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INTRODUCTION

Relevance and importance of theesearch topic

Laryngeal cancer is the second most common cancer of the respiratory tract and account
for approximately 3050% of all head and neck cancé4$. Approximately 75% of laryngeal
carcinomas are located in the glottic region [49, 1%h¢ prevention and treatment of laryngeal
cancer represent one of the most pressing issues in oncology.

One approach to the prevention of laryngeal cancer is the effective screening and treatmer
of precancerous conditions of the larynx. Among the benign lagyresions with the potential
for malignancy, we mention: chronic hyperplastic laryngopathies/hyperplastic laryngeal lesions
(HLL) and laryngeal papilloma (LP) in adults [23, 43, 101, 102, 123, 127, 140, 157, 188].

The preferred method for treating benigmd precancerous laryngeal lesions is currently
transoral microsurgery, including the use of C@ser angiolytic lasers, and diode lasers,
performed under general anaesthesia (GA) with muscle relaxation [9, 14, 24, 31, 132, 188, 204].

In the treatment of early glottic cancer, three basic methods are traditionally usguer§l)
partial laryngectomy (OPL), (2) radiotherapy (RT), and (3) transoral laser microsurgery (TLMS)
using CO, laser These methods have demonstrated comparable gnalimutcomes in the
treatment of early glottic cancer [1Bliteach has its limitations and disadvantages.

Flexible endoscopic laryngeal surgeBELS) may overcome some of the limitations of
traditional treatment methods, but this method is currentthé early stages of evaluation, with
the experience reflected in scientific publications being limited to case reports or small case
series [98, 118, 170, 181, 197, 205, 212]. L-tevgn outcomes of glottic cancer treatment using
FELS which are the mosimportant for assessing the efficacy of any treatment in oncology, are
not elucidated in the specialist literature.

The effective use oFELS in the treatment of benign and precancerous laryngeal lesions
allows for increased patient comfort and considerable economic benefits, given the possibility of
performing the procedure on an outpatient basis. This method offers a particular advaiiage in t
treatment of lesions with a high potential for recurrend® HLL, etc.) by avoiding repeated
interventions under general anaesthesia in an inpatient setting, thereby reducing costs ar
postoperative morbidity. The study of the possibilities for udlagible endoscopy in early
glottic cancer warrants attention, as the procedure can also be perfararesltpatientsetting
under local anaesthesia, making it a less invasive operation, which is particularly important for
patients with poor general h&aland a high risk associated with traditional surgery, for patients
with anatomical features that preclude transoral laser surgery, and for patients who have

contraindications to traditional treatment methods.



There is little information available ohé use ofFELS in the treatment of tumours and
precancerous conditions of the larynx. The indications for this approach have not been
sufficiently evaluated, and there is a lack of consensus and guidelines. We therefore consider
reasonable to continuéuslying this surgical alternative, with the primary aim being to evaluate
t he met hodds ef-feimmatames.aeseeark the mrasdn® far gtudying aspects
of laryngeal neoplasm surgery using flexible endoscopy.

Researchpurpose

To investigatethe potential of flexible endoscopy in the treatment of benign neoplasms,
precancerous lesions and eastgge malignant tumours of the larynx; to analyse factors
associated with treatment efficacy; and to establish the value of the method in impreving th
management of patients with laryngeal neoplasms.

Research objectives:

1) To study the efficacyf various types of procedures using a flexible endoscope (cold
ablation, diathermic excision, laser ablation) in the treatment of benigrepithelial
lesionsof the larynx;

2) To develop an original endoscopic classification of hyperplastic laryngeal lesions;

3) To evaluate the efficacy of flexible surgical endoscopy (cold ablation, diathermic excision,
laser ablation) and the importance of the method in the treatshégperplastic laryngeal
lesions;

4) Assessment of the efficacy of various surgical techniques (cold ablation, diathermic
excision, laser ablation) via a flexible endoscopic approach and determination of the value
of FELSin the management of patients with laryngeal papilloma/papillomatosis in adults;

5) To estimate the lonterm (5year) oncological outcomes of the flexible endoscopic
approach to early glottic cancer ¢TR) and to determine the factors influencing treatment
efficacy;

6) To assess the importance of the anaesthesia/ventilation method for the oncologica
outcomes of endoscopic treatment of glottic cancer;

7) Assessment of the efficacy of combined treatmBBLS and postoperative radiotherapy)
for T1b-T2 glottic camer;

8) To assess the potential BELS in the management of patients with verrucous carcinoma
of the larynx;

9) Assessing the efficacy dfELS in the treatment of recurrent and residual glottic cancer
following radiotherapy failure;

10)To assess the applicabilif FELS for the treatment of glottic cancer in an outpatient

setting.



Study design

The study is retrospective. To address the set objectives, the results of surgical
interventions using a flexible endoscope, performed by the author on patients with benign
laryngeal lesions, precancerous lesions of the larynx, and-stagg (T4T2) primary and
recurrent/residual malignant tumours of the glottic portion of the larynx, between 1992 and 2025,
in three institutionsthe PMSI Oncology Institute, théMSIAT i mo f e i ONRepdbli@na g a
Clinical Ho s ipertaEhdoscopieSRL, WereQisedTAe treatment outcomes of
patients in the following nosological categories were analysed (a total of 575 cases):

1. Benign norepithelial lesions of the larynx (BNEL;
2. Precancerous lesions with 2 subcategories:
2.a.Hyperplastidaryngeallesions HLL);

2.b. Laryngeal papilloma/papillomatosis (LP);

3. Malignant lesions (T-I2 glottic cancer).

Flexible endoscopic laryngeal surgery (FELS) was performed usingfolleving
equipment: flexible therapeui ¢ e nd o s c o p e s OlynpuouJazac) (modets BF b y
1T10, BFTE2, BF1T60, BF1TH1100); the suspended laryngoscopy set manufacturé@ary
Reiner o ( Aulsytmmpiuas)d, etlheect r o s ur essodea (diathemmy lbaps, e n
biopsy forceps fromfO|l y mpAMEro-Tec hoAMaodovasi veod); the N
LTN-102 (Russia) (wavelengtii 1064 nm); the diode laser, model Leonardo Dual 45
(wavelengthi 980/1470 nm), manufactured i ol i t ec o ( GeATwangdr e a
superimposedigh-frequency jet ventilatiofSHFJV) device manuf a cCarluRree dn ely O
(Austria)

Inclusion criteria:

The study included consecutive adult patients from the aforementioned nosological
categories

For the analysis of longerm oncological outcomes, patients with primary and
recurrent/residual malignant lesions {T2) with a 5year followrup period were included.

Exclusion criteria from the study:

For the analysis of lonterm oncological outaoes, patients who were under observation
for less than 5 years following endoscopic intervention, patients lost to fafjoup to 5 years
after endoscopic intervention, and patients who died from causes unrelated to the primary
disease up to 5 years afsrdoscopic intervention were excluded from the study.

The evaluation of the results of flexible endoscopic laryngeal surgery in patients with
benign norepithelial lesions and in patients with precancerous lesions (hyperpéasgtigeal

lesions and papilloma/papillomatosis) was based on the following criteria: (1) feasibility of the
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method; (2) immediate surgical outcome: eradication of the lesion; (3)-tehmrtsurgical
outcome (13 months): complete epithelialisation of the postopesatvound and absence of
residual lesion; and (4) lesion recurrence rate.

The oncological efficacy of flexible endoscopic laryngeal surgery in patients with
malignant lesions was assessed according to the following critgtitate disease control
(UDC); overall survival; overall survival rate (OS); local comt(bC); diseasdree survival
(DES); diseasspecific survival (DSS)ultimatediseasecontrol withFELS alone UDC FELYS);
cure withlarynx preservation (CB); deathdue to the primary diseag®D); local recurrence
(LRc).

The functional/vocal outcome after treatment was assessed using a grading systen
representing the patientdos subjective asse:
minor dysphonia, (3) moderate dysphonia, and (d@hg@unced/severe dysphonia.

Investigative methods

Primary data collection was carried out by extracting data from medical records (archive).
The data were recorded using Microsoft Office Excel 2007 (Redmond, WA, USA). Data analysis
was performed using thepensource programming tools RStudio (https://www.rstudio.com/)
and Python (https://www.python.org/), thereby ensuring the reproducibility of the statistical
analysis. For numerical variables, the five basic indicators were estimated: the mean with
standad deviation, the median with the interquartile range, the minimum and maximum values,
supplemented by 95% confidence intervals for the mean; these indicators form part of the
descriptive statistics, either for the cohort under examination or for thesgfouped in the
comparative evaluation of the groups examined. The comparative evaluation for numerical
variables was carried out using Rparametric tests, depending on the number of groups and the
relationships between the group¥ilcoxon-MannWhitneytest for dependent and independent
groups or the KruskalVallis test for independent groups, applying multiple comparisons and
Holm corrections where necessary). For qualitative variables, relative frequencies were
estimated, supplemented with 95% confickenintervals, as well as absolute frequencies.
Hypothesis testing for cat egor i-sgaare tedtaMoate w a
Carlo variant (10000 samples). For all the statistical tests described above, the significance
|l evel (WQ.05was set a

Novelty, scientific originality and theoretical significance of the research

For the first time, based on extensive clinical data, a comprehensive study was conductec
on the potential of flexible endoscopy in the treatment of laryngeal neoplasms.

Endoscopic techniques applied for the first time in the management of patients with

laryngeal neoplasmsere analysed



1 a method for adequate exposure of the glottis in patients with limited cervical extension,
which allows the limitations afonventional transoral surgery to be overcome;

1 the method for the eradication of benign obstructive-ewithelial laryngeal tumours
(schwannoma) affecting all parts of the larynx, which allows open surgery to be avoided,;

1 a method for the removal t¢dryngeal papilloma by combining diathermic excision and
photoablation;

T a method for the endoscopic treat ment (
which allows lesions to be removed on an outpatient basis, overcoming the limitations of
previously poposed methods;

1 a method of biopsy via diathermic excision in verrucous carcinoma of the larynx, which,
when performed on an outpatient basis, allows for the collection of an adequate tissue
specimen to obtain a conclusive histological result;

1 a method fothe eradication of glottic carcinoma by combining diathermic excision and
photoablation.

An original clinical/endoscopic classification of hyperplastic laryngeal lesions has been
developed and proposed, which will facilitate the identification of lesvwatis a high risk of
malignancy and rationalise the diagnostic and therapeutic algorithm for this category of patients.

For the first time, the efficacy &#FELS in early glottic cancer was studied based on{ong
term (5year) outcomes.

The efficacy of comimed treatment HELS followed by postoperative/adjuvant
radiotherapy) in the treatment of FIR glottic cancer was investigated.

The importance of the anaesthesia/ventilation methddBEDLS for laryngeal neoplasms
was investigated.

For the first time, thepplicability of FELS in the treatment of recurrent/residual glottic
cancer following radiotherapy failure was investigated.

For the first time, the applicability dfFELS for the treatment of glottic cancer on an
outpatient basis was investigated.

An algaithm was developed for the follewp management of patients with various

laryngeal neoplastic lesions, operated on using a flexible endoscope.

Approval of research results

The research results were validated through the publication of 55 sciqudpiers,
including: 1 monograph, 28 articles, including 15 international articles, of which 10 were
published in journals with an impact factor (Clarivate summary IF = 14.7); 6 patents; 13

presentations at international conferences with abstraat83h3
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The practical value of the work (educational, clinical, soci@conomic, etc.)

The results of the investigations highlight the importance of flexible surgical endoscopy in
the therapeutic arsenal for patients with laryngeal neoplasms.

The widespread use tiie advantages dfELS in clinical practice will contribute to the
optimisation of the treatment algorithm for laryngeal neoplasms.

Flexible surgical endoscopy allows for a more conservative treatment of patients with
benign neoplasms and precanceroumihessof the larynx compared to other existing treatment
methods, whilst also offering a considerable economic benefit.

Flexible endoscopic surgery broadens the range of curative procedures that preserve th
organ in patients with malignant glottic tumouig, most cases avoiding the need for
tracheostomy, and extends the indications for surgical treatment to those patients in whom, fo
various reasons, traditional treatment (surgical or radiological) cannot be applied.

The minimally invasive nature and sgfeof the method broaden the indications for
outpatient endolaryngeal surgery for laryngeal neoplasms.

The curative efficacy, considerable economic benefits, good functional outcomes and low
complication rate allowFELS to be recommended for use in institutions specialising in the
treatment of laryngeal neoplasms.

Application of research results

The research results have led to the implementation of flexible endoscopic laryngeal

surgery on an outpatient basis at M@angardMedoclinicinChi Hi ntu, Rep.ubl i
Keywords: flexible endoscopy; endoscopic surgery; Nd:YAG laser; diode laser; benign
laryngeal lesions; precancerous laryngeal lesions; hyperplastic laryngeal lesions; laryngea

papillomatosis; glotticancerpffice-basedaryngeal surgery.

The research project receivéite approval of the Research Ethics Committee of the
ANIi col ae T 8UMFEI0REERA N 6).
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1. CURRENT DEVELOPMENTS IN THE MINIMALLY INVASIVE
TREATMENT OF NEOPLASTIC LESIONS OF THE LARYNX

Neoplastic lesions of the larynx are divided into three major categories: (1) benign non
epithelial lesions, which include true tumours and tumiiker lesions; (2) precancerous lesions;

and (3) malignant tumours.

1.1. Benignnon-epithelial lesions of the larynx

Benign nonrepithelial lesions comprise a wide spectrum of conditions, including both true
tumours (fiboroma, neurofiboroma, schwannoma, lipoma, haemangioma, Ieiomyoma,
inflammatory myofibroblastic tumour, etc.) and tumdilke conditions (vocal nodule and polyp,
polypoid degeneration of t h especific gahulon@,oayst, s
amyloidosis, etc.).

The traditional interventional approach to the management of patients with benign
laryngeal lesions igransoral microlaryngoscopic surgery, which has been used successfully for
several decades [16, 111, 188]. The application of this method involves suspending the larynx o
a rigid laryngoscope and the mandatory use of general anaesthesia (GA) withrelagal&n,
in an inpatient setting.

The use of the laser has radically transformed endolaryngeal surgery. In 1972, Strong M.S
and Jako G.J. were the first to publish their experience of usig@p&aser in the treatment of
various neoplastic lesignof the larynx [180]. Th€O, laser remains, to date, the most widely
used type of laser in endolaryngeal surgery, offering the following advantages over cold surgery
high precision, reduced bleeding, minimal reactive phenomena in the larynx, and Iioura
functional outcomes [154].

Transoral microsurgery, being the standard method for treating benign laryngeal lesions,
has, alongside its indisputable advantages, certain disadvantages, including dental trauma caus
by the rigid laryngoscope and risksasiated with general anaesthesia.

With the development of flexible endoscopy and laser technologies, resulting in the
possibility of transmitting the laser beam through a flexible guide, minimally invasive laryngeal
surgery in an outpatient setting undiecal anaesthesia has become an attractive optidice©
basedlaryngeal surgerfyOBLS) has become a growing trend in modern laryngology over the
last two decades. Zeitels S.M. and Burns J.A. (2007) report, in a review article, that the concep
of office-basedlaryngeal surgery was established in 2001 and first discussed within the
American Laryngological Association in 2003 [207]. Currently, it is estimated that over 15% of

laryngeal operations are performed on an outpatient basis, and this numbegasimycdue to
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the many associated benefits [11]. Rosen C.A. et al. (2009), ineavraviicle, note that the term
Ao f basedurgerpal so applies to procedures perfor
provided that the key elements of the outpatient treatment concept are adhered to [161].

The advantages dDBLS include: avoiding hospitalisation; a faster diagnostic process; a
minimally invasive treatment option for patients at risk or with contraindication&Agrand
where the lesion is inaccessible via rigid laryngoscopy due to anatomical factors (limited cervical
extension, dental limitations, etc.); a more timely interventanpatients with comorbidities;
inclusion of patients ineligible for GA; the treatment of choice for conditions with a high
recurrence rate; better visualisation of all laryngeal regions; preservation of oral tissues, whict
are subject to trauma duringgid laryngoscopy; reduced recovery time; minimal morbidity;
safety, reduced health risks by avoiding general anaesthesia; lower costs; time savings, reduct
operating time, the patientds ability eéeno | ¢
return to work almost immediately after the procedure, easier planning, shorter waiting lists; the
ability to assess vocal outcome in real time; a marked patient preferer@BL&[11, 41, 88,
114, 170, 197, 198]. For some patients at high riskAf awake laryngeal surgery may be the
only available treatment option [198]. According to data published by Lahav Y. et al. (2023),
90.2% of outpatient endolaryngeal laser operations were well tolerated by patients and
completed [117]. Outpatient procedurgsder local anaesthesia are associated with significantly
lower cardiovascular morbidity compared with procedures performed under general anaesthesi
[166]. Lahav Y. et al. (2023) found no association between comorbidities such as hypertension
ischaemic ardiovascular disease, chronic obstructive pulmonary disease and the completion rate
of outpatient laser treatment [117]. The authors consider this finding to be very important, as
patients with the aforementioned comorbidities often have an increasedfrigieneral
anaesthesia and, therefore, may be considered eligible candida@BLiSr[117]. In a study
conducted by Rees C.J. et al. (2006), the authors report on 54 patients who underwent bot
OBLS and traditional surgery in the operating theatre undeneral anaesthesia for the same
condition. In this group, 87% of patients stated that they preferred PDL laser surgery on an
outpatient basis without sedation to surgery in the operating theatre under GA, and 83% o
patients reported that they fou@BLS without sedation more comfortable than surgery in the
operating theatre under GA [152]. A reduction in hospitalisation costs of up to 95% per
procedure was noted when comparing outpatient procedures performed under topical anaesthes
with similar procedws performed under general anaesthesia [167]. The bene@BL® are
particularly evident for conditions/lesions with a high recurrence rate (e.g-spemific

granulomas), which may require repeated/multiple interventions [117, 121]. For this category
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patients, avoiding repeated surgical interventions in the operating theatre is of particular
importance.

Among the various techniques and instruments usé€BibS, the use of biopsy forceps,
inserted through the working channel of the flexible endascispmentioned for the removal of
vocal nodules, polyps and ngpecific granulomas [198]. The majority of publicationsQBLS
are dedicated to the use of two angiolytic lasers: thebdged laser (PDL) with a wavelength of
585 nm and the potassiudtitanyl-phosphate (KTP) laser with a wavelength of 532 nm. In 2018,

a new angiolytic laser was launchiethe blue diode laser (blue laser) with a wavelength of 445
nm, which appears set to gradually replace the two aforementioned angiolytic lasers in the
future, demonstrating therapeutic results similar to those of the KTP laser [41, 117, 133].
Angiolytic lasers (PDL, KTP, blue laser) are strongly absorbed by the oxyhaemoglobin in the
blood and cause photocoagulation of the subletional and intralesional asicotature, with
subsequent regression/involution of the lesion. In the case of subepithelial lesions, the epitheliun
IS not vaporised, which leads to the protection of the superficial lamina propria and the
maintenance of vocal cord flexibility, assocthigith a better vocal outcome [207]. Zeitels S.M.

et al. (2006) proposed aldvel grading system for assessing the degree of lesion regression: (1)
0% to 50%, (2) 51% to 70%, (3) 71% to 99% and (4) 100% [205]. Hamdan A.L. and Ghanem A.
(2023) present theiexperience of using a blue laser (445 nm) in the treatment of various vocal
cord lesions, and report complete regression of the lesion in 50% of cases [86]. In another study
Hamdan A.L. et al. (2024) report complete regression of the lesion followieddser treatment

on an outpatient basis in 76% of cases (13/17) of vocal polyps and in 33% of cases (21/33) ¢
Reinkeds oedema [87]. Filauro M. et al . (
procedures compared to the traditional microlaryngpg approach in the treatment of vocal
polyps and Reinkebds oedema and documented ¢
of patients treated with blue laser on an outpatient basis [41]. Abi Zeid Daou C. et al. (2023), in &
review article orOBLS for vocal polyps, note that the regression rate of vocal polyps in various
studies ranges from 27.6% to 96.8% and conclude @BLS is a safe alternative to
conventional phonomicrosurgery [2]. Chadwick K.A. et al. (2024) report comparable vocal
outcomes dr outpatient photoangiolytic treatment of vocal polyps using a KTP laser compared
with traditional excision using transoral microlaryngoscopy in the operating theatre, regardless
of lesion size [22]. It is worth noting that the use of angiolytic lase@®BhS is based more on
inducing lesion regression than on its complete removal during the procedure. Due to the delaye
regression of the lesion, the final result is usually assessed &btevetks or more, and larger
polyps require repeated procedures. Ingdadesions, these n@blative techniques using

angiolytic lasers are not recommended, due to the risk of airway obstruction in the postoperative
13



period [171]. Techniques for the removal of vocal cord polyps and granulomas, combining KTP
laser and cold sgery using flexible forceps, have also been described [129, 193]. Polypectomy
with flexible forceps, preceded by the application of the KTP laser, leads to faster therapeutic
effects than the use of the laser alone [193].

