comparison of LC rates of patients with pathological 
infiltration depths of 3–5 mm between the two groups. Local 
control rates in the transoral carbon dioxide laser microsurgery 
(TLM) group (solid line) and open partial laryngectomy (OPL) 
group (dotted line); Kaplan-Meier analysis of the local control 
rates in patients in the two groups with pathological infiltration 
depths of 3–5 mm was performed (log-rank test, P=0.016). LC, 
local control.

0 1000 2000 3000
Time (day)

TLM 
OPL

Chi-square =5.786, P=0.016

Lo
ca

l c
on

tr
ol

1.0

0.8

0.6

0.4

0.2

0.0

Table 4 Disease-free survival rates in the two groups according to different factors (%)

Time
Age cT classification Difficult airway Pathological infiltration depth

≤65 >65 T1a T1b T2 Da1 Da2 Da3 Da4 0–3 mm 3–5 mm >5 mm

TLM

1 year 100 92.59 96.77 96.15 100 96.77 100 100 100 100 85.71 80

3 years 83.01 87.15 89.84 80.11 85.71 75.47 100 100 92.31 100 51.43 60

5 years 83.01 87.15 89.84 80.11 –a 75.47 100 –a 92.31 100 –a –a

OPL

1 year 98.63 97.73 96.88 97.83 100 100 100 90 100 95.45 100 100

3 years 92.3 93.13 90.3 90.55 97.22 97.14 100 90 100 90.43 90.51 100

5 years 87.91 93.13 90.3 87.81 93.33 97.14 91.67 90 100 90.43 90.51 100

Da1 grades 3 and 4 were determined via indirect laryngoscopy, and classes III and IV were determined via the modified Mallampati test; 
Da2 grades 1 and 2 were determined via indirect laryngoscopy, and classes III and IV were determined via the modified Mallampati test; 
Da3 grades 3 and 4 were determined via indirect laryngoscopy, and classes I and II were determined via the modified Mallampati test; and 
Da4 grades 1 and 2 were determined via indirect laryngoscopy, and classes I and II were determined via the modified Mallampati test. a, 

follow-up time of the study subjects did not reach the corresponding time. TLM, transoral carbon dioxide laser microsurgery; OPL, open 
partial laryngectomy; MMT, Modified Mallampati Test; IL, indirect laryngoscopy.

quality of life (HRQOL) measurement to reduce bias, 
exclusions made for tumor recurrence, metastasis and death. 
In TLM, eight patients relapsed, metastasized or died 
and nine patients were unable to be contacted at follow-
up. In OPL, recurrence and metastasis led to the death of 
11 patients, and 16 patients were lost during follow-up. 
Finally, 48 patients were included in the TLM group and 
90 patients were included in OPL group. Regarding patient 
quality of life, the overall health quality was higher in TLM 
group than in OPL group (Table 5).

Discussion

Since Strong and Jako commenced TLM for glottic 
laryngeal cancer treatment in the 1970s (16), the use of 
OPL has been declining (13). Laser surgery accounts for 
approximately 30–50% of all laryngeal cancer treatments 
in developed countries. A large number of reports showed 
that the LC rate of T1 patients is 77–92%, the LC rate 
of T2 patients is 66–88%, and larynx preservation rate 
is 90–99% (17-21). In addition, the LC rate of OPL is 
86–98%, and the LFP rate is 88–100% (12,22-25). Despite 
its success, the efficacy of TLM in the treatment of this 
type of carcinoma with AVC involvement remains unclear. 
Most scholars believe that AVC glottic cancer requires open 
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surgery or radiotherapy and that TLM can only be used 
for AVC involvement in laryngeal cancer; however, other 
scholars believe that TLM can be appropriate if certain 
conditions, such as AVC exposure, are met. The purpose 
of this retrospective study was to investigate the effect of 
TLM on treating early-stage glottic carcinoma with AVC 
involvement.

AVC involvement and TNM staging

The UICC or AJCC staging of laryngeal cancer is widely 
used; however, the application of TNM staging in cases with 
AVC involvement remains controversial. Some scholars 
believe that TNM staging has no significant difference in 
LC and survival rates and can therefore be performed in 
accordance with the original stage (2,19,26-28); however, 
other scholars believe that AVC involvement may also be 
associated with a high recurrence rate (6). Karatzanis et al. 
reported that TNM staging did not sufficiently encompass 
AVC lesions and that TNM staging systems including 

AVC lesions should be developed (4). This study is based 
on TNM staging and AVC involvement. As shown in  
Table 2, no significant difference was found between TLM 
and OPL groups on OS, DFS and LC rates. As shown in 
Table 3, the 5-year LC of T1b was the lowest in the TLM 
group, which was related to the extent of preoperative 
resection or insufficiency of prediction. In general, for T1 
disease, no statistically significant difference was observed 
between the TLM group and OPL groups. Therefore, T1 
lesions are generally considered limited and superficial, and 
laser treatment can be well-controlled. In this analysis, Tis 
cases were excluded because few Tis patients choose open 
surgery, making the comparison difficult. The LC rate of 
T2 patients in the TLM group was 85.71%, consistent with 
previous data from Steiner, and was significantly different 
from the LC rate of T2 patients in the OPL group (29). 

