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Abstract

Background: Transoral laser microsurgery (TLM) has become the preferred and standardized method for the early treatment of
many laryngeal carcinomas, due to the good treatment results, together with the scarcity of local complications.
Objectives: The aim of this study is to investigate the advantages of TLM (diode laser) in the treatment of patients with early-stage
(T1-2) glottic laryngeal cancer (GLC).
Methods: In the present study, 228 patients, who were diagnosed with early-stage GLC between 2007 and 2013 and treated with
diode TLM in our clinic, were analyzed retrospectively.
Results: During the 5-year follow-up period of the patients, it was found that 5.2% of the patients had therapeutic neck dissection
and 2.6% had a tracheostomy. The mean hospitalization period was 24 hours and their speech and swallowing functions were satis-
factory. Eight percent of the patients developed local relapse. In addition, the 5-year disease survival 100%, disease-free survival was
92%, and laryngeal preservation was 98.7%.
Conclusions: The TLM method is a minimally invasive treatment for early-stage GLCs and gives treatment results similar to radio-
therapy and open surgery methods. However, it is more advantageous than other methods in terms of reducing hospitalization
period, low complication rate, preserving speech-swallowing functions, and its re-application in cases of relapse. TLM is a safe and
reliable surgical technique with less morbidity that can be repeated in selected tumor recurrence. Anterior commissure monitor-
ing must be important in the treatment of TLM. Especially in anterior commissure, tumors with a tendency to spread in the vertical
plane should be monitored for local recurrence. Diode (gallium-arsenide) 980-nm laser has advantages over the standard CO2 laser,
and TLM treatment stands out in early-stage GLCs.
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1. Background

Of all cancers, the prevalence of laryngeal cancers (LCs)
is 2% to 5% in males and 0.4% in females. They are the
second most common cancer after skin cancer occurring
in the region of the head and neck. Besides, more than
150000 new cases of LG are diagnosed every year world-
wide (1). Of LCs, 95% are squamous cell carcinoma. In
Turkey, 60% of LCs are glottic, 40% are supraglottic, and
1% are subglottic (2). The aim of surgery for LCs is to re-
move cancerous tissue and to maintain the laryngeal func-
tions, such as speech, respiration, and swallowing as much
as possible (3).

Early-stage glottic laryngeal cancers (GLCs) include T1
and T2 stages. Glottic region T1 tumors are limited to those
in the vocal cords. If it affects one cord, it is called as T1a, if
it affects both cords, then, it is called T1b. T2 glottic tumors

are those that have spread out of the cord but are limited
in the larynx or restricted cord movements. Today, radio-
therapy (RT) and surgery are accepted as the methods of
treatment used in early-stage GLCs. The surgical method
is applied as endoscopic (accompanied with or without a
transoral laser microscope) or open surgery (3-5).

Recently, new lasers have been developed that use
different wavelengths other than the standard CO2 laser.
Diode (gallium-arsenide) 980-nm laser is the most im-
portant alternative (6). Main advantages of diode laser
over CO2 laser include the following: it provides better
hemostasis (7), it is cheaper, it is easier to transport and
implement (8), cell proliferation and fibroblast activity in-
crease and tissue healing is faster (9), using a thin fiber ca-
ble allows the surgeon to hold it like a pencil, as well as an-
gling the flexible feature, and exposing the larynx to areas
that are difficult to reach, especially in the CO2 laser. Nev-
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ertheless, there are major disadvantages derived from the
transoral laser microsurgery (TLM) intrinsically; because
of evaporation and carbonation in the tissue, histopatho-
logical evaluation is problematic (4, 10).

TLM is still a safe surgical method because of perfect
tissue-organ protection rates. In the preoperative eval-
uation of GLCs, it is important to consider respiratory,
voice and swallowing functions, therapy options in case
of tumor recurrence, and long-term quality of life (QoL)
(4). In recent years, due to the use of robotic surgery in
TLM, if needed, a detailed view of the field of enlargement
and increased visualization of the surgical field reduce
the amount of resected normal tissue and prevented over-
treatment. Because of the organ-preserving properties of
TLM, postoperative speech and swallowing functions are
satisfactorily maintained, and the duration of hospitaliza-
tion is shortened. In addition, it also enables to be able to
avoid tracheostomy, which is among the complications of
open surgery, it is high-cost and is difficult to accept for the
patient. TLM shows good oncologic and survival results, as
well as open surgery and RT. As another important advan-
tage of TLM, it presents the possibility of laser, open partial
surgery, or RT in patients with local recurrence or second
primary tumor in the head and neck region (6, 8, 11-15).