Other types of lasers are lessmgnonly used in clinical practice. There is very limited
experience of using the diode laser during direct transoral microlaryngoscopy in the treatment o
beni gn | aryngeal | esi ons, wi t h t he aut hor
comparabldo those obtained through traditio@D, laser microsurgery [9, 100, 106]. In a 2017
publication, Hu H.C. et al. present a series of 40 patients with benign laryngeal lesions (including
10 patients with benign neepithelial lesions of the vocal cordsjedted with a C@laservia a
flexible guidein an outpatientsetting with the lesions undergoing photovaporisation, yielding
encouraging results [98]. The Nd:YAG laser (1064 nm), whilst very popular in interventional
bronchology, is rarely used in laryolggy. Poddubny B.K. et al. (2006) report on their
experience of using the Nd:YAG laser under local anaesthesia in 205 patients with benigr
laryngeal neoplasms, noting the feasibility and efficacy of the method [212].

1.2. Precancerous lesions of the lgnx

Reducing morbidity and mortality caused by laryngeal cancer largely depends on its
detection at an early stage and the effective management of patients with precancerous lesior
which require accurate identification, early diagnosis and appropeattenent. According to the
2022 WHO classification [200], premalignant/precancerous lesions are characterised by
epithelial dysplasia (a histopathological term), which may occur in epithelial lesions of the
larynx; these, in turn, can be divided into twaegmries: hyperplastic laryngeal lesions/chronic

hyperplastic laryngopathies and squamous papilloma/papillomatosis.

1.2.1. Hyperplastic laryngeal lesions

There is considerable confusion in the specialist scientific literature regarding the
definition of hyperplasticlaryngeallesions HLL), their classification, and the relevant clinical
and morphological terminology [17, 39, 47, 188]. There is no clear predictive relationship
between clinical and histopathological terminology in the characterisatio.lof Fhe variety
of classifications and categorisations of squamous intraepithelial lesions (SIL) reflects
divergences within the multidisciplinary team regarding the identification, classification, clinical
and histopathological diagnosis, management amgnosis of these lesions. Faced with a
variety of histopathological terms used to describe squamous epithelial abnormalities in

laryngeal biopsies, the surgeon often becomes confused. An appropriate classification an
14



unified terminology, which would ali@ for reproducible interpretations ®iLL, reflect the
biological progression d®IL, and distinguish lesions with high malignant potential from those
with low malignant potential, is desirable, as it would result in the rational management of the
diseaselt is important to identify certain endoscopic criteria that would guide the clinician in the
preoperative detection of lesions with high malignant potential. This would clearly contribute to
the selection of a rational treatment approach and the sulosegoaitoring of patients with
HLL. Therefore, if the detected lesion does not have a high potential for malignancy, patients
will not require intensive monitoring; however, if lesions with a high malignant potential are
detected, patients will require seillance and regular followp afterprimary treatment.

Clinical/endoscopic criteria

There is considerable uncertainty regarding the description, interpretation and
classification of epithelial lesions of the larynx with malignant potential. Uloza V.6)198
considers chronic hyperplastic laryngitis, keratoses and papilloma in adults to be obligatory
precancerous conditions [18&aches A.let al. (1988) include the following in the group of
epithelial lesions with a high potential for malignancy: leuk&@ (whitish patch),
leukokeratosis (whitish plaque with an irregular surface and villous projections), pacte/darm
pink, greyish or yellowish in colour, depending on the degree of keratinisation of the superficial
epithelial layer, which may be located in the posterior portions of the vocal cords or in the
interarytenoid region), and papilloma in adults, which n#y nonrkeratinised (soft) or
keratinised (hard) [210Pogosov \S. et al. (1989) state that only adult papilloma is considered
an obligatory precancer, whilst chronic hyperplastic laryngitis, as well as all benign tumours and
dyskeratoses, are considegational precancers [211]. Gallo A. et al. (2001) suggest classifying
the clinical presentation of premalignant laryngeal lesions into three types: 1) leukoplakia
(synonymous with keratosis) white area; 2) erythropksa 1 red area; 3) erythrokeratosis
mixed lesion, with foci of leukoplakia and erythrdga The termleukoplakia indicates
thickening of the epithelium, whilst the terenythroplakia indicates thinning of the epithelium
[47]. Poddubny BX. et al. (2006) consider papilloma, chronic hypasgt laryngitis, and
various types of dyskeratosis to be precancerous: pachyddtotal hypertrophy of the
keratinised epithelium), leukoplakia (flat, whitish patch with a smooth surface), leukokeratosis
(distinguished from leukoplakia by its rough swo#¢), and hyperkeratosis (appearing as a whitish
plague with an irregular surface and villous projections) [212]. Ferlito A. et al. (2012), in the
clinical terminology of epithelial proliferative lesions, mention the following: leukoplakia (any
whitish leson on the mucosa that cannot be easily removed or attributed to a specific condition
(e.g. candidiasis); erythroplakia (any red patch on the mucosal surface, characterised b

epithelial atypia and the presence of invasive carcinoma in a substantialtipropbbiopsies);
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erythroleukoplakia (mixed forms of white and red mucosal changes); pachgd@naiicating
extensive thickening of the mucosa) [39]. Chen M. et al. (2019) proposed classifying
leukoplakia, based on macroscopic appearance, into three {§pdlat and smooth, (2) elevated
and smooth, (3) irregular type (elevated lesion with a wrinkled surface). Analysing the
correlation between the endoscopic and histological appearance in a cohort of 375 patients wit
leukoplakia who underwent Gaserexcision, the authors found the absence of dysplasia in the
surgical specimen in the three macroscopic types, at 68%, 13% and 1% respectively, and th
presence of carcinoma at 0%, 5.2% and 30.6% [23]. Li C. et al. (2018) proposed a similar
classificationof the hist s of leukoplakia: (1) smooth and flat, (2) smooth and hypertrophic, and
(3) irregular lesions (irregular, granular or verrucous appearance). The authors specify that nc
patients (0%) with smooth flat lesions were found to have-brghe dysplsia; in the group of
patients with smooth hypertrophic lesions, severe dysplasia and carcinoma were detected i
28.1% of cases; and 87.8% of irregular lesions were morphologically characterised as sever
dysplasia or carcinoma [126].

Histopathological aspects

The 2022 WHO classification of squamous intraepithelial neoplasia/lesions (SIN/SIL)
[200] divides SIL into 3 categories: (1) legrade dysplasia/SIL, which has a low potential for
malignancy, with morphological changes occupying up to half thaedait thickness, the upper
part being unchanged; (2) higinade dysplasi&IN, which has a high potential for malignancy,
with morphological changes occupying more than the lower half of the epithelial thickness; (3)
carcinoma in situ (CIS), where the agtchitectural abnormalities occupy the entire thickness of
the epithelium, which has the specific appearance of conventional carcinoma, but without
invasion into the underlying stromal tissue.

Treatment of hyperplastic laryngeal lesions

At present, therés no consensus among specialists regarding the treatment of squamous
intraepithelial lesions (SIL). There is a wide variety of proposed approaches: observation
following biopsy and conservative therapy, radiotherapy (RT), vocal cord decortication, cold
phonomicrosurgical excision, laser excision, and laser ablation. The choice of treatment methoc
for hyperplastic | aryngeal | esi ons daywteds
availability of equipment. Some specialists consider thag, tduits scarring effect, vocal cord
decortication has no role in modern laryngology [107, 142]. Gale N. et al. (2016) report that RT
is never used in Slovenia for the treatmentStif with high-grade dysplasia, but is reserved
solely for the management afarcinoma [45]. Taking into account both the possible
complications and adverse effects, as well as the fact that typically only a single course of RT

can be administered to a patient, it makes little sense to squander the potential of this method ¢
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treding a premalignant lesion, rather than reserving it for the treatment of carcinoma [140]. On
the one hand, otolaryngologists are concerned that insufficient measures may contribute to th
progression ofIL to invasive carcinoma; on the other hand, exeessieasures in cases SiL

that will not progress may cause vocal cord scarring and vocal defect. However, it seems
reasonable to prioritise an oncological approach, with an awareness of the poteigial tior
become malignant, over voice quality [48Jccording to the consensus statements reached by
otolaryngologists and pathologists at a 2010 meeting dedicated to the diagnosis and treatment «
laryngeal dysplasia, the following recommendations were suggested: maximal excision of the
lesions will allow for a conclusive histological diagnosis and will constitute the primary
management of the lesion; the general appearance of the lesion is considered the most importa
factor in determining management; solitary and multiple lesions require completem®xaisi

the presence of extensive leukoplakia with confluent lesions, multiple biopsies should initially be
taken, followed by successive resections; complete excision of the visible margins is
recommended; other factors, such as comorbidities andthepattes age, may be
surgeondés decision; al |l p at Slleard teeated byetransanat o u
endoscopic surgery using cold instrumentsC@, laser [132]. Li C. et al. (2018) select the
treatment modality for leukoplakisased on the endas@@ i ¢ appear an 8mootlo f t
flatdo  a snibothAhypertrophiclesions are initially treated conservatively. Healing rates of
77.8% and 67.7% are reported, respectively. Surgical treatment is applied in cases of failure o
conservative treatmén and as i niitrirmaégudlr &rad meadi dms [Al2

Traditional tansoral microsurgery is not always possible due to contraindications for
general anaesthesia or anatomical difficulties (inadequate glottal exposure, short mandible
limited cervical mobility, ankylosis of the temporomandibular joint, e@@BLS under tojcal
anaesthesia has become a developing trend in modern laryngology, particularly due to advance
in flexible endoscopy and laser technologies based on flexible guidance. This approach is
currently being successfully used for the treatment of premalidprgnigeal lesions thanks to its
undeniable advantages: avoidance of general anaesthesia risksffexistenessand time
saving [170, 181].

Given that hyperplastic laryngeal lesions are among conditions with a high tendency to
recur and may therefonequire repeated or multiple interventions, the benefit©BLS are
particularly evident due to the possibility of avoiding repeated surgical procedures in the
operating theatre [117, 12XPBLS also appears to be preferred by patients [152]. The tramsiti
of patients with recurrent di sease to the
treatment following initial surgery in the operating theatre is noted as a trend by Karatayli

Ozgursoy S. et al. (2015) [107]. Zeitels S.M. et al. (2086alysing the results of KTP laser
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treatment via flexible endoscope in 29 patients with glottic dysplasia, report lesion regression of
751 100% in 62% of patients [205]. Koufman J.A. et al. (2007) report that 20 out of 25 patients
(80%) with laryngeal leubplakia, who underwent outpatient laryngeal surgery with a PDL laser,
did not require further treatment [114]. Hu H.C. et al. (2017) report that in 9 out of 11 patients
(82%) with leukoplakia, who were treated solely on an outpatient basis ust@ dase
equipped with a flexible guide, complete e resolution of the lesion was achieved [98].
Wellenstein D.J. et al. (2020) report the resultShf treatment with &0, laservia a flexible
guide on an outpatient basis, noting that in 10 out of 16 patients (63%) with leukoplakia and
hyperkeratosis, no residual or recurrent lesions were detected after treatment [197]. Hamdan A.
et al. (2023) report the first series of patiewith glottic leukoplakia (12 lesions/10 patients),
treated with a blue laser on an outpatient basis, noting complete regression of the lesion in 75¢
of cases (9/12) [85].

When selecting a treatment method Htitl, both oncological efficacy and presenratiof
vocal function are important. There are always taffle and priorities must be set after
determining the | esionb6s malignant potenti:
reasonable to focus on preserving vocal function, wheredssions with a high risk of
malignancy, the oncological approach appears to be the priority. The authors of severa
publications comparingCO, laser resection with laser ablation using angiolytic lasers
(particularly the KTP laser) for glottic neoplasmpad superior vocal outcomes following laser
ablation [116, 182], however, it is not yet clear which factor is responsible for the better voice
quality: the type of laser or the surgical technique [116]. There is no consensus regarding the
types of laserghat should be used for the managememildf and the advantages of one type of
laser over another. Rosen C.A. et al. (2009), in a review article comparing different types of
lasers used i®BLS (PDL laser, KTP laselCO; laser thulium laser, Nd:YAG lasgrnote that
the choice of laser is largely theoretical. Claims of the superiority of one type of laser over others
are not supported by thorough comparative studies on laryngeal tissues, particularly due to th
large number of variables, apart from wawgiih, involved in the interaction of the laser with
biological tissue [161]. Wellenstein D.J. et al. (2018), in another review article dedicated to
laryngoscopic procedures in an outpatient setting, note the absence of comparative studies on tl
efficacy d different types of lasers in the treatment of specific lesions [198]. Parker N.P. (2017),
also in a review article on vocal cord leukoplakia, concludes that different lasers are merely
different tools for achieving the same objective of lesion eradicétid2]. Yan Y. et al. (2010)
note that the efficacy of treatment with all lasers is highly dependent on the surgical technique

and the surgeonés skills [203].
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Given that leukoplakia, even without dysgia can progress to carcinoma, close
monitoring of @tients withHLL is recommended, regardless of the initial histological response
[113, 140].

1.2.2. Laryngeal papillomatosis

Laryngeal papillomatosis (LP) is a chronic viral disease with an unpredictable course,
characterised by exophytic tumelike growths on the laryngeal mucosa, which can impair
vocal function and obstruct breathing. Two types of human papillomavirus (HPN?V6 and
HPV111 are responsible for the development of the disease in over 90% of cases [43]. The
disease may go into spon&ous remission, may remain stable, requiring only periodic surgical
treatment, or may take an aggressive course, requiring surgical treatment every few days c
weeks and consideration of adjuvant therapy [31].

Laryngeal papilloma in adults is considereghreacancerous condition, with a malignant
transformation rate of i¥% [43, 102, 157]. Recurrent respiratory papillomatosis poses a
significant financial burden on both patients and society as a whole due to the multiple costly
surgical interventionsreq@rd t hr oughout patientsd |ives [

There is curretly no curative treatment forR. The disease is typically recurrent. At
present, surgical treatment is the priority ire tmanagement of patients witl?.LThe aim of
surgical interventions is to ensure adequate phonation and respiraticgmbying tumour
growths until the disease resolves spontaneously [32, 102, 120]. In approximately 20% of cases
when surgery cannot control the disease, patients eeqdjuvant therapy. The indications for
adjuvant treatment are not clearly defined; however, the surgeon usually recommends adjuvar
therapy for patients requiring more than four surgical procedures per year [31, 43, 102]. Multiple
methods of adjuvant thapy have been proposed: systemic interferon, intralesional cidofovir,
intralesional bevacizumab, HPV vaccine, etc. [31, 43, 102, 120]. The efficacy of adjuvant
treatment is limited to merely increasing the interval between surgical procedures [102].

Currertly, transoral microsurgery plays the primary role in the management of patients
with LP. Several modalities of this type of treatment are practised, described and analysed: col
surgery [188],CO, laser[199], microdebridement [143], PDL laser [114], KT&ser [205],
Nd:YAG laser [103]; diode laser [9]. Different lasers used in laryngology have different
absorption characteristics due to different target chromophores, which determine the depth o
penetration. Th&€O, lasertargets water and therefore hasmimal penetration depth and good
cutting properties. Angiolytic lasers preferentially target oxyhaemoglobin and therefore affect
small vessels and induce lesion regression. The Nd:YAG laser targets chromophores such ¢
melanin and carbon, and is only paltyy absorbed by water arakyhaemoglobinresulting in a

greater penetration depth of the laser irradiation (up to 10[8&h) Currently, the most widely
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used surgical treatment modality is transoral microsurgetyich utilizes aCO, laser. A
disadvantage of using this type of laser is linked to the detection of active viral DNA in the laser
smoke, which constitutes a potential source of infection [31]. Janda P. et al. (2004) report the us
of the Nd:YAG laser during transoral microsurgemyai continuous, nenontact mode, using a

rigid instrument with a flexible distal tip to guide theséa fibre for the treatment of LA he
authors note a reduction in the disease recurrence rate, which is believed to be attributable to tl
fact that the M:YAG laser, due to its deep coagulation properties, causes destruction of the basa
layer of the mucosa, which is infected with HPV, the virus responsible for the regeneration of
papillomatous tissue [103]. No surgical technique proposed to date cantpgteveccurrence of
tumour recurrence, due to the presence of viral particles in the visually intact laryngeal mucos:
adjacent to visible papillomatous proliferations. Experts in the fieldPafecommend avoiding
excessive radicalism during the surgigabcedure and protecting the anatomical structures
important for phonation and respiration, in particular the anterior and posterior commissures, in
order to reduce the risk of postoperative complications, such as synechiae and cicatricial glottic
stenose$31, 43, 102]. Tracheostomy should be avoided, if possible, as it has been demonstrate:
that tracheostomy promotes the growth of papillomas in the tracheostomy area and contributes t
the spread of the tumour process into the distal airways [25, 31,Tx8Akoral microsurgery via
suspended laryngoscopy, being the traditional method of treating LP, is sometimes difficult or
impossible due to anatomical peculiarities (short mandible, limited cervical mobility, ankylosis
of the temporomandibular joint, exc.

With the advancement of flexible endoscopy and flexthlelebased laser technologies,
endoscopic surgical treatment bP has become possible, avoiding general anaesthesia with
muscle relaxants, which, when used repeatedly, increases the morbalit@ixeen the recurrent
nature of the disease and the prospect of repeated/multiple surgical interventions, the benefits ¢
OBLS are particularly evident [117, 121]. Avoiding repeated surgical interventions under
general anaesthesia in the operating theatad particular value for these patients. Kuet M.L.
and Pitman M.J. (2013) note that prior to @BLS era, due to the risks associated with general
anaesthesia, patients witP typically waited until symptoms (dysphonia and dyspnoea) became
sufficiently severe, enduring significant chronic morbidity, before deciding to undergo surgery in
the operating theatre. Due to the advantage3RifS (safety, time savings, etc.), the threshold
for deciding in favour of surgery has lowered, and patients oftenrpi@fbe treated when
symptoms are mild or minimal. Follewp examination and surgery can often be carried out
during a single outpatient visit, and patients can return to their normal routine on the same day
ConsequentlyDBLS, when performed for a limitelesion, has changed the treatment paradigm,

resulting in reduced morbidity both associated V@BLS and with the disease itself [115]. Rees
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C.J. et al. (2007) estimated that the savings per case amount to more than $5,000 whe
performing PDL laser surggfor LP on an outpatient basis [153].