Since the laser group included only eight T2 cases, the 
difference was not significant and additional data analysis 
is needed with a larger sample size. In addition, one case of 
recurrence was observed among the eight T2 cases, and this 
case was classified as grade 4 by IL and MMT. Therefore, 
the difficulty of exposure might have been the cause of T2 
recurrence. We believe that CO2 laser application for T2 
cases is conditional. Firstly, TLM was fully evaluated before 
surgery and based on well-predicted difficult exposure, 
and the AVC lesion could be fully exposed during surgery. 
Secondly, preoperative laryngeal CT or MRI was performed 
to assess the extent of the tumor and to ensure that the 
surgical margin was more than 3 mm to achieve en bloc 
tumor resection. Thus, under certain conditions, including 
a surgeon with extensive clinical experience and high skill 
level, TLM can achieve better results.

Difficult exposure

The application of TLM, especially with inadequate 
preoperative or intraoperative assessment of the AVC range, 
can lead to recurrence. Sachse et al. found that in patients 
with early laryngeal cancer, the difference of LC rates 
between laser and open surgery was mainly due to poor 
glottic exposure (30). 

Various evaluation methods are available to determine 
whether an airway is difficult, such as the Cormack-Lehane 
system and thyromental distance. The specificity and 
sensitivity of the MMT are reportedly low, thus limiting 
its clinical application (31). Therefore, the MMT needs to 
be combined with other methods to better predict difficult 
airways (32). Yamamoto et al. compared MMT score, IL and 

Figure 4  Comparison of the DFS rates of patients with 
pathological infiltration depths of 3–5 mm between the two 
groups. Disease-free survival rates in the transoral carbon dioxide 
laser microsurgery (TLM) group (solid line) and open partial 
laryngectomy (OPL) group (dotted line); Kaplan-Meier analysis 
of the disease-free survival rates in patients in the two groups with 
pathological infiltration depths of 3–5 mm was performed (log-rank 
test, P=0.016). DFS, disease-free survival.
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Table 5 Correlation with the life quality in the two groups