2. Objectives

Related to all these recent developments in surgery
methods and devices, the indications of TLM and the use of
diode laser have expanded and their efficacy has increased.
This leads to the question of whether the concept of early-
stage GLCs should be redefined. The aim of this study is to
reveal the oncologic results and to investigate the advan-
tages of diode laser TLM use in the treatment of patients
with early-stage GLCs. The detailed comparison with CO2

laser TLM and other conventional (open surgical-RT) treat-
ment methods are planned.

3. Methods

3.1. Data Collection and Ethical Permission

This retrospective study was approved by the Istanbul
Yeni Yuzyil University (IYYU), Non-Interventional Clinical
Research Ethics Board (24.12.2018/043). The principles of
the Declaration of Helsinki and Guidelines for Good Clin-
ical Practices were followed during the study. In this study,
retrospective results of 228 patients, who were diagnosed
with early-stage GLC (T1a, T1b, and T2,) between 2007 and
2013 and treated with TLM in our clinic (IYYU) and were fol-
lowed for 5 years, were analyzed.

3.2. The Inclusion and Exclusion Criteria

The exclusion criteria included patients with incom-
plete information and examination, accompanying other
malignancies, incomplete treatment, patient refusal to
treatment, and the lack of patient follow-up and data (at
least 3 months after tumor resection).

3.3. Working Group

The patients were staged according to the 7th edition
of the American Joint Committee on Cancer (AJCC) crite-
ria. The diagnosis of laryngeal cancer was made as a re-
sult of detailed examination and direct laryngoscopy in
the clinic of otolaryngology (Figure 1B) and punch biopsy
and histopathological examination. In addition, neck eval-
uation, palpation, USG, and CT or MRI, when needed in
some cases, were performed (Figure 1A). Postoperative, the
pathological staging was done according to the 7th edi-
tion of the AJCC TNM classification system. Pathological
results revealed that all patients had squamous cell carci-
noma. One patient had already undergone RT. Before the
TLM intervention, physical and endoscopic examinations
of the patients were performed. The patients’ oropharynx,
hypopharynx, and larynx were examined (16).

Our surgical operations were made under general
anesthesia after intubation with Bicakciar’s spiral endotra-
cheal tube. Following adequate larynx exposure with the
help of the adjustable laryngoscopes, was utilized for tu-
mor removal (Figure 1C) under microscope diode laser (Lo-
tus 980-England). The modality was continuous-wave radi-
ation delivered to a flexible optical fiber. The output power
of the laser was variable, adjusted at 6-12 W, and removal
of the tumor was performed until healthy-appearing tis-
sue was evident. The cartilaginous framework of the lar-
ynx was always left intact. Following the removal of the
tumor, a biopsy of the healthy-appearing mucosa was car-
ried out to rule out margin positivity. Tumor resection was
done by one surgeon in the “en-bloc or piece-meal” tech-
nique. Endoscopic cordectomy was classified according to
the criteria of the European Laryngological Society (ELS). In
the cases with anterior commissure invasion, sometimes
the perichondrium and partially the thyroid cartilage were
resected (or “type VI” cordectomy, according to the ELS,
was performed). Border/control biopsies were taken from
those, whose tumor sizes were large (17). No tracheostomy
was performed for any cases before the intervention. How-
ever, following the extubation, respirations of the patients
were closely examined. As no lymphadenopathy was de-
tected in the neck examination (all cases were N0), no elec-
tive neck dissection was performed. Detailed examination
and controls of the patients were carried out for 48 months
in 3 to 5 months.
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Figure 1. A, MR imaging of laryngeal anterior commissure carcinoma; B, pretreatment image of laryngeal carcinoma; C, using a diode laser; D, after 6 months of laser treatment
image of the larynx.

3.4. Analyzed Parameters

Patients’ descriptive information such as age and sex
and risk factors such as smoking and alcohol consumption
were recorded. Histopathological tumor grade, anterior
commissure involvement, performed tracheostomy, pos-
itive surgical margins, T stage, the period of hospitaliza-
tion, post-TLM complication, and laryngeal preservation
and after 5-year disease-free survival of patients’ follow-up
period were also examined.