The flexible endoscope can be coupled with various types of lasers: pulsed dye laser (PDL
i 585 nm [170], KTP (potassium tetanyl phosphate) [a€€82 nm [181], thulium:YAG laser
2013 nm, CQ@ i 10600 nm [114]diode laseii 810, 980, 445 nm [9, 133], Nd:YAG laskr
1064 nm [77]. Zeitels S.M. and Burns J.A. (2007) mention two types of angiolytic lasers used in
OBLS: the PDL laser (585 nm) and the pulsed KTP laser (532 nm), giving priority to the KTP
laser in thetreatment of epithelial lesions [207]. The aim of surgical interventiobPins to
reduce the volume of tumour proliferations, improve vocal functeomd maintain airway
patency; the unpredictable natural course of the disease, manifested by relapsesissions,
poses a challenge for any study on the efficacyPofreatment [115]. It has been demonstrated
that treatment with photoangiolytic lasers (PDL, KTP) can lead to disease regression anc
improved voice quality [115]. Del Signore A.G. et al. (2016) note that 50% of patientt Rith
treated with photodynamicdars (PDL and KTP), required repeat treatment sessions [30]. Mao
W. et al. (2023) report their experience of using the KTP laser in an outpatient setting for the
treatment olLP, noting complete resolution of the condition in 66.7% of cases with a foiow
period ranging from 13 to 81 months [128]. More recent publications also mention the blue laser
(445 nm) [50, 84].

One disadvantage of treatment with angiolytic lasers is the lack of a clear endpoint,
resulting in suboptimal treatment that requires agp@d unplanned surgical interventions in
approximately 20% of cases [30]. Angiolytic lasers are used more to induce
regression/involution of the lesion than to achieve immediate eradication/ablation of the lesion
during the surgical procedure. Regressibrthe lesion may take several week$F4veeks or
more) [22, 171]. Due to the delayed therapeutic effect, thesealative techniques are not
suitable for the treatment of voluminous lesions, owing to the risk of airway obstruction in the
postoperative griod [171]. Lahav Y. et al. (2023) note that large papillomatous proliferations
require particular caution when consider@BLS, due to the difficulty of delivering a sufficient
amount of laser energy to the lesion [117]. Bar R. et al. (20@Htionthe limited operating
time following administration of topical laryngeal anaesthesia as a constraint for outpatient
endolaryngeal procedures [11]. Consequently, if the lesion requires a longer operative time or i
the patient is not sufficiently cooperatitbe surgeon may not have sufficient time to complete
the procedure.

There are few publications on the use of other types of lasers in the treatmidnt of
Poddubny B.K. et al. (2006) report on the use of the Nd:YAG laser in 154 patients with

precancerousekions of the larynx, includingP (27.4%), with the majority of procedures
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performed under local anaesthesia. In patients with limifgdcharacterised by a few nodular
lesions, treatment, carried out once or several times, was successful (patiemyyebodédfuse

PL, the disease recurred after multiple laser ablations, with the authors assessing the results
surgical treatment as unsatisfactory [212]. Although the Nd:YAG laser (1064 nm) is widely used
in interventional bronchology, we have not mouany publications in the EnglidAnguage

literature regarding the use of the Nd:YAG laser via a flexible endoscope in the treatment of LP.

1.3. Laryngeal cancer

Laryngeal cancer accounts for approximately3®6 of all head and neck cancers [4].
Approximately 75% of laryngeal carcinomas are located in the glottic region [49, TH&].
majority of patients (7830%) present with early glottic carcinoma [141]. There is no clear
clinical definition for early glottic cancer. Some authors include stage§ Issand T1b in this
definition [48]. Other authors also include T2 lesions [174]. Early glottic cancer is usually
defined as disease at stages Tis, T1, and T2a (with unaffected vocal cord mobility) [146, 149
174]. Although not endorsed by the latest AJ@@nerican Joint Committee on Cancer) TNM
classification (2017) [7], stage T2 is often unofficially subdivided into the subcategories T2a
(with unaffected vocal cord mobility) and T2b (with limited vocal cord mobility) [42, 90, 201].
The literaturereports poorer oncological outcomes and, consequently, poorer prognoses in
tumours that limit vocal cord mobility, compared with those that do not affect it [42, 90].

Currently, there is no consensus on the primary management of early glottic cancer. The
choice of treatment strategy varies between countries and institutions and, to a large extent
depends on the cliniciano6s ,panc the availabdity ©f, t
equipment.

The rate of occult cervical metastases for early glottic caiscbelow 10%, and in T1
glottic cancer it is below 1%, therefore, there is a consensus among specialists, as per, th:
prophylactic neck dissection is not necessary if the tumour is radiologically classified as NO [48,
89, 155, 174]. Open partial laryngeoty (OPL), radiotherapy (RT)and transorallaser
microsurgery TLMS), which utilizes aCO, laser demonstrate high and comparable cure rates
[13, 208], but all the aforementioned methods have drawbacks. When selecting the treatmer
modality, several factors are taken into account: duration of treatment, treatment costs, the
patientos g eondédiona functiomel doutepmds, preservation of future treatment
options, and the patientédés preference for R

Open partial laryngectomy results in a local control rate daf98% for T1 glottic
carcinoma and 886% for T2 lesions [149]The disadvantages of OPL include (1) major

surgical trauma, manifested by the cutting of normal anatomical structures (muscles, nerves
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vessels, cartilage), resulting in postoperative pain and oedema; (2) temporary tracheastomy (5
18 days); (3) temporarplacement of a nasogastric tube, due to impaired swallowing and
episodes of aspiration; (4) a long hospital stay 882days); (5) poor voice quality after surgery;
(6) high rate (up to 51%) of postoperative complications, many of which are severe @hrynge
stenosis, pneumonia, postoperative deaths) [13, 136, 149, 162]. For the reasons mentione
above,OPL is currently losing ground, being performed less and less frequently aslandrst
treatment for early glottic cancer, and is reserved for more aedahsease [20, 89, 189].

External beam radiotherapy a@D, laserTLMS are the main treatment methods for T1
T2 glottic cancer, and the controversy between these two methods continues. Radiotherapy |
still preferred for the treatment of early glottioncar in many institutions, demonstrating a cure
rate of 8090% for Tis T1 lesions and 50/'5% for T2 lesions [105, 156]. The local recurrence
rate following primary RT for earbgtage glottic cancer ranges from 5% to 20% for stage T1 and
from 25% to 50% forstage T2 [105, 148]. The disadvantages of RT include: (1) the long
duration of treatment (6 weeks), associated with increased medical costs (RI5.IS mes
more expensive thafLMS), and burdensome travel commitments [18, 136, 155, 164, 209]; (2)
radioresistance of some tumours (even small lesions) [156]; (3) risk (up to 17%) of sericus long
term complications (xerostomia, hypothyroidism, damage to the skin and salivary glands,
persistent glottic oedema and erythema, cervical myelitis, acceleratad Gatery stenosis,
laryngeal chondronecrosis) [19, 89, 159, 176, 183]; (4) risk of developing radiadioced
secondary malignancies, particularly in young patients [4, 89, 97, 209]; (5) reduced efficacy in
large/protruding tumours [156]; (6) reducefliaacy in cases of involvement of the anterior
commissure [156]; (7) reduced efficacy in verrucous carcinoma [156] and risk of anaplastic
transformation of this type of neoplasm [175]; (8) the inability to reuse RT in the event of a
recurrent tumour or aew primary tumour in the head and neck region, which may occur in
approximately 20% of treated patients, limiting subsequent treatment options [155]; (9) difficult
and delayed diagnosis of persistent and recurrent tumours, due to persisteadiptien
oedema [4, 19]; (10) difficult salvage endoscopic laser resection in cases of irradiated larynx
[190], resulting in an increased rate (75%) of total laryngectomy in the event of RT failure [18]
and a lower larynx preservation rate compared with primaipssopic surgery [1, 19, 52, 92,
168, 189]. Therefore, RT is far from being an ideal {iirst treatment modality for early glottic
cancer; consequently, for Tis and T1 tumours, it has been suggested (even by radiatiol
oncologists) that RT should be resast for situations where all surgical options have failed [89].

Transoral CO, laser microsurgery is considered the gold standard in the surgical
management of early glottic carcinoma, having repld2Bd as the primary treatment modality

[108, 174, 178]. The advantagesTafMS include: (1) minimal surgical trauma and preservation
23



of the integrity of the cartilaginous skeleton of the larynx [13, 135]; (2) avoidance of
tracheostomy [13, 135]; (3) short tteeent duration with minimal or no hospitalisation [13, 48,
202]; (4) easier and earlier detection of recurrent tumours than after QPLloj146, 202]; (5)
complications, with the exception of persistent dysphonia, are rare [202]; (6) lower costs (by
50% @ more) compared with RT an@PL [13, 18, 94, 136, 146, 164, 172, 209]; (7) the
possibility of repeat treatment and the availability/preservation of all salvage treatment options in
the event of tumour recurrence or a new primary tumour, resulting inea lz@ynx preservation

rate compared with RT [1, 13, 19, 48, 52, 92, 145, 155, 168, 174, 189]. In a systematic review
and metaanalysis of treatment outcomes for T1 glottic cancer, Vaculik M.F. et al. (2019) found
that patients treated withLMS are six imes more likely topreservetheir larynx than those
initially treated with RT [189].

With the advent of fibreptic laser technologies, other types of laser, in addition to the
CO; laser have been used over the last two decades in the treatment of early glottic cancer. In .
review article, Karkos P.D. et al. (2021) present the advantag@déM& using a 980 nm
wavelength diode laser, comparedTioMS using a CQ laser, noting better acse to distant,
angled and hartb-reach regions, such as the anterior commissure, thanks to the flexible fibre,
and finding similar oncological outcomes fBbMS with the diode laser (980 nm) compared to
the CQ laser [108]. In recent years, for the treatmof early glottic carcinoma, laser ablation
using a KTP laser (532 nm) has been proposed as an alternative to laser resection [116, 121, 14
178, 182, 206, 208]. This technique allows for better preservation of the structure and function of
the vocal 6lds, with oncological outcomes reported to be similar to those achievedC®jth
laserresection and better functional/vocal outcomes [178, 182, 206].

Transoral laser microsurgery also has limitations: (1) endoscopic exposure of the lesion is
not possibé in some cases due to difficult anatomy (short neck, insufficient cervical extension,
hypertrophied tongue root, protruding incisors, retrognathism, ankylosis of the
temporomandibular joint/limited mouth opening, etc.), resulting in the procedure being
interrupted or inadequate resection; (2) the possibility of dental damage, in cases of tootf
mobility or dental prosthetics in the anterior maxillary region, which is associated with
additional health problems and extra costs for the patient; (3) patietits isehaemic
cardiovascular disease cannot tolerate prolonged laryngoscopic suspension, which stimulates tt
vagus nerve and may cause cardiac arrhythmia or silent myocardial infarction; (4) risks of
general anaesthesia with muscle relaxation, associated v t he pati ent 6s ¢
149, 150, 155, 174, 187].

Following a study of treatment preference among patients with-stadge glottic cancer

who were offered a choice betweEbMS and RT, van Loon Y. et al. (2018) found that 168 out
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of 175 patients (96%) opted foFLMS, largely due to the shorter treatment duration and the
availability of more treatment options in the event of recurrence [190].

Flexible endoscopic laryngeal surgeRELS), whilst retaining the advantagestMS, is
able to address some of the disadvantages of traditional transoral laser surgery, being applicab
in difficult anatomical situations (short neck, temporomandibular joint ankylosis, insufficient
exposure of the anterior commissure, etc.), in patiahtsigh risk ofGA, and could be an
alternative for patients who pref@BLS. FELS whilst increasingly used in recent years for the
treatment of benign and precancerous laryngeal lesions, has not yet become popular for th
treatment of malignant lesion$he use ofFELS in the treatment of glottic cancer is poorly
documented in the specialist literatuRnddubny BK. et al. (2006) report their experience of
using the Nd:YAG laser in 24 patients with T1 glottic cancer, recording good results (tumour
recurence was detected in only one case of T1b tumour) [212]. Lai J.P. et al. (2001) were the
first in the EnglisHanguage literature to report the use of flexible endoscopy for the treatment of
early glottic cancer with an Nd:YAG laser, performed on an omtpiatbasis under local
anaesthesia. The authors present 27 patients withITglottic lesions, who were followed up
for 31 7 years, with a cure rate of 85.2% [118]. In a review article, Wellenstein D.J. et al. (2018)
note the absence of studies relato@BLS for early glottic cancer [198].

Minimally invasive procedures for neoplastic lesions of the larynx are therefore of clinical
interest in terms of achieving a radical cure with minimal trauma. Both the traditional approach
to managing these lesionga transoral microlaryngoscopy, using cold instrumentthetCO,
laser and treatment with angiolytic lasers, whilst having advantages, demonstrate limitations in
their applicability for certain categories of patients: transoral microsurgery is diffocult
impossible in cases of anatomical peculiarities or limitations, such as insufficient cervical
extension, a short mandible, ankylosis of the temporomandibular joint, etc., and in cases o
contraindications for general anaesthesia, whilst treatmentandgfolytic lasers is problematic
in cases of voluminous laryngeal lesions. There is insufficient information in the specialist
literature regarding the use of other types of lasers -@mgiolytic) and other surgical
approaches in the treatment of neoptatdryngeal lesions. Furthermore, there are very few
studies addressing the treatment of malignant laryngeal lesions RELg particularly in an
outpatient setting. For this reason, we set out to present and analyse our own experience in tf
treatment of neoplastic laryngeal lesions usirfgELS, employing different/nosraditional
technigues, methods and approaches that could overcome the limitations of the aforementione

methods.
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2. MATERIAL AND METHODS

2.1. Research materials and methods

Three studies were conducted as part of the project:

1. A study on the efficacy of different types of endoscopic interventions in the
treatment of benign neepithelial laryngeal lesions, as well as an analysis of the risk factors for
their recurrence. Tk is a multicentre retrospective observational study.

For Study 1, the sample size was estimated in accordance with the need to test th
hypothesis regarding the association between two dichotomous variables (the potential rist
factor for recurrence angérc ur r ence i tsel f), the appropri a
RStudi o progr amme was used, speci fical
project.org/web/packages/pwr/pwr.pdf), with the calculatpocedure and result shown in
figure A2.1.

As shown in igure A2.1, for an effect size of 0.3, a significance level of 0.05 and a power
(1-b) o f 0. 8, the minimum sampl e si z-epithelal es
lesions who underwent endoscopic surgery.

2. Research on the efficacy ftéxible surgical endoscopy in the treatment of precancerous
lesions. A multicentre retrospective observational pilot study was conducted. The research wa
designed as a pilot study. The main purpose of such a study is not to draw definitive conclusion:
or to test hypotheses with high statistical power, but to assess the feasibility of the main study, tc
identify possible methodological issues and to obtain preliminary estimates for the variables of
interest. Therefore, for this study, only patients avéalab the archives of the aforementioned
institutions were considered; the arguments for not requiring an estimate of the minimum sample
size are as follows [a, b, c, d, €]:

a. Initial exploration: A pilot study is used to obtain exploratory data withathreof better

understanding the nature of the phenomenon under study. In this case, the sample does not ne

to be representative of the general population, but only large enough to provide a preliminary

picture of the processes or factors under investigat

b. Feasibility and testing of methodology: The objective of a pilot study is to test procedures

and determine whether the main study can be successfully carried out. For example, we ca

assess the time required for data collection, logistics, patitiecruitment, and the functioning

of measurement instruments and techniques. For this purpose, a small sample is usuall

sufficient.

C. Lack of statistical validity requirements: In a pilot study, we do not focus on meeting

rigorous criteria for statigtal significance, such as 80% power. The sample size in a pilot study
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should not be calculated using statistical power formulas, as the main aim is not to prove &
hypothesis but to prepare for the main study.

d. Costs and resources: Pilot studies arendiitaited in terms of available resources. They

are designed to minimise costs and completion time, so that we can test hypotheses an
procedures with a smaller number of respondents, without requiring large samples.

e. Adjusting the sample size for the mastudy: Once the pilot study is complete, the
preliminary data can be used to accurately estimate the minimum number of respondent:
required for the main study, meaning that the purpose of the pilot study is not to provide final
results, but simply to gde the subsequent design of the research.

3. Research on the efficacy of flexible surgical endoscopy in the treatment of early
glottic cancer (T4T2), supplemented by an analysis of factors influencing treatment efficacy. A
multicentre retrospective obs@tional study was conducted. For this study, the sample size was
estimated in accordance with the need to develop a predictive model within the survival analysis
Therefore, given that the variable of interest was a dichotomous characteristic, the RStudic
software was used to estimate the minimum required number of respondents with glottic cance
in the two cohorts (the T1 <cohort and the
(powerSurvEpi packageRDocumentation), with the calculatigmocedire and result shown in
figure A2.2.

Thus, the minimum number of respondents for the group of patients with T2 glottic cancer
is 53 respondents; meanwhile, for group T1, this number was 66 pdf8nts19, 125, 186,

191].

To address the set tasks, theules of surgical interventions using a flexible endoscope,
performed by the author on patients with benign laryngeal neoplasms, precancerous lesions ¢
the larynx, and eartgtage (cTAiT2) primary and recurrent/residual malignant tumours of the
glottic pation of the larynx, between 1992 and 2025, in three institutionsPigl Oncology
Institute, thePMSI ATi mof ei OVRepdhli@ang aCl i ni c al H o Expartt a |
Endoscopie SRL. The treatment outcomes of patients in the following nosological categories
were analysed: (1) benign nepithelial lesions (n=338); (2) precancerous lesions (n=97); (3)
malignant lesions (cFI2 glottic cancer) (n=140); a total of 575 cases.

Inclusion criteria:

The study included consecutive adult patients from the aforementioned nosological
categories. For the analysis of leteym oncological outcomes, patients with primary and

recurrent/residual malignant lesions (eT2) with a 5year followup period were included.
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Exclusion criteria:

For the analysis of lonterm oncological outcomes, patients who were under observation
for less than 5 years following endoscopic intervention, patients lost to fafjoup to 5 years
after endoscopic inteention, and patients who died from causes unrelated to the primary
disease up to 5 years after endoscopic intervention were excluded from the study.

Evaluation of research results

The evaluation of the results of flexible endoscopic laryngeal surgepgatients with
benign norepithelial lesions and in patients with precancerous lesions (hyperpéasgtigeal
lesions and papilloma/papillomatosis) was based on the following criteria: (1) feasibility of the
method; (2) immediate surgical outcome: eradbcatof the lesion; (3) shoterm surgical
outcome (13 months): complete epithelialisation of the postoperative wound and absence of
residual lesion; and (4) lesion recurrence rate.

The oncological efficacy of flexible endoscopic laryngeal surgery inemiati with
malignant lesions was assessed according to the following criteria:

1 Ultimate disease control (UDC): absence of the primary tumour, regional metastases anc
distant metastases following treatment, including salvage therapy;

1 Overall survival: the length of time from the start of treatment to death from any cause;
Overall survival rate (OS): the percentage of patients who are alive after a certain period
of time (e.g. after 5 years) from the start of treatment;

1 Local control (LC): disappearance of the primary tumour and metastases in regional
lymph nodes without locoregional recurrence, the endpoint for LC being the date of the
first locoregional recurrence;

1 Diseasdree survival (DFS): the percentage of patients who are aftez a period of
time (e.g. after 5 years) without locoregional recurrence, the endpoint for DFS being the
date of the first locoregional recurrence;

91 Diseasespecific survival (DSS): the percentage of patients who have not died from
laryngeal cancer with a defined period of time (e.g. 5 years from the start of treatment);

1 Ultimate disease contraith FELS alone UDC FELYS): definitive control of the disease
following flexible endoscopic laryngeal surgery alone;

1 Cure withlarynx preservation CLP): ultimate disease controlith preservation of the
larynx;

1 Deathdue to the primarglisease (D): the percentage of patients who died due to the

progression of laryngeal cancer;
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1 Local recurrence (Ro): LRc includes recurrences of the primary tumour (detected 12
months or more after surgery) and residual/persistent primary tumours (detected up to 12
months after surgery).