Indexes TLM OPL P

EORTC QLQ-C30

Function scale 

Physical (PF) 100 (93.33, 100) 100 (100, 100) 0

Role (RF) 100 (100, 100) 100 (100, 100) 0.939

Emotional (EF) 100 (91.67, 100) 100 (91.67, 100) 0.692

Cognitive (CF) 100 (100, 100) 100 (100, 100) 0.391

Social functioning (SF) 100 (100, 100) 100 (83.33, 100) 0.127

Global health/QoL (QL) 100 (83.33, 100) 83.33 (66.67, 100) 0.033

Single item questions

Fatigue (FA) 0 (0, 0) 0 (0, 0) 0.403

Nausea and vomiting (NV) 0 (0, 0) 0 (0, 0) 0.246

Pain (PA) 0 (0, 0) 0 (0, 0) 0.98

Dyspnea (DY) 0 (0, 33.33) 0 (0, 0) 0.539

Insomnia (SL) 0 (0, 0) 0 (0, 0) 0.016

Appetite loss (AP) 0 (0, 0) 0 (0, 0) 0.239

Constipation (CO) 0 (0, 0) 0 (0, 0) 0.19

Diarrhea (DI) 0 (0, 0) 0 (0, 0) 0.429

Financial difficulties (FI) 0 (0, 0) 0 (0, 33.33) 0.012

EORTC QLQ-HN35

Pain (HNPA) 0 (0, 0) 0 (0, 0) 0.98

Swallowing (HNSW) 0 (0, 0) 0 (0, 8.33) 0

Sensory problems (HNSE) 0 (0, 0) 0 (0, 0) 0.82

Speech problems (HNSP) 22.22 (11.11, 33.33) 22.22 (11.11, 33.33) 0.402

Trouble with social eating (HNSO) 0 (0, 0) 0 (0, 0) 0.254

Trouble with social contact (HNSC) 0 (0, 0) 0 (0, 0) 0.221

Less sexuality (HNSX) 0 (0, 33.33) 0 (0, 66.67) 0.112

Teeth (HNTE) 0 (0, 0) 0 (0, 0) 0.526

Opening mouth (HNOM) 0 (0, 0) 0 (0, 0) 0.972

Dry mouth (HNDR) 0 (0, 33.33) 0 (0, 33.33) 0.48

Sticky saliva (HNSS) 0 (0, 0) 0 (0, 33.33) 0.034

Coughing (HNCO) 0 (0, 33.33) 33.33 (0, 33.33) 0.084

Feeling ill (HNFI) 0 (0, 0) 0 (0, 0) 0.641

Pain-killers (HNPK) 0 (0, 0) 0 (0, 0) 0.684

Nutritional supplements (HNNU) 0 (0, 0) 0 (0, 0) 0.153

Weight loss (HNWL) 0 (0, 0) 0 (0, 0) 0.418

Weight gain (HNWG) 0 (0, 0) 0 (0, 0) 0.635

TLM group was better than the OPL group in PI, QOL, SL, FI, HNSW and HNSS, which were significantly different. The rank-sum test was 
used to compare the groups, and P<0.05 means statistically significant. TLM, transoral carbon dioxide laser microsurgery; OPL, open 
partial laryngectomy.



Luo et al. Comparison of laser microsurgery and OPL

© Annals of Translational Medicine. All rights reserved.   Ann Transl Med 2021;9(6):464 | http://dx.doi.org/10.21037/atm-21-135

Page 10 of 13

Wilson risk sum score to predict difficult airways, and the 
IL method was found to have the highest reliability (33). 
The present study examined the prognosis of patients who 
were treated by different methods and who were classified 
as grade 3 or 4 according to the MMT and IL. The LC rate 
at 5 years postoperatively was significantly different between 
the two groups. Therefore, grade 3 or 4 was considered an 
indicator of difficult airway exposure. In addition, the LC 
rate at 5 years postoperatively was 76.8% for patients in 
the TLM group who were classified as grade 3 or 4 by IL 
alone, which is similar to the result of the combined grade 3 
and 4 groups. In fact, there is no single evaluation method 
that can accurately predict difficult airway before surgery. 
Moreover, it is necessary to consider other influencing 
factors, such as the depth of anaesthesia and dosage. In 
general, for patients with difficult airway exposure, surgeons 
should have extensive surgical experience and skill. It is 
highly recommended that a variety of laryngoscopes and 
equipment are ready to allow the surgeon to convert to 
open surgery at any time if required.

Surgical margin

TLM has gradually become one of the main ways to treat 
early glottic carcinoma because of its many advantages, 
such as less trauma, overall postoperative condition, less 
hospitalization cost, less intraoperative and postoperative 
complications and so on. However, it has been difficult to 
have a consensus on the invasion of the anterior union and 
some patients with stage T2. According to the theoretical 
analysis, the tumor tissue exposed by bracing laryngoscope 
can be removed by laser during the operation, but it is 
found in the process of clinical treatment for this type of 
patients. Due to the difficulty of intraoperative exposure 
and the relative limitations of TLM, it is difficult to achieve 
ideal resection, resulting in a relatively high recurrence rate. 
There is wide debate regarding the impact of the surgical 
margin on patient prognosis. Fiz et al. first proposed the 
definition of positive margins in tissue specimens and noted 
that the depth of tumor infiltration is correlated to patient 
prognosis (34,35). He reported that the positive margin 
rate of pathological tissue specimens obtained from lung 
cancer CO2 laser ablation reached 50%. It should be noted 
that the pathological margin is different from the safe 
surgical margin; the clinical significance of the former is 
still controversial and requires further investigation, while 
the positive outcomes of the latter have been established. 
Grant et al. reported that samples could be interpreted as 

positive by pathologists, potentially misleading surgeon and 
patient judgment concerning prognosis and the need for 
adjuvant therapy (36). Therefore, for patients with early 
glottic laryngeal laser surgery, a report of a positive tumor 
margin does not necessarily indicate incomplete tumor  
resection (34), while a negative result does not necessarily 
guarantee complete resection. In this study, we analyzed the 
margins of the two groups and observed positive, suspicious-
positive and negative margins according to the standard. 
We found that the margins had no direct correlation with 
LC and DFS rates. Therefore, for patients with suspicious-
positive margins, close follow-up is required after surgery. 
Due to the small sample size (n=3) of positive cases in this 
study, no statistical significance can be concluded and a 
larger sample size is needed for future research.

Pathological infiltration depth

Steiner et al. reported inconsistent prognosis between 
patients presenting with the same stage of cancer (27). 