The grade is reported in registry systems by the grade
value. A 2-grade, 3-grade, or 4-grade system may be used. If
a grading system is not specified, generally the following
system is used: GX, grade cannot be assessed; G1, well dif-
ferentiated; G2, moderately differentiated; G3, poorly dif-
ferentiated; and G4, undifferentiated (16).

Our follow-up protocol consists of a laryngoscopic ex-

amination by microscope under general anesthesia after 6
to 8 weeks in all patients, who were treated by TLM, as well
as a clinical follow-up examination with endoscopic laryn-
goscopy on a regular basis (every 4 - 6 weeks in the 1st, every
2 - 3 months in the 2nd and 3rd, and every 3 - 6 months in the
4th and 5th year, respectively). In our study, the evaluation
of voice quality was evaluated by Jacobson et al. developed
by. voice handicap index (VHI-10) of Rosen et al. (18), which
is a short 10-item version.

Quantitative variables were expressed as mean and
minimum-maximum and categorical variables as number
and percent.

4. Results

In this study, 228 patients (201 male and 27 female) were
followed for 5 years. The mean age of the patients was 61
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(42 - 68) years. Among the patients, 212 (93%) were smoking.
The tumor stages of patients were T1a (n = 129), T1b (n = 45),
and T2 (n = 54). The histological stages were grade 1 (n =
62), grade 2 (n = 163), and grade 3 (n = 3). During diagnosis,
vocal cord mobility was limited in 9 patients with the T2
stage. The extension to the anterior commissure (A-com)
was detected in 48 (21%) patients (Table 1).

Table 1. The Demographic and Clinical Findingsa

Patient Values

Sex

Male 201 (88)

Female 27 (12)

Mean age, y [min-max] 60.82 [42 - 68]

Smoking 212 (93)

Tumor stage

T1a 129 (56.5)

T1b 45 (20)

T2 54 (23.5)

Histological stage

G1 62 (27.2)

G2 163 (71.5)

G3 3 (1.3)

Limited vocal cord mobility 9 (4)

Extension to A-com 48 (21)

Abbreviations: A-com, anterior commissure; G, grade.
aValues are expressed as No. (%).

The GLC stages of the patients and the types of surgical
operations performed by TLM are shown in Table 2.

Table 2. The Distribution of Cordectomy Typesa

Cordectomy type T1a T1b T2 Values

II 31 - - 31 (13.6)

III 33 - - 33 (14.4)

IV 28 12 - 40 (17.5)

Va 34 14 - 48 (21)

Vb 3 3 4 10 (4.3)

Vc - 7 29 36 (15.8)

Vd - 5 12 17 (7.4)

VI - 4 9 13 (6)

Total 129 (56.5) 45 (20) 54 (23.5) 228 (100)

aValues are expressed as No. (%).

During the follow-up of 228 patients after TLM, granu-
lation tissue was seen in the A-com region of 42 cases, in

which the A-com invasive cartilage tissue also emerged. Six
of them were regressed, using local corticosteroid treat-
ment and in 36 (16%) patients, these granulation tissues
were removed by applying TLM for the second time in
the 3rd or 4th month (Table 3). They were examined
histopathologically. Among those during the procedure,
necrotic cartilage tissue was removed from 11 cases, on
whom we applied excessive resection until we exposed the
cartilage in the A-com (Figure 2). In 3 of the cases with
cartilage necrosis, laryngeal stenosis developed and a tra-
cheostomy was performed. Because 9 cases were + in the
biopsies during the follow-up of 12 patients with granula-
tion, this was considered recurrence and 8 patients applied
a second TLM operation and the surgical margin biopsy
was clear. However, the other patient refused to accept the
second TLM initiative; so, the patient was sent to RT. No re-
currence was observed in the subsequent follow-up of the
3 patients. In addition, RT was applied to 3 patients after
their border biopsy was detected as + TLM.