The functional/vocal outcome after treatment was assessed using a grading systen
representing the patient 0 sas®llows] (& adrmalvweicea(®)s e ¢

minor dysphonia, (3) moderate dysphonia, and (4) pronounced/severe dysphonia.

Investigation methods

Primary data collection was carried out by extracting data from medical records (archives).
The data were recordeing Microsoft Office Excel 2007 (Redmond, WA, USA). Data analysis
was performed using the opsaurce programming tools RStudio (https://www.rstudio.com/)
and Python (https://www.python.org/), thereby ensuring the reproducibility of the statistical
analysis. For numerical variables, the five basic indicators were estimated: the mean with
standard deviation, the median with the interquartile range, the minimum and maximum values
supplemented by 95% confidence intervals for the mean; these indicatorgdorrof the
descriptive statistics, either for the cohort under examination or for the groups formed in the
comparative evaluation of the groups examined. The comparative evaluation for numerical
variables was carried out using Rparametric tests, depand on the number of groups and the
relationships between groups (the WilcoXdannWhitney test for dependent and independent
groups or the Kruskalvallis test for independent groups, applying multiple comparisons and
Holm corrections where necessary). r Fgualitative variables, relative frequencies were
estimated, supplemented with 95% confidence intervals, as well as absolute frequencies
Hypothesis testing for <cat egor i-sqaare tedtaMoate wa
Carlo variant (100000 amples). For all the statistical tests described above, the significance
|l evel (U) was set at O0.05.

2.2. Treatment methods

Treatment of neoplastic lesions of the larynx was performed using flexible endoscopic
surgery, employing netraditional technique and instruments for endolaryngeal surgery (biopsy
forceps, diathermy lodgnare Nd:YAG laser (1064 nm), diode laser (980/1470 nm)), some of
which were used for the first timélhe surgeon who performed the procedures, having
experience in interventionddronchology, applied certain techniques and skills from flexible
bronchoscopy to surgical procedures on the larynx.

In the treatment of patients with neoplastic lesions of the larynx, we used the following

instruments:
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- flexible therapeutic bronchoscopetiwia 2.6 3.0 mm working channel (modelsBF-
1T10, BFTE2, BR1T60, BF-1TH1100( A Ol y ndpparg(Bgure A2.3, A2.4);

- flexible biopsy forceps with @ aw opening of 4 .-beanmd 6. Chi
(figure A2.5);

- ovakshaped didnermy loop, 1015 mmi n s i z €T e(cAMnar(iguwe A2.6);

- electrosurgical unit {ure A2.7);

- Nd:YAG laser (wavelength: 1064m), model: LTN102 (Russia) (gure A2.8);

- diode laser (wavelength: 980/1470 nm, model: LEONARDQ a | 45 ( ABi
Germany) (igure A2.9);

- superimposedhigh-frequency jet ventilator, modeATwinStre a mo (ACar |
Austria) (figure A2.10).

All endoscopic instruments/accessories (flexible forceps, diathermy loop, flexible laser
guide, etc.) were delivered to the target lesion by beingtatsénrough the working channe
the flexible bronchoscopei@ure A2.11).

When procedures were performed under local anaesthesia, patientsesered in a
sitting position (igure A2.12). The therapeutic flexible bronchoscope was inserted trangnasall
following local/topical anaesthesia of the nasal cavity and pharynx with 10% lidocaine spray.
For laryngeal anaesthesia, 2% lidocainei (BDml) was instilled into the larynxia a catheter
(model: PR2 B ( A OlI, yapan)), sngerted through the workinbannel of the flexible
bronchoscope ur i ng phonati on, produboi sgma Abhsaegygn.
request), minimal/moderate intravenous sedation/analgesia was administered. In such case
pulse oximetry and appropriate cardiovascuianitoring were provided. When procedures were
performed under general anaesthesia (GA) witperimposedigh-frequency jet ventilation
(SHFJV), the therapeutic flexible bronchoscope, together with the laser guide, flexible forceps or
diathermy loop, wasserted via the suspended rigid larysgape (igure A2.13).Vocal rest was

recommended for 7 days following the surgical procedure.

2.2.1. Benign norepithelial lesions of the larynx

Flexible endoscopic surgical procedures were performed on 338 patigtht various
benign norepithelial lesions of the larynx (BNELL). The procedures were performed in non
routine cases, for patients who were not considered suitable candidates for conventiona
microlaryngoscopy, and also in some routine cases, to aksesagibility of the new technique
Patientsd preference to avoid gener al anae:
was also taken into account. Informed consent was obtained from all patients who underwen
surgery.
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The following methodsvere used to eradicate benign repithelial laryngeal lesions: cold
surgery with flexible forceps, excision with a diathermic loop, Nd:YAG/di(@&0/1470 nm)
laser ablationand combined techniques.

Small lesions (14 mm) were removed by cold surgeryings flexible biopsy forceps,
inserted through the working chaal of the flexible endoscopadtire A2.144 c).

In larger lesions with a prominent exophytic component, this was resected using a
diathermic loop inserted through the working channel of the flexible bronchoscope. Diathermic
excisionwas performed in cutting modadiiresA2.154d e, A2.164 e).

The Nd:YAG laser (1064 nm) or diode laser (980/1470 nm) was used, where necessary,
following diathermic resection, for &tion of the residual lesionidiure A2.17d e) or as the
primary instrument in flattened lesions. The flexible guide of the Nd:YAG laser/98Dth7
diode laser was inserted through the working channel of the flexible bronchoscope for ablation
of the lesion, which was performed in continuous irradiation mode with the power set in the
range of 2040 W for the Nd:YAG laser and B0 W for the diodéaser.

I n patients with advanced stages (3 or 4
grasped in the diathermic loop, which was fixed at their base, with subsequetibmessing
diathermic cutting (fure A2.184d e). This technique was first pied for the treatment of
patients with Reinkeds oedema (Patent MD 1
diathermic loop allows for a significant reduction in operative time, which is an important factor
in OBLS. Another advantage of this metlitechnique is the possibility of applyi@BLS even
to large lesions, overcoming one of the main limitations of traditionalabtative techniques
using angiolytic lasers and enhancing the safety of the procedure [58, 62].

Good cooperation with the pamt is required during the procedure. When the lesion is
resected, the patient is encouraged to cough and expectorate the resected specimen, which
subsequently collected for histological examination. In the event of the specimen being aspirate
into the tracheobronchial tree, it can be easily extracted as a foreign body. If histological
examination is important and the specimen is swallowed, it can be located and retrieved vic
upper gastrointestinal endoscopy. Awake procedures are usually well tolbyateatients ,
provided that thorough anaesthesia of the vocal cords is performed during phonation, as well a
anaesthesia of the tracheal carina. In cases where patients cannot control their reflexes, tt
solution is additional intravenous sedation, anthis does not help, general anaesthesia with
SHFJVmay be used, although this situation occurs quite rarely. If necessary, repeated treatmer
sessions are carried out at intervalsiof days.

In cases of an obstructing tumour compromising the ceaitnabys, we have opted for a

combined approach using flexible endoscopy in conjunction with rigid endoscopy. For the first
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time, we have applied and described the method of resection of an obstructing laryngea
schwannoma via a namaditional endoscopicpgroach, combining flexible and rigid endoscopy
[74]. We now present the methodg(ire A2.19d e; PatentVD 1895 Z 2026) [70]. Following
preventive tracheostomy, a suspended direct rigid laryngoscopy was performed, combined witf
flexible laryngoscopy using therapeutic flexible bronchoscope, under general anaesthesia with
SHFJV. Initially, incisions were made at the upper and lower margins (through the tracheostomy
opening) of the tumour base, using a 980/1470 nm diode laser (20W), with the flexible laser
guide inserted through the working chanmél the flexible bronchoscopeigtire A2.19b).
Subsequently, cold resectidodring oud of the tumour was performed using thevel of the

rigid bronchoscopéfigure A2.19c¢,d). Finally, laser vaporisation of themour remnants at the
base and margins of the tumour bed was perforrigur€ A2.19¢e). The patient was extubated 3

days later and discharged home on the fifth postoperative day.

2.2.2. Precancerous lesions of the larynx

Flexible surgical endoscopy wasrformed on 97 patients with precancerous lesions of the
larynx, who were divided into two subcategoribgperplasticaryngeal lesionsHLL )/chronic
hyperplastic laryngopathies and papilloma/laryngeal papillomatoB)s (

2.2.2.1 Hyperplastic laryngeal lesions

Flexible endoscopic surgical procedures were performed on 46 patients with hyperplastic
laryngeal lesions, who were grouped, according to the classification proposed by the author, int
the following subcategories: chronic hyperplastiayhgitis with keratosis, leukoplakia,
pachyderma, and verrucous neoplasia [77, 78].

The procedures were performed in wrontine cases, for patients who were not considered
suitable candidates for conventional microlaryngoscopy, and also in some roasie® to
assess the feasibility of the new techni quce
to undergo surgery on an outpatient basis was also taken into account. Informed consent we
obtained from all patients who underwent surgery.

The following methods/techniques for the endoscopic treatmertildf were used in
isolation or in various combinations: cold surgery using flexible forceps, excision with a
diathermic loop, Nd:YAG laser ablation/980/1470 nm diode laser ablation, and combined
techniques.

Cold ablation using forceps was possible in the case of small flat lesid®snfh). For
lesions larger than 3 mm, we preferred Nd:YAG laser ablation or 980/1470 nm diode laser
ablation. The laser guide, inserted through the working chanrteedfexible endoscope, was

brought close to the lesion, which was vaporised using continuousgonggict irradiation
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(figure A2.204d c, A2.214d c). In the case of lesions with a clearly evident exophytic component,
this was resected using a diathermi@are in cutting mode, a procedure that allows a tissue
specimen large enough to be obtained for a conclusive histological examination. The remaining
lesion was treated with Nd:YAG laser/980/1470 nm diode laser ablation during the same sessiol
or the follawving session, after histological examination of the tissue specimeainettby
diathermic resection iure A2.22d e). We particularly prefer this approach in the case of
verrucous neoplasia, so as not to miss carcinoma, which can easily be underdiggoosed
traditional forceps biopsy is used.

Given thatHLL, even without dyslasia can progress to carcinoma, we recommend
follow-up examinations after surgery at least once every 3 months for the first 2 years, anc
subsequently at least once a year.

2.2.2.2. Laryngeal papilloma/papillomatosis

Flexible endoscopic laryngeal surgeBELS) was used to treat 51 patients with laryngeal
papilloma/papillomatosis (LP). The procedures were performed in exceptional cases, for patient:
who were not considereditable candidates for conventional transoral microsurgery due to the
risks associated with general anaesthesia and anatomical difficulties, and also in cases whe
patients preferred to undergo surgery on an outpatient basis. Informed consent was obtaine
from all patients who underwent surgery.

The following methods/techniques for the endoscopic treatment of laryngeal
papilloma/papillomatosis were used either alone or in various combinations: cold surgery using
flexible forceps, excision with a diatherrtoop, and ablation using Nd:YAG laser/980/1470 nm
diode laser. The surgical technique was explained to each patient.

Surgery under local/topical anaesthesia was usually recommended for compliant patient:
with small lesions (up to 1.0 cm in size), follogidiagnostic flexible laryngoscopy with biopsy
of the lesion. The option of undergoing surgery under general anaesthesia was also explained
patients.

For a period of time, we did not have access to a-tigfuency jet ventilator, 80, laser,
anda surgical microscope, but we did have a flexible bronchoscope and an Nd:YAG laser, and
we therefore gained experience using these instruments. Cases requiring multiple treatmer
sessions are associated with the aforementioned period of lack of necesganergun cases
of extensive obstructive lesions, during the first treatment session, we usually performed
deobstruction by resection with a diathermy loop or vaporisation of the lesion with an Nd:YAG
laser to avoid tracheostomy, and subsequently pertbraidation of residual lesions during

repeated sessions.
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Currently, in cases of extensive lesions, we recomm®Ad (provided there are no
contraindications folGA and transoral surgery) and, as a rule, we perform lesion ablation in a
single session.

Small papillomas (14 mm) were removed using cold surgery with flexible forceps. Flat
papillomas larger than 4 mm were initially treated with an Nd:YAG laser or a 980/147 nm diode
laser. For laser ablation, the continuous-nontact mode was selected, with geve set in the
range of 2040 W (figure A2.234d c). Prominent, pedunculated, racemose and obstructive lesions
were preferably excised using a diathermy loop in cutting mode, with the Nd:YAG
laser/980/1470 nm diode laser being used as a sdic@nichstrunent for theablation of residual
lesions (igure A2.24ac, A2.25dd). This method (excision of the prominent exophytic
component of the papillomatous lesion using a diathermic loop, followed by photovaporisation
of the remaining lesion using a rangiolyic laser (Nd:YAG laser/980/1470 nm diode laser)
was used for the first time in the endoscopic treatment of laryngeal papillomatosis (Patent MD
1492 7Z 2021) [68]. Laser ablation/vaporisation, preceded by resection with a diathermic loop,
compared to the us# the laser as a single instrument, reduces the duration of the procedure and
thermal damage to adjacent tissues, and can be used in large and obstructive lesions, whi
present limitations for neablative techniques using angiolytic lasers, and enlsaheesafety of
the procedure. If necessary, multiple treatment sessions are carried out at intefvaldayfs2

Good cooperation with the patient is essential during the procedure if the intervention is
performed under local/topical anaesthesia. Theipe&e nt 6 s | ev el of compl
diagnostic flexible laryngoscopy, with a biopsy of the lesion, which is performed in a separate
session prior to the surgical intervention. Communication with the patient during the procedure
helps to increaspatient compliance. Immediately after resection of the lesion with a diathermic
loop, the patient is encouraged to cough and expectorate the resected specimen for subsequt
histological examination. In the event of accidental aspiration of the res@eteichen into the
tracheobronchial tree, it could be easily retrieved using a flexible bronchoscope; however, this
did not occur in any of our cases. If adequate vocal cord anaesthesia is performed, procedure
carried out without sedation are usually welketated by patients. In rare cases, when patients
are unable to control the gag reflex, even with additional intravenous sedation, we recomment
general anaesthesia wiBHFJV. When the surgical procedure is performed ur@ér with
SHFJV, the flexible bronchoscope, together with the necessary accessories (laser guide, forcep:
diathermy loop), is inserted through thegstisted laryngoscope. Vocal rest is recommended for
7 days following the surgical procedure.

The first followrup endgcopic examination is usually scheduled 2 months after the

procedure. Following this, subsequent examinations are scheduled 6 and 12 months after tr
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procedure, then once a year, provided there are no symptoms of disease recurrence (progressi
of dysphona or dyspnoea), or immediately upon the onset of symptoms of disease recufrence.
the patient follows the recommendations and attends the folfipendoscopic examination with

a small recurrent lesion (up to 10 mm), we usually perform tumour removat topwleal
anaesthesia on an outpatient basis. In the case of massive, obstructive recurrent lesions, v
recommend hospitalisation of the patient and endoscopic intervention under general anaesthes
with SHFJV.

2.2.3. Glottic cancer

Flexible endoscopitaryngeal surgeryHELS) was performed on 140 patients with eT2
NO MO glottic cancer between 1993 and 2025. The first endoscopic procedure for glottic
carcinoma in the Republic of Moldova was performed on 10 March 1993 [73]. At that time, the
clinic hadneither aCO; lasernor a surgical microscope, and the only treatment options available
for patients with glottic carcinoma were radiotherapy or open surgery. Having experience in
using the Nd:YAG laser via a flexible bronchoscope for the endoscopicioablaf
tracheobronchial tumours, we proposed these instruments for the ablation of glottic tumours
Patients were informed about awake endoscopic surgery as an alternative to radiotherapy ar
open surgery, whilst retaining the availability of the aforemeetd therapeutic methods in the
event of failure of the endoscopic approach. Many patients were receptive to the proposec
alternative.

The procedures were performed in exceptional cases, for patients who were not considere
suitable candidates for RT amgben laryngeal surgery (due to contraindications), and also in
cases where patients preferrBBLS. Informed consent was obtained from all patients who
underwent surgery.

Procedures under local/topical anaesthesia, with spontaneous breathing, were chosen |
cases of contraindications or major risk for general anaesthesia with muscle relaxation and/o
transoral microsurgery, predominantly due to anatomical difficulties t(stemk, insufficient
head extension, temporomandibular joint ankylosis, insufficient exposure of the anterior
commi ssur e, etc. ), the patientds wish to u
compliance, and t he heprocedara whilss awakb. iPatient cpopdration t
i's essenti al during endoscopic procedures
assessethefore FELS,during diagnostic flexible laryngoscopy with lesion biopsy, performed
using flexible forcepsCases requiring multiple treatment sessions relate to the aforementioned

period when we did not have the necessary equipment for transoral laser surgery.
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We applied Nd:YAG laser photoablation/photovaporisation for the majority of cases
treated. From 2022nwards, we began using the 980/1470 nm diode laser, which replaced the
Nd:YAG laser in our practice. The 980 nm diode laser is equally absorbed by oxyhaemoglobin
and water in the tissues, has excellent coagulation properties and allows for the vapafisatio
large volume of tissue. In our experience, with appropriate settings, the use of the 980 nm diod
laser yields a surgical result/effect similar to that of the Nd:YAG laser (1064 nm).

Infiltrative and flattened tumours, without a clgadefined exphytic component igure
A2.26a), are treated by laser ablation alone. Immediately following laser ablation of the tumour,
a wound forms, covered by a carbonised coagulation dogirg A2.26b). One week after
photoablation, the postoperative wound ivered with a dense, whitigrey fibrin-necrotic
scab figure A2.26¢). One month after the procedure, granulomatous proliferations are evident in
the photoablation area, covered with focal whitish flmmembranous overlays. Two months
after the operatiorflattened, pink granulomatous proliferations without deposits are evident in
the photodestruction arefigure A2.26d). Three months after laser ablation of the tumour, the
postoperative wound usually heals and is completely epitheliafigengA2.26€)

If there is a prominent exbgtic component of the tumouridfire A2.27a), prior to
photoablation, this is resected using a di :
channel, in diathermic cutting modgglre A2.27b). Next, the flexible gde of the Nd:YAG
laser (1064 nm)/980 nm diode laser is inserted through the working channel of the bronchoscop
for ablation of the remaining tumour, which is performed in continuouscootact irradiation
mode, with the power set within the range ofi 240 W, until the visible tumourekion is
completely vaporised ijure A2.27c). This method (excision of the prominent exophytic
component of the tumour lesion using a diathermic loop, followed by photovaporisation of the
residual lesion using a nangioltic laser (Nd:YAG laser/980/1470 nm diode laser) was used
for the first time in the endoscopic treatment of glottic cancer (Patent MD 1464 Z 2021) [67].
Laser ablation/vaporisation, preceded by resection with a diathermic loop, compared to the us
of thelaser as a single instrument, allows for a reduction in the duration of the procedure (a very
important factor, particularly foDBLS) and can be used in voluminous and obstructive lesions,
which present limitations for neablative techniques using angitit lasers.

We consider the use of the diathermic snare to be very useful for the morphological
confirmation of t he tumour 06s natur e i n C
difficult/problematic to perform with conventional forceps biopsy due &rmiassive layer of
keratin on t he tumour 6s sur face; t his | e
consequently, the tumour is often interpreted as benign, and appropriate treatment is delayed. |

such cases, we have used flexible transnasal emglgsunder local anaesthesia, with tumour
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biopsy by excision using a diathermic lodpre A2.28b, A2.29). This method allows for the
collection of tumour fragments large enougfigyre A2.30) to provide a conclusive
morphological diagnosis and feerform the biopsy on an outpatient basis, avoiding general
anaesthesia [54, 72, 77]. This biopsy method was first used in the diagnosis of verrucous
carcinoma of the larynx (Patent MD 1473 Z 2021) [66].