This discrepancy is related to the size and shape of the 
tumor and the invasion depth. Regarding the infiltration 
depth of glottic laryngeal carcinoma, no previous data 
analysis has been performed, and no investigative analysis 
of survival rates is available. In this study, submucosal 
infiltration was analyzed, and the 3-year LC rate of OPL 
in the depth of pathological infiltration (3–5 mm) group 
was found to be significantly higher than that of TLM. 
Therefore, for patients with pathological invasion depth 
greater than 3 mm, the risk of residual tumor recurrence 
increases. There are several explanations for this, including 
a lack of preoperative CT or MRI evaluation by surgeons, 
poorly defined boundaries between the tissue and the 
tumor, or lack of postoperative specimen to determine the 
completeness of tumor resection. This retrospective study 
examined the infiltration depth, and complete specimens 
were obtained from 83 patients, including 62 patients in the 
OPL group and 21 patients in the TLM group. Patients 
who underwent TLM participated in follow-up. Seven 
patients with a pathological infiltration depth of 3–5 mm 
were reported, and three of them had recurrence. Among 
them, one patient with total laryngectomy had recurrence 
21 months postoperatively, one patient with partial 
laryngectomy had recurrence 23 months postoperatively, 
and all patients survived. The latter patient underwent 
total laryngectomy 12 months postoperatively and died of 
a pulmonary metastasis 48 months later. There were five 
patients with pathological infiltration depth of 5 mm or 
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more and two of them had recurrence, of which one patient 
underwent total laryngectomy 7 months after the operation 
and survived, while the other patient underwent partial 
laryngectomy 15 months after recurrence and did not attend 
follow-up. Therefore, for tumors with deeper infiltration 
depth, it is necessary to increase the frequency of follow-up 
to monitor recurrence. If recurrence or metastasis is found, 
patients should consider further surgical, radiotherapy, 
chemotherapy or combination therapy options.

Age, sex, and lymph node dissection as tumor 
differentiation factors

No significant difference was found in LC and survival rates 
between different age groups. No significant difference was 
found in LC and DFS rates regardless of whether lymph 
node dissection was or was not performed. The mechanism 
underlying these findings for most lesions remains unknown 
because T3 and T4 cases were not included in this study. 
The analysis of tumor pathological differentiation showed 
that no significant difference in DFS and LC rates existed 
among well-differentiated, moderately differentiated, and 
poorly differentiated tumors, which might relate to the 
partial absence of case data.

Health-related quality of life (HRQOL)

In addition to prolonged survival time, quality of life is 
also an important consideration for patients with head 
and neck cancer. For early glottic laryngeal carcinoma 
with AVC involvement, little research has compared 
quality of life between TLM and OPL groups. Usually 
EORTC QLQ-C30 questionnaire and the QLQ-H&N35 
questionnaire are used to evaluate quality of life for 
patients. Those questionnaires have also been translated 
into Chinese, with good reliability and validity in clinical 
practice (37,38). Regarding HRQOL after laryngeal cancer 
surgery, Luo et al. showed that typical side effects of 
postoperative laryngeal cancer included pain, dry mouth and 
speech disorder (39). Lundström et al. reported that global 
health and quality of life was associated with dry mouth, 
difficulty swallowing, and trouble with social contact (40).  
Bindewald et al. summarized the finding from 371 patients 
who underwent open surgery and who experienced 
notable side effects from postoperative radiotherapy 
complications, such as sense problems, dry mouth, sticky 
saliva, and oropharyngeal pain. Additionally, factors that 

contributed to HRQOL were related to the tumor staging 
and whether patients took postoperative radiotherapy or  
tracheostomy (41). This study was focused on early glottic 
carcinomas with AVC involvement. A total of 138 patients 
were not treated with postoperative radiotherapy. The 
patients were successfully extubated after open surgery. The 
results showed that HRQOL was significantly better for 
TLM than for OPL in the QLQ-HN35, while in the QLQ-
HN35, TLM was superior in dysphagia and sticky saliva 
compared with OPL. Both differences were statistically 
significant. Therefore, patients who have open surgery may 
experience difficulty in swallowing and lower quality of life, 
and should be closely monitored after surgery. HRQOL of 
patients who had TLM is better than that of patients who 
have OPL; however, if there is difficulty in exposing the 
laryngoscope and deep infiltration, it is still necessary to 
choose laser surgery carefully.

Research limitations

Several limitations exist in this study. Firstly, in the analysis 
of related factors, some data were not available which might 
have led to false-positive results. Thirdly, some pathologists 
did not measure the depth, resulting in incomplete data; 
further specification of sampling and observation time is 
also required due to a lack of universal standard. Finally, 
further follow-up is required to compare the long-term 
efficacy between the two groups.

Conclusions

T1 lesions are generally limited and superficial, and laser 
surgery can be well-controlled. For patients with difficult 
airway exposure, surgeons should have extensive surgical 
experience and skills. It is recommended that a variety of 
equipment should be ready so that surgeons can convert 
to open surgery at any time. For patients with a deep 
infiltration depth, surgeons should examine laryngoscopy 
imaging results before surgery.
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