Table 3. Result of Transoral Laser Microsurgery Treatmenta

Patients Values

Granulation tissue in the A-com region 42 (18)

Local recurrence 18 (8)

Total laryngectomy 3 (1.5)

Cervical lymphadenopathy 12 (5)

Neck dissection 12 (5)

Underwent RT 4 (1.75)

Larynx prevention 225 (98.5)

Surgical margin positivity 3 (1.3)

The second TLM operation 15 (6)

Five-year survival 228 (100)

Abbreviations: RT, radiotherapy; TLM, transoral laser microsurgery.
aValues are expressed as No. (%).

In total, 18 (8%) patients were found local recurrence (3
patients in T1a, 3 patients in T1b, and 12 patients in T2). Of
them, 9 resulted from the granular tissue in the A-com re-
gion; the other 9 were the recurrences in the regions out-
side the A-com. All cancer recurrences were seen in the 1st
year. The second TLM operation was performed to 15 re-
currence cases and RT was applied to one. Total laryngec-
tomy was performed in 3 of the recurrence cases because
the lesion would not be completely removed. Local and/or
regional recurrences were not observed in the subsequent
follow-up of the 18 cases (Table 3).

Because cervical lymphadenopathy was detected in 12
(5%) cases (6 were supraglottic) during the first examina-
tion (ipsilateral lymph node measured less than 3 cm = N1),
therapeutic neck dissection was performed during TLM in-
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Figure 2. Resection necrotic cartilage

tervention (bilaterally for 6). Histopathological examina-
tion revealed squamous cell cancer metastasis in lymph
nodes. No recurrence developed in the follow-up of these
patients (Table 3).

Among our patients, 6 (2.6%) underwent a tra-
cheostomy. Because dyspnea and inspiratory stridor
were seen in 3 of the patients with T2 tumors during the
first examination, that patient underwent preoperative
tracheostomy. The other patients underwent postoper-
ative tracheostomy due to the laryngeal stenosis that
developed after the cartilage necrosis. Patients were
decannulated within 2 to 3 months.

Of the patients, 8 (3.5%) presented with the postoper-
ative bleeding complaint, and the bleeding stopped with-
out any further intervention as a result of medical treat-
ment applied (Table 4).

Because infection developed in 21 cases that extensive
resection was applied to in the postoperative period, an-
tibiotic therapy was performed. Because of the aspiration
that developed in 6 patients after TLM, the feeding tube was
applied for 7 to 10 days (Table 4).

To sum up, 18 (8%) patients were found to have recur-
rences in this study. Of these cases, 9 (4%) resulted from
granulation tissue in the A-com region. Three patients re-
ceived recovery laryngectomy. Thus, the larynx was pre-
served in 98.5% of the cases. In total, from the patients, who
underwent RT, 3 were due to surgical margin (biopsy was
+ after TLM) and the others did not accept the second TLM
intervention. In addition, because cervical lymphadenopa-

Table 4. Results of Transoral Laser Microsurgery Complicationsa

Complication Values

Thyroid cartilage necrosis 11 (5)

Laryngeal stenosis 3 (1.3)

Tracheostomy 6 (2.6)

Bleeding 8 (3.5)

Infection 21 (9.2)

Halitosis 78 (34)

Aspiration 6 (2.6)

Burning of the endotracheal tube 1 (0.4)

aValues are expressed as No. (%).

thy (ipsilateral lymph node measured less than 3 cm = N1)
was found in 12 (5%) of the cases (6 were supraglottic), ther-
apeutic neck dissection was applied (bilaterally for 6) (Ta-
ble 3).

5. Discussion

Early-stage GLCs generally have a good prognosis and,
therefore, the aims of therapy should be not only removal
of the tumor (cure) but also laryngeal protection with op-
timal voice quality, minimization of complications, and
cost reduction. The respiratory, voice and swallowing func-
tions, and long-term QoL are important in the treatment
of early-stage GLC. The early-stage GLC without A-com in-
filtration treated by TLM cordectomy shows desired on-
cologic and functional results, and effect in equal to bet-
ter results than the ones treated with radiotherapy (3, 4).
TLM (diode laser) microsurgery has an important place in
the treatment of GLCs in recent years (19). It is especially
superior to open surgeries in early GLCs and is preferen-
tial (20). The sound quality is highly maintained in the
TLM method and no tracheostomy is performed unless it
is compulsory (11, 12, 21). In addition, recent studies have
revealed that TLM has yielded good survival results in the
treatment of early-stage GLCs at least open surgery and RT
do (90% - 95%) (21-23). However, as an advantage of TLM, hos-
pitalization time for patients is short and the complication
rate is lower compared to open surgery and RT (13, 24, 25).
Short surgery and hospitalization times, low morbidity,
high organ preservation, and good functional (respiratory,
swallowing, and voice) results make TLM superior to other
treatment methods (14, 15, 26). Another study showed that
the mean hospitalization period of the patients with early-
stage GLC was 14 days after the front lateral laryngectomy
(27). In our study, however, the hospitalization period af-
ter TLM was 24 hours. This makes TLM treatment advanta-
geous in terms of low labor loss and low cost.