In cases where the tumour does not affect the antesmmissure (AC), the postoperative
defect is minimal, sometimes barely visible, with the postoperative secaickmg the intact
vocal cord (fgure A2.31ab). In such situations, the vocal defect is also minimal. In cases where
the AC and, in particularthe contralateral vocal cord are affected by the tumour, some
postoperative deformation and, possibly, gnduced stenosis of the laryngeal lumen at the
level ofthe glottis inevitably occur idure A2.32ab). Vocal function is impaired in such cases,
with patients complaining of pronounced dysphonia.

If necessary, repeat treatment sessions are carried out at intervals adya. A control
biopsy of the tumour bed was performed only in cases of suspected residual or recurrent tumour

When proceduresvere performed under general anaesthesia @®iifrJV, the flexible
bronchoscope, together with its accessories (flexible laser guide, diathermy loop, etc.), was
inserted through theuspendedigid jet laryngoscopef{gure A2.13). This method (access to the
laryngeal tumour lesion by combining flexible and rigid endoscopy) was used for the first time in
the endoscopic treatment of laryngeal tumours (Patent MD 1491 Z 2021) [69]. The proposec
method is useful in cases where direct suspension laryngoscopyndbesdlow adequate
exposure of the glottic portion of the larynx, in particular the anterior commissure, due to
insufficient extension of the neck. In these situations, the rigid laryngoscope is inserted into the
pharynx until the arytenoid cartilages agposed (when the arytadaartilages become visible)
(figure A2.33a). Next, the flexible bronchoscope is inserted through the suspended rigid
laryngoscope until adequate exposure/visibility of the glotticigrordf the larynx is achieved
(figure A2.33b) Subsequent manoeuvres are performed using instruments (diathermy loop,
flexible forceps, laser guide, etc.) inserted through the working channel of the flexible
endoscope. The major advantage of the proposed method is that it overcomes the limitations
conventional transor al surgery, i mposed by
voluminous base of the tongue, reduced cervical mobility, etc.), which lead to inadequate
exposure/visibility of the glottis.

In some cases of cTAlR2 glotic tumours, postoperative/adjuvant radiotherapy was also
administered in addition to endoscopic treatment. The reasons for offering adjuvant RT for some
cT1bT2 tumours were as follows: (1) a large infiltrative tumour extending ontd G ¢~ELS

was initidly considered a method of achieving cytoreduction to enhance the efficacy of RT); (2)
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the surgeonédés wuncertainty regarding the on
unfavourable histopathological appearance in tissue samples obtaireopga from the site of
the eradicated tumour. The dose of postoperative external beam RT ranged from 22 Gy to 60 G\

2.2.4. Postoperative management of patients with laryngeal lesions

If the vibrating edge of the mucosa is removed during surgery, the lamina propria becomes
exposed; therefore, it is advisable to minimise contact trauma to this region by maintaining vocal
rest until the mucosal covering has been restored. We recommenidt@abscal rest for one
week following the surgical procedure. After this, the patient transitions from absolute voice rest
to limited voice use under the supervision of the EMbniatrist. Voice rest under the
supervision of the ENphoniatrist is mairgtined until the postoperative defect has completely
healed/epithelialised. Given the adverse effect of gastric acid on the healing process of the
postoperative laryngeal wound, we administer proton pump inhibitors to all patients in whom we
suspect the psence of gastroesophaggharyngeal reflux. Antreflux medication is
administered to the majority of patients in the immediate postoperative period.

Following endolaryngeal laser procedures performed to eradicate massive obstructive
lesions, precancersulesions (leukoplakia, pachydaan verrucous neoplasia, papilloma) and
malignant lesions, a significant tissue defect often forms at the site of the ablated lesion, covere
by layers of necrotic/charred tissue. Therefore, in addition to voice resteaadrttinistration of
proton pump inhibitors, we recommend the systemic administration of analgesic/anti
inflammatory drugs (2 days) for pain control, corticosteroids (2 days) for the control of
postoperative local oedema, and antibiotics (5 days) for tleweption of infectious
complications. We also recommend steroid inhalations (10 days). Postoperative wound healing

and vocal rehabilitation in such cases take a longer period (usually up to 3 months).
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3. FELS OF BENIGN NON-EPITHELIAL LESIONS OF THE
LARYNX

Flexible endoscopic surgery was performed on 338 patients with various benign non
epithelial lesions of the larynx (BNELL) (mein 220 (65.1%), womeri 118 (34.9%)). The
patientsd ages rangwidt i roammda®dn tof 844 yehr 3. 2
(IQR=18.0). All procedures were performed by a single surgeon.

Laryngeal pathology was represented by the following lesions: myxoid polyp (n=67
(19.8%)), polypoid degeneration of the vocal cords (Réinke oe d e ma) (n=17 (
polyp (n=39 (11.5%)), angiofibrous polyp (n=76 (22.5%)), angiomatous polyp (n=43 (12.7%)),
nonspecific granuloma (n=28 (8.3%)), cyst (n=18 (5.3%)), lipoma (n=1 (0.3%)), neurofibroma
(n=1 (0.3%)), schwannoma (n=1 (0.3%})flammatory myofibroblastic tumour (n=1 (0.3%)),
and amyloidosis (n=1 (0.3%)Yhe dimensions of the lesions ranged from 0.2tord.5 cm
(meani 0 . 8 N O .Ir6the engjgrity of cases (96.4%), benign repithelial lesions affected the
glottic portion ofthe larynx (able A3.1).

The following methods were usd¢o remove laryngeal lesionsalie A3.2): cold surgery
using flexible forceps, excision with a diathermy loop, Nd:YAG laser ablation/980/1470 nm
diode hser, and combined techniqudfhe number of atmem sessions ranged from 1 to 4
(table A3.3). In 97.0% of cases, treatment was completed in a single session.

In 327 cases (96.7%), the procedure was performed under local anaesthesia with
spontaneous breathing, and in 11 cases (3.3%) we used genagesthasia (GA) with
superimposedthigh-frequency jet ventilationSHFJV), the flexible endoscope being inserted via
the rigid laryngoscope with a jet in suspensiétm.286 cases (84.6%), the procedure was
peformed on an outpatient bas@@urrently,we only opt forAG with SHFJVin cases where the
airways are compromised due to obstructive lesions. Below, we present such a case, in which w
employed a noitraditional endoscopic approafgto, 74].

Patient C., a 29earold man, presented to the clinkkcomplaining of progressive
hoarseness over a-}2ar period and inspiratory dyspnoea at rest. Six years ago, the patient was
examined at another hospital, where a laryngeal tumour was detected and open laryngeal surge
was proposed, but the patient reflisiee operation. A contrasnhhanced computed tomography
scan revealed a brodxased, originating from the posterior and right lateral walls of the larynx,
measuring3 . 6 1 116. @n| occupying all three portions of the larynx and obstructing
approximately 8% of the laryngeal lumen, with no signs of erosion hedf adjacent cricoid
cartilage (flgure A2.34&c).
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On flexible laryngoscopy, an exophytic tumour was detected on the posterior wall of the
larynx, with a broad base of attachment, irregular in shape hafdelastic consistency, with a
smooth, glossy surface and marked vascul ar
which significantly obstructed the lumen of the supraglottic, glottic and subglottic portions of the
larynx. The upper margin dhe tumour was estimated to be 0.3 cm above the upper margin of
the arytenoid cartilages, and the lower margin of the tumour was estimated to be 1.5 cm distal t
the vocal cords. The endoscopic appearance was suggestive of a benggitimelial laryngela
tumour (fgure A2.35a).

Endoscopic management was selected as thelifies approach for this caseidtire
A2.194 e). Following prophylactic tracheostomy, suspended direct rigid laryngoscopy was
performed, combined with flexible laryngoscopy using ardpeutic flexible bronchoscope,
under general anaesthesia WBRIFJV. Initially, incisions were made at the upper and lower
margins (through the tracheostomy opening) of the tumour base, using a 980/1470 nm (20W
diode laser, with the flexible laser guideserted through the working chanrddl the flexible
bronchoscope idure A2.19b) Subsequent | garing oub lofdthe tumeuewas i o r
performed using thbevel of therigid bronchoscopefigure A2.19c¢,d). Following cold resection,
minor bleeding \&s observed from the site of the removed tumour. Finally, photocoagulation of
the haemorrhage surface and laser vaporisation of the tumour remnants at the base and marg
of the tumour site were dermed (igure A2.19e). The patient was extubated 3 daier and
discharged home on the fifth postoperative day. Histological examination revealed a
schwannoma. Flexible laryngoscopy, performed 18 months after the operation, showed nc
tumour recurrence, a clear laryngeal lumand minor scarring of the mucoséthe posterior
laryngealwallfif gur e A2.35b). The patientodos voice a

The present case demonstrates that even large, obstructive laryngeal schwannoma
affecting all three portions of the larynx, can be successfullyaatdi by endoscopic surgery in
selected cases, by combining instruments such as the flexible bronchoscope, laser and rigi
bronchoscope, provided there is no extraluminal tumour growth. The technique described make
a significant contribution to the divétns of approaches in the management of this rare
nosological entity.

In all treated patients, the expected result was achiévedmplete eradation of the
visible lesion (lgure A2.36ac). There were no complications following the procedures
performed.

Recurrent lesions were recorded in 9/338 cases (2.7%), of whiclspeaific granuloma

6/28 (21.4%), inflammatory myofibroblastic tumoiir 1/1, myxoid polypi 1/67 (1.5%),
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angiofibraus polyp 1 1/76 (1.3%). In 8 out of 9 patients (88.9%), treatment efrdturrences
was performed VIi&ELS, with the number of repeatgredures ranging from 1 to 2afie A3.4).

The predominance of recurrences in patients with-spatific granuloma (6 out of 9
recurrent lesions observed (66.7%)) may be associated witlretherent nature of this
nosological entity. The reported rate of postoperative recurrence espeaific granuloma of
the vocal process varies in different studies between 30% and 90% [95, 158]. According to oul
data, the recurrence rate of mgpecific granuloma is 21.4%, which is comparable to data
published by other authors.

In one case, we encountered an inflammatory myofibroblastic tumour, which is an
extremely rare lesion with a high potential for postoperative recurrence. The case is of particula
interest due to its rarity.

Inflammatory myofibroblastic tumour (IMT) is a neoplasm composed of spindle cells,
which, according to the 2020 WHO classification, is included in the category of
Aibroblastic/myofibroblastic tumoués of the Antermediate/baterlingd type (intermediate
malignancies). This tumour has intermediate biological potential (it rarely metastasises) [3, 26].
The larynx is an extremely rare site foiT. Laryngeal IMI' was first described in 1992, and to
date, oty between 50 and 60 casef IMT involving the laryngeal | have been reported.
LaryngeallMT is most commonly located in the glottic region, followed by the subglottic region
and, more rarely, in the supraglottic region [109]. Despite their benign course, lariMdeal
demonstrat local aggressiveness and have an increased tendency to recur. The recurrence rate
laryngeal IMT ranges between 8% and 18%. Recurrence usually occurs withih rBonths
after surgery. Distant metastasis is extremely rare [3]. Surgical excision wahiveegnargins is
the treatment of choice for laryngd®T, which can be performed via an endoscopic or open
approach. The location of the tumour, which is challengindimzonveniend for minimally
invasive (endoscopic) surgery, leads to difficult resectresulting in an increased recurrence
rate. Radiotherapy is used primarily for the treatment of local recurrences. Open surgery is
reserved for tumour recurrences, cases with inadequate endoscopic exposure, or suspect
malignancy. In some cases invioly multiple recurrences, total laryngectomy may be
considered [3, 185].

We shall now present our case. Patient C, aged 53, presented at the clinic on 28 Marc
2016, complaining of marked dysphonia that had been progressively worsening for 7 months. Ar
emegency tracheostomy had been performed 5 days earlier at another institution. Diagnostic
fibrolaryngoscopy: A tuberous exophytic tumour, pinkvghite in colour, with a broad base of
attachment and a hard consistensyaffecting the anterior commissurihe anterior twethirds

of the right vocal cord, and the anterior @éhed of the left vocal cord, extending into the
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subcommissural space and the supracommissural region, with subtotal obstruction of the lume
of the glottic portion of the larynx. Endagmc conclusion: Tumour formation of the glottic
portion of the larynx figure A2.37a). On 04.05.2016, surgery was performed: under general
anaesthesia wit8HFJV, a combined rigid suspended laryngoscopy and flexible laryngoscopy
were carried out. Thexophytic component of the tumour was removed by excision with a
diathermy loop, followed by Nd:YAG laser photoablation (40W), with recaatiin of the
laryngeal lumen (gure A2.37b). Histological findings: Inflammatory myofibroblastic tumour.
The patit was extubated and discharged home in satisfactory condition, with a
recommendation to attend a follayp appointment in 1 month. The patient presented at the
clinic 9 months after surgery, complaining of inspiratory dyspnoea on minimal exertion and
marked dysphonia. Fibrolaryngoscopy: Exophytic tumour with a broae lwd attachment,
measur i nd.0 @, with 2 srobth, red surfads,affecting the anterior commissure,
extending to both vocal cords, the subglottic (subcommissural) space and tleylafeal
ventricle, with 70% stenosis of the laryngeal lumen. Endoscopic conclusion: Recurrent
inflammatory myofibroblastic tumour of the larynx. The patient refused repeat surgery at our
clinic. Subsequently, the patient remained under our observatiotind next 8 years, during
which he underwent repeatedterventionsfor recurrent neoplasms via transo@D, laser
microsurgery on 13 occasions, at various clinics in the country and abroad, after which he
disappeared from our records.

It should be note that in 4 out of 338 patients with benign repithelial lesions (1.2%),
who underwenfELS, malignancies (squamous cell carcinoma) subsequently developed during
the observation period. In 3 cases, the malignant lesion was successfully eradicR&dSby
(Nd:YAG laser ablation), and in one case (T2 squamous cell carcinoma), opea parti
laryngectomy was performedafile A3.5).

The functional effects of endoscopic tr
subjective evaluation of their voice. Thejority of patients (92.0%) rated theipice as normal
after surgery @ble A3.6).

Minor dysphonia was observed postoperatively in 12 patients. In 8/12 patients in this
group, lesion sizes ranged from 1.0 cm to 2.5 cm. Of the 4 out of 12 patients widr &sens
(0.610.8 cm), in 3 patients the lesions were associated with chronic hyperplastic laryngitis, and
in 1 patient the lesion was associated with vocal coresgzar

Moderate dysphonia was recorded postoperatively in 10 patients. In all patiehis i
group, lesion sizes ranged from 1.0 cm to 2.0 cm, and in 6 out of 10 cases the lesions develope

against a background of chronic hyperplastic laryngitis.
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Severe dysphonia was observed postoperatively in 5 patients: (1) a patient with a recurren
inflammatory myofibroblastic tumour affecting the anterior commissure and both vocal cords,
who had undergone multiple laryngeal operations; (2) a patient with a granulomatous polyp in
the anterior commissure region, who had previously undergone open lgaytiglectomy; (3) a
patient with a myxoid polyp of the left vocal cord (measuring up to 2.0 cm) against a background
of paralysis of both vocal cords; (4 and 5) patients with grade 4 polypoid degeneration of both
vocal <cords ( Rei n kithaghsonidhyperplassceajyngiti;as soci at ed

According to our data, the likelihood of vocal defect/dysphonia after surgery increases in
patients with (1) large lesions (over 1.0 cm), (2) lesions associated with chronic hyperplastic
laryngitis, (3) lesions against background of vocal cord paresis/paralysis, and (4) lesions in
patients with a history of laryngeal surgery (open partial laryngectomy).

The followup period after successful endoscopic treatment of benigrepitrelial
lesions ranged from 1 month ®8 9 mont hs (mean 10.8N27. 0,
(IQR=3.8) (able A3.7).

In the comparative analysis of the 338 patients included in the study, of whom 286 were
treated on an outpatient basis and 52 on an inpatient basis, several statisticalipiealty
significant differences were ebrved between the two groupahle A3.7).

The mean age in the overall cohort was 44.9 years (standard deviation (SD) = 12.2). In the
outpatient group, the mean was 44.0 years (SD = 11.4), with a 95% confideealifCI)
between 43 and 45 years, whilst in the inpatient group the mean was significantly higher: 49.7
years (SD = 14.8), with a 95% confidence interval between 46 and 54 years. The Wilcoxon rank
sum test indicated a significant difference betweentw groups (test value = 5.517, p =
0.003), suggesting that-patient patients are, on average, older, possibly with more severe or
compl ex comorbidities. It cannot be ruled o
influenced by this phenoemon.

The gender distribution was comparable between the groups. In the outpatient group.
65.7% of patients were men (confidence interval 60%6), and in the inpatient groiips1.5%
(confidence interval 48%@5%). The proportion of women was 34.3% in thepatient setting
(Cl 29% 40%) and 38.5% in the inpatient setting (Cl 25%£6). The chisquare test did not
reveal any significant differences (test value = 0.34, p = 0.6), indicating that gender was not
associated with the treatment regimen administered.

The nosological structure varied significantly between the two grdupss({ valuevonte
cari= 43, p < 0.001). Angiofibrous and myxoid polyps were more common in the outpatient
group (24.5% and 21.3%, with confidence intervals of 129%6 and 17%?26%), whilst non

specific granuloma (17.3%, Cl 1% 8 %) and Reinkeds dpPbSSelmd e (
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higher prevalences in the inpatient group. These differences suggest a greater complexity ¢
pathology in patients treated in hospital compared with those treataa outpatient basis.

The location of the lesions was also significantly different. Glottic lesions were
predominant in the outpatient group (98.6%, 9199% confidence interval), whilst in the
inpatient group their proportion was 84.6% (93%0% CI), ad supraglottic, subglottic and
combined localisations were present in higher proportions among inpatients. The differences
were significant c(ltest valuemonte cari= 32, p < 0.001), confirming the greater anatomical
complexity of the cases treatadinpatients.

The mean size of the lesions was 0.8 cm (SD = 0.5) in the outpatient setting (confidence
interval 0.710.83) and 1.2 cm (SD = 0.9) in the inpatient setting (confidence intervall0492
The difference was statistically significant (Wilcoxon kasum test value = 5.379, p = 0.001),
supporting the idea that inpatients present with larger lesions, which may be more difficult to
treat using minimally invasive procedures.

The average number of therapy sessions was 1.0 (SD = 0.2) in the outpatirgt set
(confidence interval 1i@..0) and 1.2 (SD = 0.5) in the inpatient setting (confidence intervial 1.0
1.3). The difference is significant (Wilcoxon rasim test value = 6.683, p < 0.001) and reflects
the need for a mukstage treatment in inpatientshd question remains as to whether this
difference is relevant in practical terms.

Analysis of the endoscopic treatment applied revealed significant differences between
groups { ttest valueyonte cai= 39, p < 0.001). DEX and C®ere more frequently used in the
outpatient setting (40.9% and 32.5%, confidence intervalg 83% and 27%38%), whilstLA
(19.2%) and combination treatments, such as DEX+€26.9%) and G+LA (17.3%), were
more common in the inpatient group, with wide fidence intervals (8.5¥30%, 15% 39%,
and 7% 28%). These differences reflect the need for more complex therapeutic approaches ir
cases treated on an inpatient basis.

Local anaesthesia was used in almost all outpatient cases (99.7%, confidence interva
99%i 100%) and in only 80.8% of inpatient cases (confidence intervali 90%). General
anaesthesia wittSHFJV was required in 19.2% of inpatient cases (Cl 8.85080). The
differences are significanf ttest valueyonte cari= 50, p < 0.001), reflecting the likemore
invasive or complex nature of procedures in hospitalised patients.

The recurrence rate was low in both groups (2.8% in the outpatient group and 1.9% in the
inpatient group), and the difference was not significirteét valuevonte caie 0.13, p> 0.9).

This suggests that treatment efficacy is comparable between the two treatment regimens

provided that the intervention is appropriately tailored to each case.
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Malignancy was a rare event, with four cases (1.2%) in the outpatient group and none in
the inpatient group. The differences were not significant (test value = 0.74, p = 0.6), indicating a
likely low risk that is independent of the treatment regimen.

Severe dysphonia was present in 7.7% of inpatients (confidence intervali Q3Pa%p
comparedwvith only 0.3% in the outpatient groullild and moderate dysphonia were also more
common in the inpatient group. The differences are strikiftegt valueyonte caic= 35, p <
0.001) and reflect the more severe functional impact of the conditioospitalised patients, the
reason being the need for more complex interventions with more problematic functional
outcomes.

Consequently,the analysed data highlighted the existence of significant differences
between patients treated on an outpatient basds those treated as inpatients, both from a
clinical perspective (age, size and location of lesions, severity of symptoms) and a therapeuti
perspective (number of sessions, type of anaesthesia and type of treatment applied). Thes
differences justify theproposal for a differentiated therapeutic approach, depending on the
patientos profil e, wi t h an emphasi s on T
identified variables, such as age, the size of the lesions, the severity of postoperativeiaysphon
the complexity of the pathology and the need for repeated interventions, we can rationally
recommend outpatient or inpatient treatment for the patient. This approach supports the concej
of personalised medicine, with efficient allocation of resouacessuperior clinical outcomes.

We support the view of Wellenstein D.J. et al. (2020) [197] and consider that the aim of
endoscopic treatment should be the complete removal/eradication of the visible lesion. We use
flexible biopsy forceps in 143/338 cagd2.3%), the diathermy lodpin 170 cases (50.3%), and
the nonangiolytic laser (Nd:YAG (1064 nm)/diode (980/1470 nrm))n 103 cases (30.5%)
(table A3.2).

In our experience, the use of the diathermic loop leads to a significant reduction in
operating time, which is very important for increasing the completion rate in outpatient surgery.
Another advantage of this technique is the possibility of perfornoifige-basedlaryngeal
surgery OBLS) for vol uminous | esions (e.g. advart
etc.), which constitute the major limitation for nahlative therapeutic techniques using
angiolytic lasers, and increased procedwafety (fgures A2.18ae, A2.38ac, A2.39ie,
A2.404 c).

The Nd:YAG laser has been used successfully in interventional bronchoscopy for many
year s, but it i's not wi dely accepted in |
regarding the deeper penetratafthis type of laser compared to other lasers, and the associated

thermal damage to surrounding tissues [161]. We have applied laser vaporisation of benign nor
45



epithelial lesions in 30.5% of cases, and as the primary techihiguenly 9.2% of cases. @u
current approach involves using the laser as the primary instrument only for the tredtment o
extensive flattened lesionsdfire A2.41a,b). Whenever possible, we prefer to use the laser in
combination with other techniques (following cold surgery udimgeps or diathermy loop
excision), as a secondary/secdme tool, for the vaporigeon of residual lesions onlyi@fure
A2.17d e). This approach prevents the delivery of a significant amount of laser energy to the
treated tissue and, consequently, mduthe risk of collateral thermal damage to adjacent
tissues.

We consider the results obtained in this study to be encouraging and comparable to the
possibilities of traditional transoral surgery, and we share the opinion of Wellenstein D.J. et al.
(2018)[198] that outpatient laryngeal surgery is the future for rapid diagnosis and treatment,
with minimal health risks for the patient.

Although the incidence of carcinoma following endoscopic intervention for benignh non
epithelial lesions is low (according bur data, 1.2%), we consider endoscopic monitoring of
patients to be advisable, at least once a year for at least the first 5 years following surgery.

The limitations of this study include (1) the retrospective nature of the study, (2) the
absence of control group, (3) significant variability in the observation period, (4) the lack of
objective acoustic assessment and standardised subjective assessment (e.g. VHI score) of t
voice, which would merit evaluation in future prospective studies.

Therefoe, flexible endoscopic laryngeal surgery, using-noagulating lasers (Nd:YAG
(1064 nm), diode (980/1470 nm)), a diathermy loop and flexible biopsy forceps, can be
considered an alternative to transoral microsurgery in the treatment of benigpiticaial
lesions of the larynx in selected patients, opening up a new direction in outpatient laryngeal
surgery. The proposed techniques/methods allow the limitations of currently used surgical
methods (transoral microsurgery af@BLS using angiolytic lasers) tde overcome and
demonstrate applicability ifOBLS even in the case of voluminous lesions, particularly in
patients with risks and contraindications for general anaesthesia and suspended direc
laryngoscopy. Although flexible endoscopic surgery, perforongder local anaesthesia, is less
precise than transoral microlaryngoscopy, the method is nevertheless attractive due to th
reduced risks of the procedure for patients, particularly those with comorbidities, as well as
lower costs and time savings, allogimpatients to maintain a comfortable lifestyle. Flexible
endoscopic surgery is worth considering, p

opt to avoid general anaesthesia and prefer outpatient laryngeal surgery.
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4. FELS OF PRECANCEROUS LESIONS OF THE LARYNX

Flexible surgical endoscopy was performed on 97 patients with precancerous laryngeal
lesions, which were divided into two subcategortegerplasticlaryngeallesions (H.L) and

laryngeal papilloma/papillomatosis (L.P

4.1. Classification of hyperplastidaryngeal lesions

Following analysis of the endoscopic appearancélldf, we have developed our own
endoscopic/clinical classification 6fLL, which we consider relevant, use and propose [77, 78]:

1. Chronichyperplastic laryngitis (CHL): the vocal cords are thickened, their mucosa is
hypertrophied, the surface forming a slightly irregular or pleated relief, and the visibility of the
laryngeal ventricles is reduced. Mucosal hypertrophy may also affect thydatyventricles
(manifesting as focal prolapse of the laryngeal ventricle mucosa into the lumen), the
interarytenoid space and the vestibular bands. In cases of pronounced hypertrophy of the voc:
cords and vestibular bands, the laryngeal lumen may bws&d, causing dyspnoea. It is
important to note the diffuse and symmetrical nature of the epithelial changes, which uniformly
affect both laryngeal halvesdtire A2.42);

2. Chronic hyperplastic laryngitis with keratosis (CHLK): on the hypertrophied raucos
there are focal, sentiansparent, whitish overlays with a flaky apmence and indistinct borders
(figure A2.43);

3. Leukoplakia: a flat lesion with a membranous overlay appearance, whitish in colour; its
surface may be smooth or irregular, with wedfined or blurred borders. The lesion may be
solitary or multifocal (presented as seVegparate or confluent foci)igiire A2.44);

4. Pachyderima: an elevated/raised, plaglike lesion, whitish in colour, welllefined,
with a surface that is smooth,ugh, wrinkled or irregr, and of a hard consistencyg(fre
A2.45);

5. Verrucous neoplasia: a lesion with the appearance of an exophytic tumour on a broac
base. Its surface is tuberous, with villiform projections, hard in consistency and whitish in
colou. The endoscopic appearance often evokesans oci ati on wiigure sh
A2.46).

To briefly summarise the above classificationHifL, we shall highlight the following
main features: CH i only diffuse symmetrical hypertrophyigure A2.42); CHLK i focal

whitish, flaky overlays (fure A2.43); leukoplakid a welldefined, flat, whitish lesion idure
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A2.44); pazhydermiai an devated/raised whitish lesionigfire A2.45); verrucous neoplasia
an exophytic whitish lesiowith a verrucous appea@n(igure A2.46).

Some authors consider the tefreratosis to be purely histological [113]. We agree with
the experts who use this term in clinical interpretations. Our findings reveal that, when a
clinician observes a whitish lesion (flat or raised)the laryngeal mucosa and takes a biopsy, it
is unlikely that the histological examination will not reveal keratosis. The discrepancies that arise
in clinical classifications can be explained by the fact that the same lesion may be perceived
interpretel, described and named differently by observers.

Analysing the data in the literature, leukoplakia, according to our classification,
corresponds to type Tlgt and smooth leukoplakiaaccording to Chen M. et al. (2019) [23];
pachydermia, according to owlassification, corresponds to types 2 an@ldJated and smooth
leukoplakia and irregular-type leukoplakip according to Chen M. et al. (2019) [23]; and
verrucous neoplasian our classification, corresponds keratinised papillomadescribed by
Pachs A.l. et al. (1988) [210] and Uloza V.(1986) [188] and, in partrregular leukoplakia
described by Li C. et al. (2018) [126].

We consider that behind the ternfyperkeratosid, Airregular-type leukoplaki,
Aceratinised papillomé, Ahard papilloma or Awhite papilloma, often there is, in fact,
verrucous carcinoma, which is difficult to diagnose due to the thick layer of keratin on the
surface of the lesion and the high degree of differentiation of the tumour cells. Consequently,
conventional forcepbiopsy is usually unreliable, leading to an inconclusive histological result
[130]. The rationale for this assumption is based on the fact that papilloma in adults is consideret
by some authors to be a mandatory precancerous condition [188, 211], ai¢ghad malignant
transformation of up to 25% [188] and even up to 50% [210], whilst more recent data indicate
that the rate of malignant transformation of papillomaiig% [43, 102, 157]. herefore, we
consi der vetrunoas neoplasamird appropriate for this type of lesion. The benign or
malignant nature of this type of lesion can only be established histologically, following a
thorough examination of the entire lesion or a sufficiently large fragment of the lesion, so that
the pathtogist examines not only the epithelial layer but also, without fail, the stromal
component of the lesion.

Having performed over 1000 endoscdp examinations of the larynx, wieave never
considered it acceptable to classify any laryngeal lesion Aasythroplakiad or
Perythroleukoplakia [77]. Upon analysing the interpretation of these lesions in the relevant
literature, we found some confusion: some authors integpyétroplaka as a sign of epithelial
thinning [47], whilst others present it as a pladjke hyperplastic lesion [39]. Taking into

account the mention of a substantial rate of carcinoma in biopsy specimens obtained from thes
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lesions [39], we have most likely described these reddish mucosal ardagpasemia and
defined such lesions in bendoscopic reports @sarcinoma.

Gale N. et al. (2000) note that precancerous lesions do not have a characteristic
macroscopic appearance, and no laryngoscopic finding can be considered suggestive of
diagnosis of precancerous lesions [46]. Furtheembased on data published by Chen M. et al.
(2019) and Li C. et al. (2018) [23, 126], the presence of dysplasia and carcinoma in a white
lesion increases as it becomes more elevated and its surface becomes more irregular. Li C. et
(2018) found a stran correlation between the macroscopic appearance of the lesion and its
degree of dysplasia [126]. A close correlation between the presence of vocal cord hyperaemi
and highrisk leukoplakia was found by Fang T.J. et al. (2016) and Li L.J. et al. (2021073
The authors consider that hyperaemia/redness of the mucosa predicts the malignant potential
vocal cord leukoplakia.

Based on the aforementioned data, we consider that biopsy, taken during flexible
laryngoscopy using wide/jumbo forceps, is anrappgate approach in cases of leukoplakia (flat
lesion), but in cases of pachydear(elevated lesion) or verrucous neoplasia (lesion with an
exophytic tumouwtike appearance), total or subtotal excisional biopsy of the lesion using a
diathermy loop is prferable, as this allows for a conclusive histological result [77].

We performed endoscopic ablation in 30 cases of verrucous neoplasia, of which 28 case
(93.3%) were diagnosed as verrucous carcinoma, whilst in 2 cases the malignant nature of th
lesion wa not confirmed histologically. In 26 out of 28 cases (92.9%) of verrucous carcinoma,
histological confirmation of the diagnosis was only possible following partial excision of the
lesion using the diathermy loop. We acknowledge the possibility of veiswarainoma even in
cases where the malignant nature of the lesion was not confirmed, as ablation of the lesion i
those cases was performed following biopsy of the lesion with forceps. Currently, we perform
the removal of verrucous neoplasia only aftecamclusive histological result following the
acquisition of a sufficiently large tissue fragment using a diathermic loop, so as not to miss any
carcinoma. Therefore, based on our experience, the endoscopic appearance of verrucol

neoplasia raises a highspicion of malignancy [78].

4.2.FELS of hyperplastic laryngeal lesions

Flexible endoscopic surgical procedures were performed on 46 patients with LLH (men
43 (93.5%), womei 3 (6. 5 %) ) . The patients6é ages ran
53.4N12.0 and a median of 55. 5 yearysasifgle QR =

surgeon.
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Hyperplastic laryngeal lesions were represented by the following types of lesions: chronic
hyperplastic laryngitis with keratosis (n=7 (15.2%)), leukoplakia (n=23 (50.0%)), pachgderm
(n=14 (30.4%)) and verrucous neoplasia (n=2 (4)3%)

The dimensions of the lesions ranged from 0.3 cm to 2.5 cm (imkan1 NO . 6 ¢ m) .

In the majority of cases (44/46 (95.7%)), the glottic portion of the larynx was affected; in 2
cases (4.3%), pachyderanof the intearytenoid space was detecteab{e A3.9.

Based on the histopathological appearance of the lesions, according to the WHO
classification (2022) [200], higgrade dysplasia was detected in one case (2.2%)grlate
dysplasia was detected in 7 cases (15.2%), and the absence of dysplasia was tieed
remaining cases (n=38 (82.6%)). Ultimately, in total, we perforFEdS on 30 patients with
verrucous neoplasia of the larynx, of whom 28 (93.3%) were found to have verrucous carcinoma
These cases of carcinoma are not included inHbe group andare not discussed in this
chapter, which is devoted to premalignant lesions, but are discussed in another chapter, devote
to malignant lesions.

The following methods/techniques for the eradication of hyperplastic laryngeal lesions
were used in various owinations: cold surgery using flexible forceps, excision with a
diathermic loop, and Nd:YAG laser/98@70 nm diode laser ablatiomiie A3.9).

In 42 cases (91.3%), the procedure was performed under local anaesthesia witl
spontaneous breathing, and incdses (8.7%)we used general anaesthesia WsiHFJV, the
flexible endoscope being inserted via tuspendedigid jet laryngoscopeln 31 cases (67.4%),
the procedure was performed on an outpatient basis.

The number of treatment sessions ranged from 1 to 9. In 45 out of 46 patients (97.8%).
treatment was completed in a single session. In one case (massive obstructive verrucol
neoplasm), eradication of the lesimguired 9 treatment sessiongy(fe A2.47gb). This case
was resolved by Nd:YAG laser ablation under local anaesthesia whilst the patient was awake, ¢
a time when the clinic did not have the necessary equipment for transoral laser surgery-or a higt
frequency jet ventilator, and the patient pregdrflexible endoscopic laryngeal surgeRE(LS),
under local anaesthesia whilst awake, performed in repeated sessions, to open laryngeal surge
Following the first session of photoablation of the obstructing lesion, local oedema of the treated
tissues ocurred, with the patient complaining of increasing inspiratory dyspnoea, which led to
the performance of an emergency tracheostomy. Subsequent endoscopic treatment sessions w
performed with the tracheostomy in place, and following complete eradiadtibe lesion, the
patient was extubated and discharged home in a satisfactory condition. Currently, with the

available equipmenin cases where the airways are compromised due to massive obstructive
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lesions, we prefeflexible endoscopy combined with fended rigid laryngoscopy, under
general anaesthesia wi8HFJV.

Following endoscopic treatment performed on patients with hyperplastic laryngeal lesions,
the expected resultcomplete eradication of the visible lesiowas achieved in all treated cases
(figures A2.20ac, A2.214c, A2.22de, A2.47a,b, A2.48a,b). No complications were recorded
following the procedures performed, with the exception of the one mentioned above.

Recurrent lesions were recorded in 3/46 cases (6.5%) in patients with glottyci@awnta
at 3, 11 and 93 months, respectively, following the endoscopic procedure. In 2 of the 3 cases
treatment of the recurrent lesions was performed by rep&&ie8, and in the third case the
patient refrained from repeated intervention, as he wakeanpbstoperative period following
prostatectomy for prostate cancer.

Invasive carcinoma was diagnosed in 2/46 patients (4.3%) who continued to smoke aftet
surgery: one patient with CHLK, after 22 months, and one patient with pachydermia, after 103
monthsfrom endoscopic intervention.

The functional effects of endoscopic tr
subjective assessment of their own voices. More than half of the patients who underwent surger
(54.3%) rated their postperative voice asammal. The remaining patients presented with
varying degreesfalysphonia following surgerydgble A3.10).

Voice quality depended largely on the size and location of the lesion. Involvement of the
anterior commissure (AC) and a diffuse bilateral procemsen the prognosis regarding voice
quality. Severe dysphonia was observed postoperatively in 6 patients, of whom: in 2 cases, th
patients had previously undergone cordectomy for carcinoma of the contralateral vocal cord; in 2
cases, diffuse involvementf ®oth vocal cords was observed; and in one case, vocal cord
pachydermia developed against a background of chronic hyperplastic laryngitis.

In the treatment oHLL, both oncological efficacy and the preservation of vocal function
are important. There are always traufés, and priorities are set following the assessment of the
|l esi onds malignant potenti al and t hleGaedlt i er
et al. (2016), who argue that the oncological approach, recognising the potential for malignancy
in HLL, must take precedence over voice quality [45].

The period of clinical observation without local recurrence following endoscopic
interventonanged from one month to 266 months (
months (IQR=9%) (table A3.11).

As with BNELL, we support the position of Wellenstein D.J. et al. (2029)/[ and
consider that the aim of endoscopic treatment should be the etememoval/eradication of the

visible lesion.
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The nonangiolytic laser (Nd:YAG (1064 nm) or diode (980/1470 nm)) was the primary
instrument for treating hyperplastic laryngeal lesions, being used in 45 out of 46 cases (97.8%)
biopsy forceps were used Bcases (6.5%) and the thiarmy loop in 3 cases (6.5%glie
A3.9). In our experience, the use of the diathermy loop leads to a significant reduction in
operating time, which is very important for increasing the completion rate in outpatient surgery.
Currently, we use the diathermic loop as the {is¢ instrument in all verrucous neoplasms, so
as not to miss verrucous carcinoma, which can easily be underdiagnosed when using tradition:
biopsy via forceps [72].

We consider the results obtained in thisady to be encouraging and comparable to the
capabilities of traditional transor@QO, lasermicrosurgery, and superior to the results obtained
in OBLS of HLL using angiolytic lasers; we believe tf@BLS is the optimal modality for the
diagnosis and effective treatmentHtifL.

Given that leukoplakia, even without dysplasia, can progress to carcinoma, close
monitoring of patients withdLL is recommended, regardless of the initial histological response
[113, 140]. We recommend followp examinations after surgery at least once every 3 months
during the first 2 years, and subsequently at least once a year.

The limitations of this study include: (1) the retrospective nature of the study, (2) the
insufficient number of observations to make categorical statements, (3) the lack of a control
group, (3) significant variability in the observation period, (4) the lack of objective acoustic
assessment and standardised subjective assessment (e.g., the VHI scorejoimiethwhich

would merit evaluation in future prospective studies.

4.3.FELS of laryngeal papilloma/papillomatosis

Flexible laryngoscopic laryngeal surgery was performed to treat 51 patients with laryngeal
papilloma/papillomatosis (LP) (mein 29 (56.9%), women 22 ( 43. 1 %) . The
ranged from 19 to 77 years, with adlOmwyeman
(IQR=22.0). All procedures were performed by a single surgeon.

The size of the lesions ranged from 0.2 cmto 3.0 cm (hdan 6 NO . 8 ¢ m) .