Int J Cancer Manag. 2020; 13(2):e97928. 5

http://intjcancermanag.com


Seyed Resuli A and Cansiz H

In a study by Pedregal-Mallo et al. (3), a 5-years survival
rate without local recurrence was 75% and larynx functions
were preserved in 85% of the patients during this period.
In a study, Hinni et al. (25) found that larynx has been pro-
tected at the rate of 92% as a result of a 5-year follow-up
in the treatment of LC to, which they applied TLM. In an-
other study, Peretti et al. (28) reported that specific to 5-
year survival rate was 100% in patients with 595 early-stage
GLC, whom they treated using TLM. Also, Mendenhall et al.
(29) found that a specific to 5-year survival rate was 95% in
the early-stage GLCs, and the overall survival rate was 80%.
In addition, local control, oncologic outcome, and survival
rates showed that TLM, RT, and open surgery were close to
each other. In our study, as a result of the TLM method that
was applied to 228 patients with early-stage GLC for 5 years,
100% survival, 92% disease-free survival, and 98.5% laryn-
geal protection were achieved.

In a study, Lucioni et al. (30) found 90% to 98% local
control and 98% laryngeal protection in early-stage GLCs
with primary laser treatment. In a study of 404 cases in
2015, Canis et al. (31) reported 86% local control, 97% la-
ryngeal protection, and 98% disease-specific-survival in T1a
GLCs. In addition, in another study performed by Canis et
al. (5), they achieved 93% laryngeal protection in T2a and
83% in T2b GLCs. In our study, after a 5-year follow-up, 98%
of T1a, 90% of T1b, 84.5% of T2a, and 66.7% of T2b GLCs local
control were observed. Also, 98% of T1 tumors, 93% of T2a,
and 83% of T2b laryngeal protection were provided in our
study (Figure 1D). At the same time, we achieved a 100% sur-
vival and 92% disease-free survival rate in our study series.

Since A-com is a site, where both vocal cords attach to
the thyroid cartilage at the front and are, therefore, an area
of perichondrium-free, it has an increased risk of tumor
spread to the thyroid cartilage (3, 32). But recently, some
authors have reported that A-com involvement is indepen-
dent of local recurrence (33). GLCs with A-com infiltration
is often associated with a poor clinical course. This might
be due to a higher rate of local recurrence compared to the
carcinomas that are solely placed on the vocal cords. In
this respect, A-com infiltration of the glottis shows distinct
anatomical features compared to vocal cords neoplasms
(7). For example, in a study by Pedregal-Mallo et al. (3), the
local recurrence rate (50%) was higher and the laryngeal
conservation rate (75%) was lower in patients with A-com
involvement. In our study, we observed a high local recur-
rence rate in cases with A-com involvement, T1 or T2, espe-
cially those who tend to enlarge above the A-com level of
the primary lesion during the first examination. For moni-
toring relapse and granulation tissue, we recommend that
microlaryngoscopic follow-up examination should be per-
formed 6 to 8 weeks after tumor resection and continued
with long-term follow-up at short intervals.

In the studies by Peretti et al. (34), the local control

rate with TLM was found to be low in lesions with A-com
involvement and vertical spread. In early-stage GLCs, es-
pecially in lesions with A-com involvement and especially
with the tendency to supraglottic extension, it is easier to
operate with the advantage of exposure to A-com lesions
in TLM procedure by taking advantage of the flexibility of
diode laser. The negative aspect of TLM is the development
of granulation tissue, especially after intervention in the
A-com region. This requires a follow-up of the area in the
postoperative period. In our study, A-com granuloma for-
mation was found in 18.4% cases in the 1st year and this rate
was consistent with the literature (11). In 4% of these cases,
histopathological examination revealed the recurrence of
A-com epidermoid cancer. After the second TLM procedure,
no recurrence was detected.