In the majority of cases (46/51 (90.2%)), the glottic portion of the larynx was affected; in 4
cases (7.8%)solated involvement of the vestibular/supraglottic portion was recorded, and in 2
cases (4.0%) of thé extension of the laryngeal lesion into the trachea (Table A3.12). The
diagnosis of LP was confirmed histologically by biopsy performed under lodaHtop

anaesthesia.
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We applied the following methods/techniques for the eradication of papillomatoussles
in various combinations gble A3.13): cold surgery using flexible forceps, excision with a
diathermy loop, and Nd:YAG 1as@80/1470 nm diode lasablation

In 40 cases (78.4%), the procedure was performed under local anaesthesia with 2%
lidocaine and spontaneous breathing, and in 9 cases (17.6%), the procedure was performed unc
general anaesthesia, combining flexible laryngoscopy with suspeigigdaryngoscopy using
SHFJV. In 2 patients (3.9%), both types of anaesthesia were used in different sessions.

In 24 cases (47.1%), the procedures were performed on an outpatient basis.

The number of sessions per course of treatment required fabkdwgon of papillomatous
proliferations ranged from 1 to 7 (mean: 1
lesions was performed in a single session, and in 8 cases (15.7%), repedteentreessions
were required éble A3.14). In 3 pati@s with extensive papillomatous lesionsy Gessions of
endoscopic treatment were pmrhed to eradicate the lesionig(fire A2.494e). These cases
were resolved by Nd:YAG laser ablation under local anaesthesia whilst the patient was awake, &
a time wha the clinic did not have the necessary equipment for transoral laser surgery and &
high-frequency jet ventilator, and the patients preferf&l.S under local anaesthesia whilst
awake, performed in repeated sessions, to open laryngeal surgery. Currightthevavailable
equipmentjn cases where the airways are compromised due to massive obstructive lesions, w
prefer flexible endoscopy, combined with suspended rigid laryngoscopy, under general
anaesthesia withuperimposedigh-frequency jet ventilation

Following endoscopic treatment in patients witR, the expected outcome (complete
eradication of the visible lesion) was alred in all treated patientadtires A2.23&ac, A2.244
c, A2.254d, A2.50a,b). In one case, a toxic reaction to lidocaine wssreéd, arising from an
overdose of the local anaesthetic during the surgical procedure, which was successfully resolvet
No other complications associated with the procedure were recorded.

Tumour recurrence was established in 18/51 cases (35.3%), regoegsapeat procedures
at intervals ranging from 1 month to 188 months. The number of repeated courses of surgica
treatment per patient rargdyérom 1 to 6 (average2.7) (able A3.15).

Malignancy (the development of invasive carcinoma) was observatyirone case (2%)
during the followup period for patients withP. We present this case below.

Patient S, a 3yearold woman, presented to the clinic complaining of severe dysphonia
that had persisted for 3 months. Fibrolaryngoscopy: In the antenidrafhthe left vocal cord, a
flattened polypoid formation with a broad
was slightly irregular and pink in colour. Conclusion: Polyp of the left vocal cord. Complete

removal of the visible polypoid lesiowas performed via cold surgery, using biopsy forceps.
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Histological examination: Squamous cell papilloma with koilocytosis. The patient attended a
follow-up appointment 188 months (15 years and 8 months) after the operation, complaining of
moderate dysphoaifor 3 months. Fibrolaryngoscopy: Both laryngeal halves are mobile during
phonation. The vocal cords are slightly thickened, with their mucosa being slightly
hypertrophied. In the anterior third of the left vocal cord, an exophytic mass is evident, with a
broad base of attachment, measuring 0.310.
colour, and soft in consistency. Conclusion: Polypoid lesion (possibly a papilloma) of the left
vocal cord against a background of chronic hyperplastic largngitdmplete cold endoscopic
excision of the laryngeal lesion was performed using biopsy forceps. Histological examination:
Squamous cell papilloma with moderate dysplasia. The patient attended auplippointment

24 months (2 years) after the last @iem, complaining of pronounced dysphonia for 3 months.
Fibrolaryngoscopy: The vocal cords are thickened, and their mucosa is slightly hypertrophied. A
scar membrane (synechia) is evident in the region of the anterior commissure. In the anterio
two-thirds of the left vocal cord, a flattened polypoid formation is evident, with an elongated
appearance, elastic consistency, and a smooth surface. In the anterior third of the left vocal cort
on the superior surface, a raised lesion is evident, measuring @@ wmn, with a tuberous
surface and a whitish colour. Biopsy. Conclusion: Chronic hyperplastic laryngitis. Synechia in
the region of the anterior commissure. Oedematous polyp of the left vocal cord. Carcinoma of
the left vocal cord or, possibly, pachydemm(figure A2.51a). Histological examination:
Keratinised squamous cell carcinoma (G2). Complete ablation of the visible tumour was
performed using a 980/1470 nm diode laser, under local anaesthesia, with spontandung,brea

on an outpatient basisgtire A2.51Db).

The functional/vocal outcome of endoscopic treatmernitPfwas assessed based on the
patientds subjective assessment of their v
rated their voice as normal after surgery. The remaining patmasented with varying degrees
of postoperative dysphoniaafile A3.16). The functional outcome was largely influenced by the
location and extent of the lesion, as well as previous surgical interventions on the larynx.
Involvement of the anterior commissure, extensive bilateral lesions, and scarring of laryngeal
tissues flowing repeated surgical procedures worsen the vocal outcBoth. patients with
severe dysphonia had a history of recurrent juvaridewith multiple laryngeal surgeries.

The period of clinical observation without local recurrence following endoscopic
intervention ranged from 2 months to 268 months (nmie@n2 . 0 N6 7 . 1 dianwfi56 h a
months (IQR=88.5)) &ble A3.17). In the group of patients without established recurrence
(n=33), the observation period ranged from 2 months to 203 months (nedn. &8\ Gith a

median of 56 months (IQR=91.0)), and in the group of patients with recurrent disease (n=18),
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following the last surgical procedure, this period ranged from 3 months to 268 monthsi (mean
67.2N72.9, with a median of 41 months (1 QR=

Although many experts in the field of LP treatment consider it prudent to avoid excessive
radicalism during surgery, emphasising the protection of anatomical structures important for
phonation and ensuring an airway calibre sufficient for breathing, the recoatme of the
disease presdang a challenge for any study on the efficacyLéf treatment [31, 43, 102, 115],
our aim was the complete eradication of all visible papillomatous lesions, taking into account the
potential forLP to become malignant. In tlseirgical treatment of P, complete eradication of
the lesion is often associated with a more guarded prognosis regarding voice quality, particularl
when the | esion affects the anterior comm
potential forra |l i gnancy and the patientods preferer
complete eradication of the visible lesion following surgery, preferring the removal of the
papillomatous lesion even with the prospect of a poorer vocal outceroger presering the
residual lesion, with the prospect of its progression, in order to achieve a better vocal outcome.

The nonangiolytic laser (Nd:YAG (1064 nm) or diode (980/1470 nm)) was the primary
instrument in the endoscopic treatment.8f being used in 461 cases (90.2%), biopsy forceps
were used in 7 cases (13.7%i)d the diathmnic loop in 17 cases (33.3%aftle A3.13).

In the Englishlanguage literature available to us, we found no publications regarding the
use of the Nd:YAG laser or the 980/14%Wtn diode laser via a flexible endoscope in the
treatment oLP. Based on the available information, the material presented (51 patientdwith
for whom thenonangiolytic laser (Nd:YAG/980/1470 nm diode) was used separately or in
combination with otherredoscopic techniques) is the largest series reported in the literature to
date [81]. The caution shown by laryngologists regarding the use of the Nd:YAG laser in the
treatment of laryngeal lesions can be explained by the fact that the penetration cEphdity
type of laser into biological tissues is greater than that of other types of lasers used, resulting i
concerns regarding excessive thermal damage to adjacent tissues, scarring of the superfici
lamina propria and the formation of synechiae ina@h#erior commissure region. We consider
that collateral thermal damage caused by the Nd:YAG laser can be minimised by using the lase
following cold surgery or diathermy loop excision, as a sedmedtool, for the ablation of
residual lesions only.

We prefer to use the diathermic loop as a {firs¢ instrument in cases where there is a
clearly evident exophytic component of the lesion, and theangiolytic laser is applied for the
eradication/vaporisation of the residual lesion only. This technigseused for the first time in
the endoscopic treatment loP (Patent MD 1492 Z 2021) [68]. In our experience, the use of the

diathermic loop leads to a significant reduction in operating time, which is very important for
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increasing the rate of completeeatment inOBLS. Furthermore, laser ablation/vaporisation,
preceded by resection with a diathermic loop, compared to the use of the laser as a singl
instrument, allows for a reduction in thermal damage to adjacent tissues, and can also be used
large aml obstructing lesions, which present a major limitation for-ablative techniques using
angiolytic lasers, and enhaiscéhe safety of the procedurdg(fre A2.25&d). We consider
Nd:YAG (1064 nm)/diode (980/1470 nm) laser ablation, preceded by diathermic excision, to be
safe and effective, particularly for large and obstructing papillomatous lesions.

We consider the results of applyir§LS techniqueshethods, as obtained in this study, to
be encouraging and comparable to the capabilitieBLMS using aCO, laserand superior to
the results obtained @BLS of LP using angiolytic lasers; the proposed methods are applicable,
including for the eradicatio of voluminous lesions, which present a significant limitation for
nonablative laser techniques in the treatmerit®f

Our data on complete resolution of the disease (absence of recurrence was recorded |
64.7% of our cases) are comparable to the plasented by Mao W. et al. (2023), who reported
their experience of using the KTP laser in an outpatient setting for the treatmdnt iwbting
complete resolution of the disease in 66.7% of cases [128].

According to data published by Del Signore A.Gakt(2016), 50% of patients withP
treated with angiolytic lasers (PDL and KTP) required repeat treatment sessiorQuBdata
show that only 15.7% of treated patients required repeat treatment sessions to eradicate tt
lesion. We therefore consideraththe use of neangiolytic lasers (Nd:YAG (1064 nm) and
diode (980/1470 nm)) allows for a considerable reduction in the number of sessions required tc
eradicate the lesion. Another disadvantage of treatment with angiolytic lasers is the lack of &
clear endpoint, resulting in suboptimal treatment that requires repeated unplanned surgical
interventions in approximately 20% of cases [30]. The techniques we propose are free from this
disadvantage, as lesion eradication is visually/endoscopically monitoredy dine procedure,
and the endpoint (vaporisation/disappearance of the visible lesion) can be documenteddat the el
of the endoscopic operationgiire A2.24b, A2.52b).

According to the results obtained, the techniques proposed for the treatmieRt fibf
perfectly within theOBLS concept, which is a solution for rapid diagnosis and treatment, with
minimal risks to the patient. Taking into account the recurrent nature of the disease and the
prospect of repeated/multiple surgical interventio@BLS via FELS offers patients the
opportunity to avoid multiple general anaesthesias with muscle relaxation in the operating
theatre, which are associated with increased morbidity.

Among the limitations of this study, we note: (1) the retrospective nature of the €ud

the insufficient number of observations for categorical statements, (3) the lack of a control
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group, (4) significant variability in the observation period, (5) the lack of objective acoustic
assessment and standardised subjective assessment Ki.gcoxe) of the voice, which would
merit evaluation in future prospective studies.

Therefore FELS usingnonangiolyticlasers (Nd:YAG (1064 nm), diode (980/1470 nm)),
a diathermic loop and flexible biopsy forceps, can be considered an alternative to transora
microsurgery in the treatment of precancerous laryngeal lesions in selected patients, opening u
a new directionn OBLS for this patient group. The proposed techniques/methods allow for the
overcoming of certain limitations of currently used surgical methods (transoral microsurgery and
OBLS using angiolytic lasers) and demonstrate applicabilitPBLS, particularlyin patients
with risks and contraindications for general anaesthesia and direct suspended laryngoscopy. Tt
proposed method is attractive due to the reduced risks of the procedure for patients, particularl
those with comorbidities, as well as cost saviagsl time efficiency, allowing patients to
maintain a comfortable lifestyle. Given that béthL and LP are lesions with a high potential
for recurrencefFELS, being performed on an outpatient basis, offers this category of patients the
possibility of avoding repeated interventions under general anaesthesia in an inpatient setting,
which are associated with increased morbidity. Flexible endoscopic surgery is worth considering
taking into account patientsd pr eahaesthesmaras ,
prefer outpatient laryngeal surgery. Prospective studies, involving a larger number of patients
and a longer followup period, are required to validate the proposed approach to the treatment of

precancerous laryngeal lesions and to drawndigie conclusions.
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5. FELS OF GLOTTIC CANCER

Flexible endoscopic surgemyas performed on 140 patients with glottic cancer (in&81
(93.6%), womeri 9 (6. 4 %) ) . The patientsdé ages rang
58 . 7 N1 0meBlianaoh56.0 years (IQR=13.3). The histological structure of the tumours was
as follows: squamous cell carcinonial08 (77.1%), verrucous carcinoma24 (17.1%),
verrucous carcinoma of the hybrid tyjped4 (2.9%) and spindle cell carcinonia4 (2.9%).
Depending on tumour extent, 41 patients (29.3%) were diagnosed with ss@ffkatumour, 36
patients (25.7%) with cT1b (vocal cord carcinoma involving the anterior commissure was staged
as cT1lb), 56 patients (40.0%)cT2a (due to supraglottic and/or subgtotxtension of the
tumour, without impairment of vocal cord mobility), and in 7 patients (5.0%)2b (due to
supraglottic and/or subglottic extension of the tumour, with impairment of vocal cord mobility)
[7, 201]. Given that the eradication of neopilagesions via photoablation precludes histological
examination of the margins of the resected specimen, the assessmegnowaf stage according
t o t haiteridnTwias performed clinically, based on endoscopic and imaging findings.
Therefore, when thaTo criterion is mentioned in this paper, tReT0 criterion is implied.

All procedures were performed by a single surgeon. No complications associated with
FELSwere recorded during or after the procedure. No patient reported swallowing difficulties in

the postoperative period.

5.1. Survival analysis of patients with glottic cancer

We performed aranalysis of overall survival ifure A2.5), cumulative mortality rate
(figure A2.54), univariate analysis of survival according to tbatinent method apptl (figure
A2.55) and tumour stageidfire A2.56) , as well as a multivariate survival analysis, with the
included predictors being sex, age, treatment methods, endoscopic techniques, tumoud stage a
histological type of tumour igure A2.57).

5.1.1Kaplani Meier curve for overall survival

The vertical axis {fure A2.53) shows the probability of survival, and the horizontal axis
shows time (in months). The blue curve represents the Kidykar estimate, and the light blue
band shows the 95% confideninterval. A steady decline in survival is observed over the
follow-up period, with a rapid reduction in the first 200 months. After approximately2200
months, the curve stabilises around a survival rate of ~20%, suggesting that some patients ha
sunvved for a longer period. The shape of the curve indicates significant early and intermediate
mortality, with a plateau after ~200 months, which may reflect the selection of a group of

patients with a better prognosis.
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5.1.2. Kaplari Meier curve for the cumulative rate of events/deaths (cumulative
incidence)

In this case (fure A2.54), the vertical axis represents the cumulative probability of
experiencing the event (death) over time. The curve rises progressively throughout theipollow
period, reachig ~80% at 300 months. The confidence interval widens after 200 months,
reflecting the decreasing number of patients still at risk. The interpretation of this curve
complements that of the survival curve: if survival at 300 months is ~20%, then the ptybabil
of death by that point is ~80%.

The median survival timevas 156 months The 95% confidence interval for median
survival ranges froni00 to 192 monthsThis means that half of the patients survived for 156
months or less, whilst the other half survived longer than this. The relatively wide CI suggests
significant variability in prognosjsvhich is consistent with the diversity of clinical factors (age,
tumour stage, histological type) identifiatbowith the Cox model as determinants of survival.

5.1.3. Univariate survival analysis

Comparative analysis of patient survival in different treatment groups (Kaplan
Meier and log-rank test)

The KaplaiiMeier pla shows patient survival according to the treatment method used
(figure A2.55): FELS (flexible endoscopic laryngeal surgery) aRdELS+RT (endoscopic
surgery + adjuvant radiotherapylhe curve for patients treatasith FELS alone (orange)
remains visibly above the curve for patients treated WHEHLS+RT (blue), indicatingbetter
survival in the FELS group. The difference becomes evident from the very first months and
persists throughout the follewp period. At 200 monthspsvival in the FELS group is higher
(~40%) compared with theELS+RT group (~25%)The logrank testconfirmed the difference
bet ween the 13W6,p=(D002-ps g 2 G2A23.I~ this dataset, patients treated
exclusively with FELS had signficantly better overall survival than those who received
combined treatmenfELS+RT). This result may reflect the fact that patients inRE&S+RT
group initially hadmore advanced tumours or more unfavourable clinical characterishiash
necessitated adjuvant RT. Therefore, the difference in survival could be explained by both the
effect of the therapy artie initial selection of cases

Kaplani Meier analysis of survival by tumour stage

The graph shows the survival curves for pasiemith glottic tumours classified as stages
Tla, Tlb, T2a and T2bigure A2.56)
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Statistical results (logrank test, pairwise comparisons)
1 Overall comparison (allstages) 6] = 10. 71, p = 0.013 ('t
significant)

1 Pairwise comparisons:

TlavsTlb p = 0.45 Y no significant difference
TlavsT2a p = 0.20 Y no significant difference
TlavsT2b 6| = 1 3. 6sihnificapt difereBcewdttOrdduc¥d survival at T2b.
TlbvsT2a p = 0.37 Y no significant difference
Tlbvs T2 6] = 9. 5 dignificantdiferedce,0vah2a podr prognosis for T2b.
T2avsT2b p = 0.054 Y no significant differenc

Interpretation of the Kaplani Meier curves

Tla and T1lbthe curves are similar, suggesting a similar prognosis; both show relatively
good survival, with a gradual declin€2a survival is noticeably lower than in T1, but the
difference did not reach statistical significance (probably due to the number otgaligb: the
curve drops rapidly, indicating dramatically worse prognosisompared to all other stages.
Therefore,stage T2bis associated with the lowest survival and represents a major negative
prognostic factor.Tla and Tlbdo not differ significarly from one another, suggesting a
comparable prognosis in the early stages. The progressive difference in survival between T1/T2
and T2b validates the results obtained in the Cox model, where T2b emerged as an unfavourab
prognostic factor (see sectioalbw).

5.1.4.Multivariate survival analysis

Multivariate survival analysis was performed using a Cox proportional hazards model
(CoxPH), with time to event/death (months) and patient status (demttigpendent variables
(figure A2.57). The analysecbhort included 140 patients, of whom 62 events (deaths) were
observed during the followp period. The baseline function was estimated using the Breslow
method.

The overall model proved to be statistically significant accordingtothe chu ar e t e
= 31.43, df = 10, p < 0.001), confirming that the included variables contribute significantly to
explaining the variation in survival. The goodness of fHr{@ex) was 0.68, suggesting moderate
predictive power of the model. The partial AIC value (494ia€l)cates a reasonable fit of the
model to the data.

60



Analysis of included predictors

The coefficient for sex was positive (coef = 0.57, HR = 1.76), indicating a trend towards
increased risk of death in men compared with women. However, the confidéseal (95%

Cl: 0.506.21) is wide, and the-palue (0.38) shows that the difference is not statistically
significant.

Age was a significant predictor (coef = 0.05, HR = 1.05, 95% CI:i1.03, p < 0.005).
Thus, each additional year of age is associatéid an approximately 5% increase in the risk of
death. This result highlights the importance of age as a major prognostic factor in glottic cancer.

The use of different endoscopic techniques did not significantly influence survival (coef =
-0.23, HR =0.80, 95% CI: 0.36L.76, p = 0.58). This suggests that the type of endoscopic
technique used is not a determining factor for prognosis.

The treatment methods analys€&dE(S vs FELS+RT) showed a nosignificant reduction
in risk (coef =-0.21, HR = 0.81, 9% CI: 0.36 1.85, p = 0.62). This result suggests that, within
the study cohort, the choice of treatment method did not significantly influence overall survival.

Tumour stage:

T1b: coef = 0.32, HR = 1.38, 95% CI: 0i@496, p = 0.4 nonsignificant, but mdicates
a trend towards a poorer prognosis compared with T1a.