Preserving the quality of sound in early-stage GLCs is
important. TLM and RT are superior to open surgery in
terms of preservation of voice. However, complications
such as mucosal damage and xerostomia that can develop
in RT are not seen in TLM (3, 34, 35). When the respira-
tory, swallowing, and voice functions of the larynx are eval-
uated after TLM treatment, the most affected one is voice
function. The effect of voice function is related to the lo-
cation of the lesion and the quality of the TLM procedure.
Especially in type I-III resections, less dysphonia, and satis-
factory sound quality were obtained. In publications, the
voice handicap index (VHI) is between 19 and 28 over 120
(36). İn our study, when VHI was detected between 16 and
23 and scores below 15 were considered to be normal sound
quality, this result was found to be quite satisfactory. Type
IV-VI resections showed moderate dysphonia and sound
quality. In publications, VHI is between 24 and 39 (36, 37).
In our study, VHI was 27 to 41. Obviously, this score cannot
be achieved with other conventional treatments consider-
ing the size of resection performed.

Quality of life (Qol) is generally good after TLM treat-
ment in early-stage GLC, and there is no significant differ-
ence between TLM and control group. In a study by Vi-
laseca et al. (38), they demonstrated that QoL scores of
patients treated with TLM were significantly better than
those treated with RT and open surgery.

Dysphagia and aspiration after TLM depend on age, tu-
mor stage, and resection size. In the study performed by
Nasef et al. (14), a feeding tube was inserted for a maximum
of 5 days due to aspiration in 12.5% of patients after type
V resection applied to 40 patients with T2 tumors. In our
study, aspiration developed in 11% of 54 T2 tumor patients
after TLM and feeding tube was inserted for an average of 8
days.

Preoperative and postoperative complications are very
low in TLM procedures compared to other conventional
treatments. The complication rate increases proportion-
ally with tumor extension and resection width. The most
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important complication in TLM is bleeding. Perioperative
and postoperative bleeding complications of TLM are less
complicated than open surgery (39). In our study, 2% of pa-
tients developed bleeding in the postoperative period, but
it stopped by using medical treatment. The diode laser we
used provides excellent hemostasis compared to the CO2

laser. The reason is that the diode laser is highly absorbed
by hemoglobin (7).

Other rare complications of TLM are perichondritis
and chondronecrosis. These complications are usually
treated with laser ablation and/or antibiotics therapies. A
study by Ellies and Steiner (39) reported laryngeal stenosis
in 2.3% of the cases after TLM intervention. However, be-
cause of the chondronecrosis developed in our 5% cases,
necrotic cartilage tissues were removed by applying sec-
ondary TLM. A laryngeal stenosis complication developed
in 1.3% of the patients and we performed a tracheostomy
on these 3 cases.

Despite the rarity of halitosis after TLM (36), 78 (34%)
cases (21 of them with postop infection) were found in
our study. With symptomatic treatment, he disappeared
within an average week.

The most dangerous and fatal complication in TLM
operations is the burning of the endotracheal tube (40).
Serum physiological fluid lavage and wet pet application
were performed in one of our patients, who had this nega-
tive complication. In order to avoid this complication, heat
resistant and suitable for diode laser tube was used.

5.1. Limitations

Focusing only on early-stage GLCs may be a limitation
for our study. It is also considered that patients should be
followed-up with more reductions in postoperative com-
plications. Further studies were planned to extend our
study to include a larger patient series and supraglottis
and subglottis cancers.

5.2. Conclusions

TLM provides similar treatment results in early-stage
GLCs as RT and open surgical treatment methods do. Thus,
the TLM method has become the first choice in terms of
maintaining QoL, sound quality, short hospitalization pe-
riod, low complication rate, low cost, easy application, and
preserving the second treatment chance. A-com monitor-
ing must be important in the treatment of TLM. Especially
in A-com, tumors with a tendency to spread in the verti-
cal plane should be monitored for local recurrence. Diode
(gallium-arsenide) 980-nm laser has advantages over the
standard CO2 laser, and TLM treatment stands out in early-
stage GLCs. In conclusion, TLM provides an effective treat-
ment option from the point of oncologic control and func-
tion preservation in early-stage GLC with minimal compli-
cations.
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