T2a: coefficient = 0.33, HR = 1.39, 95% CI: 0.@787, p = 0.38 also nonsignificant, but
confirms the trend towards increased risk.

T2b: coefficient = 1.88, HR = 6.53, 95% CI. 1i28.55, p= 0.01 71 statistically
significant, indicating aix-fold increasdn the risk of death compared with T1a. These results
confirm the importance of T2b tumour stage as a negative prognostic factor.

Histological type:

Squamous cell carcinomaoef = -1.55, R = 0.21, 95% CI: 0.00.81, p = 0.0Z
significant, with a clear protective effect. Patients with conventional squamous cell carcinoma
have an approximately-fold lower risk of death compared with the reference group (hybrid
variant verrucous carcinoma).

Spindle cell carcinoma: coef #©.85, HR = 0.43, 95% CI:. 0.08.22, p = 0.31i not
significant, but suggests a possible reduction in risk.

Verrucous carcinoma: coef-%.26, HR = 0.28, 95% CI: 0.01.10, p = 0.07 borderline
significant, indicating a ptective trend.

Overall interpretation:

The results highlight three main factors associated with survival in patients with glottic
cancer: (1) advanced age consistently and significantly increases the risk of death; (2) T2b stac

correlates with a significaly poorer prognosis, being a major negative factor; (3) the
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histological variant of conventional squamous cell carcinoma represents a favourable factor
being associated with a significant reduction in the risk of death. Factors related to sex, treatmer
methods and endoscopic techniques did not demonstrate statistically significant effects or
survival. Our results support the observations reported in other studies, which mention more
modest oncological outcomes of treatment for -§2ige glottic carcinoay compared to those
achieved in stage T2&oth with RT andTLMS [42, 90] a fact which has likely led to the
subdivision of stage T2 into the subcategories T2a and T2b in some scientific publip&ions

90, 201]

5.2. Fiveyear oncological outcome the endoscopic treatment of glottic cancer

For the analysis of lonterm oncological outcomes, the following patients were excluded
from the study: those who were under observation for less than 5 years following the endoscopi
procedure (n=20), patientwho were lost to follovup within 5 years of the endoscopic
procedure (n=6) and patients who died from causes unrelated to the primary disease within !
years of the endoscopic procedure (n=18).

A total of 96 patients met the selection criteria for thigdy: 88 men (91.7%) and 8
women (8. 3%). The patientsé ages ranged fr
median of 57.0 years (IQR=14.0). The histological structure of the tumours was as follows:
squamous cell carcinoma75 (78.1%), verrucousarcinomai 15 (15.6%), hybrid verrucous
carcinomai 4 (4.2%) and spindle cell carcinom& (2.1%). The primary tumour was recorded
in 87 (90.6%) of cases, and 9 patients (9.4%) presented with a recurrent (n=4) or persistent (n=-
tumour following RT. Deending on tumour extent, 27 patients (28.1%) were diagnosed with
Tlastage tumour, 26 patients (27.1%) with T1b, 40 patients (41.7%) with T2a, and 3 patients
(3.1%) - T2b. Involvement of the anterior commissure (AC) was recorded in 66 cases (68.8%).
The macroscopic appearance of the tuumlesions in the is shown iallle A3.18. Tumours with
exophytic and mixed growth patterns without ulceration predominated (76.0%).

In 71 cases (74.0%), only endoscopic treatment was administered, whilst in the remaining
25 cases (T1lb (n=2), T2 (n=23)) (26.0%), postoperative RT was also administered. The reason
for offering adjuvant RT to some of the patients with -TEbtumours were as follows: (1) a
large infiltrative tumour extending to the anterior commiss&eLS was considered from the
outset as the method for achieving cytoreduction, to enhance the efficacy of RT); (2) the
surgeonbés wuncertainty regarding the oncolo
unfavourable histopathological appearance in tlsaidisamples obtained by biopsy from the site

of the eradicated tumour.
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The following endoscopic techniques were used for tumour eradication: Nd:YAG laser
(1064 nm)/diode laser (980/140 nablationi in 64 (66.7%) cases and laser ablation preceded
by tumour excision with a diathermic loapin 32 (33.3%) cases. The number of treatment
sessions ranged from 1 to 9 (mgad . 6 N1 . 2, with a median of ]
cases, treatment was colefed in a single session.

Procedures under local/topical anaesthesia, with spontaneous breathing, were performed |
57 (59.4%) patients, whilst general anaesthesia with muscle relaxati@®@Hkdy/ was used in
39 (40.6%) cases.

Five-year overall survivahnd ultimate disease controincluding salvage treatment, was
achieved in 82/96 cases (85.4%).

Diseasefree survival DFS) was achieved in 75 cases (78.1%).

Local control was recorded in 76 cases (79.2%).

Recurrence/persistence of the primary tumous veeorded in 17 cases (17.7%). In 15 out
of 17 cases (88.2%), disease recurrence was diagnosed within the first 2 years following surgen
and in 2 casek more than 4 years later. Successful salvage treatment for tumour recurrence was
performed in 7/17 gients (41.2%): 3 patients underwent repeat flexible endoscopic laser
surgery (FELS), salvage RT was administered to 1 patient, open partial laryngectomy was
performed in 1 patient, and 2 patients underwent total laryngectomy.

Death due to the primarys#ase was recorded in 14 out of 96 cases (14.6%). Progression
of the primary tumour was observed in 10 of these cases, regional lymph node metastasi
without recurrence of the primary tumour in 3 cases, and cerebral metastasis was found in on
case. Withinone year of the endoscopic surgery, 3 patients (21.4%) died; after the first3/ear
(21.4%); after the second yeaB (21.4%); after the third yearl (7.2%); and after the fourth
yeari 4 (28.6%).

Cure with preservation of the larynx was achieve80f96 (83.3%) cases.

Ultimate disease contrddy FELS alone (without radiotherapy and/or salvag¥’L) was
achieved in 78/96 (81.3%) of patients.

We analysed the-$ear outcomes of glottic cancer treatmh according to tumour stage
(table A3.19). The ata obtained show a decline in the oncological outcomes of treatment in
relation to increasing tumour stage across all analysed criteria, with statistical significance
observed for 8 out of 9 criteriDC, OS DSS DFS LC, UDC FELS CLP, DD). The best
outcomes were achieved in the group of patients treated at stage Tla, with all patients alive
cured of the disease and with their larynx preserved, whilst the most unfavourable outcome:
were recorded in the group of patients at stage T2I3 (@ditients died as a result of progression

of the primary disease).
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Analysis of the longerm (5year) outcomes of glottic cancer treatment according to
anterior commissure (AC) involvement shows that patients with tumour extension to the AC had
less fawurable oncological outcomes compared with those in whom the AC was not affected.
AC involvement worsens treatment outcomes according to all oncological criteria analysed, with
statistical significance observed according toGh® criterion (p=0.039)takde A3.20).

General anaesthesia with muscle relaxation &hwtFJV showed no advantage over
local/topical anaesthesia with spontaneous breathing in terms efdong5year) oncological
outcomes, with statistical significance observed for 5 out of 9 eiteralysedyDC, OS DSS
CLP, DD) (table A3.21).

Our expectations regarding the combinationF&LS with postoperative RT in T1H2
glottic tumours were associated with improved oncological outcomes, but the results obtained dc
not support this hypothesighe results in the group of patients who received the combined
treatment proved to be even inferior to those in the group of patients treateldBEkEalone
according to all the oncological criteria analysed, reaching statistical significance foo8%ut
criteria UDC, OS, DSS DFS, LC,UDC FELS CLP, DD) (table A3.22, A3.23).

The functional outcome (voice quality) was largely dependent on the extent/stage of the
tumour and, in particular, on tumour involvement of &@. The results obtained demaorae,
with statistical significance (p<0.001), that the functional/vocal outcome is impaired in relation
to increasing tumour stage aA@ involvement (able A3.24). In the majority of patients with
T1la lesions (70.4%), satisfactory voice quality or minor dysphonia was recorded. Over half of
patients with T2stage disease (51.6%) presented with severe dysphonia after treatment, anc
moderate or severe dysphia was recorded in 77.3% of patients withsfdge diseaseith AC
involvement. It is worth noting that none of the patients observed with a preserved larynx
expressed any regrets regarding their choice of treatment method, regardless of voice quality.

Based on currently published data, this study presents the largest series of patients treate
by FELSand followed up for 5 years [63].

We note that the-§ear oncological outcomes BELS for glottic cancer, presented in this
study, are comparable to theljpished longterm results obtained witiLMS and RT.

According to our data, theDC, including salvage therapy, for T1 and T2 glottic cancer
was 94.3% (T1a 100%, T1bi 88.5%) and 74.4% (T2a80%, T2bi 0%), respectively. The
UDC rate, including salvasg therapy, reported in the literature followingMS was: for T1
disease: 97% [35], 96% [208]; for T2 disease: 80% [208]. UBE rate, including salvage
therapy, reported in the literature following RT for T1 disease was: 98% [144], 90.3% [40]; for
Tla dsease: 90.3% [134].
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According to our data, theC/DFSfor T1 and T2 disease was, respectively: 86.8% {T1a
92.6%, T1bi 80.8%) and 69.8%/67.4% (T2a72.5%, T2bi 33.3%/0%). According to the
literature,LC/DFSfollowing TLMS was: for T1 disease: 85% [14%6.3% [35], 8587% [174],

75% [36]; for Tla disease: 76.1% [21], 92.3% [124], 93.1% [33], 69% [36]; for T1b disease:
74.1% [124], 75% [4], 77% [49], 55.6% [33]; for T2 disease: 72.7% [124B8B% [174], 59%
[147], 77.3% [195], 75.4% [20]. Following premy RT, LC/DFS was, according to the
literature: for T1 disease: B88% [136], 93% [144], 88% [104], 82.1% [40], 73.694% [138],

79% [134], 87% [36]; for T1a disease: 94% [110], 86.5% [138], 77% [134], 78% [36]; for T1lb
disease: 87% [49], 83% [110], 83.6M38], 81% [134]; for T2 disease: 703% [136], 73%
[144], 67% [104]; 18% [35], 77% [29], 75.8% [195], 75.6% [20], 71% [36].

Ultimate disease contralchieved solely through endoscopic surgery, according to our
data, was as follows for T1 and T2 diseasspectively: 90.6% (T1a96.3%, T1k 84.6%) and
69.8% (T2ai 75.0%, T2bi 0%). According to the literaturailtimate disease contrgUDC)
achieved solely by LMS was: for T1 disease: 87% [146], 90% [145]) 983% [174]; for Tla
disease: 94% [48], 98% 24, 98% [24]; for T1b disease: 91% [48], 83.3% [124], 90% [24]; for
T2 disease: 81.8% [124], 786% [174], 76% [147].

According to our data, cure with larynpreservation was: for T1 and T2 disease,
respectively, 92.5% (T1& 100%, T1bi 84.6%) and 72% (T2ai 77.5%, T2bi 0%).
According to the literature, the laryrpreservation rate followingLMS was: for T1 disease:
91.7% [35], 99% [208], 9D8% [174]; for Tla disease: 97.3% [21], 95% [168], B¥Y% [36];
for T2 disease: 80% [208], B25% [174], 88.8% [92], 84% [147]. The larypreservation rate
following primary RT was, according to the litaxe¢: for T1 disease: 82% [134]; for Tla
disease: 77% [168], T93% [36]; for T2 disease: 60.4% [44].

Death from the primary disease, according to our data, was: for T1 and T2 disease,
respectively, 5.7% (T1a 0%, Tlbi 11.5%) and 25.6% (T2& 20%, T2bi 100%). The
mortality rate from the primary diseag#lowing TLMS, as reported in the literature, was: for
T1 disease: 1.5% [202]. Mortality from the primary disease following primary RT, according to
the literature, for TAT2 disease was 11.2% [134].

The lbcal recurrence rate, according to our data, for T1 and T2 disease was: 13.2% (T1la
7.4%, T1bi 19.2%) and 23.3% (T2& 20.0%, T2bi 66.7%). According to the literature, the
local recurrence rate followingLMS was: for T1 disease: 11.2% [35], 12.3% [18X2.9%

[18], 14% [202], 18% [146]; for T2 disease: 26% [146]. Following primary RT, the local
recurrence rate was, according to the literature: for T1 disease: 16% [18]; for Tla disease: 149
[169]; for T1b disease: 16% [169], for T2 disease: 36% [169].
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According to our dataAC involvement worsens the outcomes of laryngeal cancer
treatment, although we were unable to establish the statistical significance of the results
obtained, except for one criterio@l(P), due to the insufficient number of observasidtable
A3.20). The treatment oflottic carcinoma involving théC is controversial [24, 174]. At the
point where the vocal cords attach to the thyroid cartilage via the Broyles ligament, the
perichondrium is absent; consequently, some authors conkidesite to be a vulnerable point
that facilitates tumour invasion of the thyroid cartilage, transforming a T1 tumour into a T4
tumour [4, 174]. Lesions affecting theC are often understaged, with invasion of the thyroid
cartilage being overlooked, leading to-T8 tumours being treated as -T2 tumours, with
consequently poor outcomes [149]. In some publications, tumour extension tCthe
considered a contraindicafi for endoscopic management [149, 187]. On the other hand, other
specialists consider the Broyles ligament to be a protective factor for the thyroid cartilage and
emphasise the negative impactAT involvement only for T2 tumours, which cross th€
vertically [145, 174, 209]. The higher recurrence rate of infiltrative and exulcerated tumours is
associated with deep superior and/or inferior extension of the tumour along the inner
perichondrium of the thyroid cartilage [89]. Shvero J. et al. (2003) at@ieih cases oAC
involvement in the tumour, laser resection must includeABeup to the thyroid cartilage, at
least 0.5 cm of the subglottic area, and the anterior third of the contralateral vocal cord [172].
Stephenson K.A. and Fagan J.J. (2017) meoend TLMS with adjuvant RT as the primary
treatment for glottic cancer involving tHeC in patients with unfavourable morphopathological
findings (positive or uncertain margins) [177]. Regardless of the therapeutic method applied
(RT, partial laryngectomyTLMS), tumour involvement of th&C (particularly for infiltrative
and ulcerated tumours) is considered an unfavourable prognostic factor [4, 10, 19, 89, 156]
Alkan U. et al. (2017) reported a 75% local control rate at 5 years folloliMsS for glottic
cancer withAC involvement [4]. Wang Q. et al. (2025) reported a 61% local control rate at 5
years followingTLMS for T1 glottic cancer with seve®C involvement [194]. Bron L.P. et al.
(2001) reported a 66% local control rate at 5 years following RTghattic cancer withAC
involvement [19]. Vasudevan S.S. et al. (2025) repoaetV.2% local control rate following
primary RT for T2T2 glottic cancer withAC involvement [192].Pradhan S.A. et al. (2003)
reported a recurrence rate of 35.7% afteMS for glottic cancer withAC involvement [149],
Bassani S. et al. (2025) reported a recurrence rate of 55.5%0 B for early-stage glottic
cancer withAC involvement [12], and Balica N.C. et al. (2016) noted that, regardless of the
therapeutic method apet (RT, open partial laryngectomyLMS), in glottic cancer withAC
involvement the recurrence rate is up to 70% [10]. Thus, our tdike (A3.20) are consistent

with and comparable to the lotgrm results observed following the useTaMS and RT in tle
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treatment of glottic cancer witAC involvement. We consider that the oncological outcome is
more important than the vocal outcome in patients with glottic cancer; therefore, spa#t the
during surgery to achieve better voice quality is not relevanthis category of patients due to
the high risk of persistent tumour.

Anterior commissurénvolvement was also one of the main reasons for offering adjuvant
radiotherapy to some patients with FIB disease; however, our data do not support the
assumption that postoperative RT would improve the oncological outcomeSEIS.
Surprisingly, the eésults obtained in the group of patients undergoing combined treatrie (
and postoperative RT) were inferior to those in the group of patients undergoing endoscopic
laser surgery alon@ccording to all the oncological criteria analygblesA3.22, A3.23). Our
data support the findings published by Djuckic V. et al. (2019), who reported lower overall
survival and diseasspecific survival rates in patients who underwent postoperative RT
compared with those who underwent endoscopic surgery alone [33].

Regarding functional/vocal outcomes after treatment, both RTTRME can result in an
abnormal voice. Impaired voice quality following RT is caused by oedema, stiffness, scarring
and atrophy. Voice quality followingLMS may be reduced due to scarringtbé operated
vocal cord or glottic incompetence, related to the depth of excision [145]. The advantage of one
method over the other remains debatable. In a systematic review andmals, Greulich
M.T. et al. (2015) found no significant clinical défence in vocal outcomes between RT and
TLMS [51]. Brandenburg J.H. (2001) notes that the size and location of the tumour may have &
greater impact on voice quality than the selected treatment modality (for exafiple,
involvement will result in poor voicquality, regardless of the treatment modality applied) [18].
Functional impairment following treatment for early glottic cancer is often considered acceptable
[178]. Our data confirm that tumour extent has a statistically significant impact on voicty quali
(tableA3.24). A satisfactory voice/minor dysphonia was recorded in 70.4% of patients with Tla
disease, whilst more than half of patients with T2 disease presented with severe postoperativ
dysphonia.

The disadvantage of tumour ablation compared to tumour resection lies in the inability to
perform a histological examination of the margins of the resected specimen. The clinical
significance of positive resection margins remains debatable. It is gersredpted that some
patients with positive margins followingLMS for glottic carcinoma will not develop tumour
recurrence, and the relationship between the status of resection margins and tumour recurrence
unclear [24, 174]. The evaluation of histolcgi specimens following laser excision is
problematic due to charring and shrinkage of the specimens [13, 24]. There is no consensu

among specialists regarding positive resection margins. Some authors consider that, in the ca:
67



of positive margins, addidnal treatment is mandatory [8]. Others propos& w a i t and
strategy [91, 173, 174]. Sigston E. et al. (2006) found that 84% of their patients with positive
resection margins would have undergone unnecessary additional treatment Aa ¢hé t ar
s e astategy not been followed [173]. Aluffi Valetti P. et al. (2018) report that in 83% of
patients with positive resection margins who underwesgixasion, no residual carcinoma was
detected [5]. Bertino G. et al. (2015) consider that, if the surgicainsaare tumoufree during

the surgical procedure, secondary treatment can be avoided, even if the histological specimer
are positive [13]. Lee H.S. et al. (2013) report that oncological outcomes in cases with positive
margins do not differ significantljrom those recorded in cases with negative margins and
suggest that the identification of the surgical margin by an experienced surgeon may be reliabl
and considered more clinically predictive than histological assessment Y¥24dvocate and
practisetheAwa i t atrategy EL#3e134], taking into account the accessibility of the glottic
region for visual examination, and do not routinely take a biopsy from the site of the eradicated
tumour unless a persistent/recurrent lesion is suspected dumegfotlow-up flexible
laryngoscopy. The importance of patient cooperation and fallpvexaminations via flexible
laryngoscopy, scheduled at close intervals, cannot be overestimated for the early detection of
possible tumour recurrence. Given the inceglagsk of local tumour recurrence in the first 2
years after surgery (according to our datan 88.2% of cases), our recommendations for
postoperative followup examinations by flexible laryngoscopy are as follows: once a month
during the first year aftesurgery, once every 2 months during the second year, once every 3
months during the third year, once every 6 months during the fourth and fifth years, and once ¢
year after 5 years. In addition, for patients with T2 disease, we recommend performing an
ultrasound scan of the cervical region every 3 months during the first 2 years after surgery.

The limitations of the present study are as follows: the retrospective nature of the study, the
lack of a control group to compare the results obtaiiéd/S and/orRT), and the lack of an
objective assessment of the voice pmstratively, which could have been useful for the study,
although this was not the objective of the present study.

Therefore FELSfor early glottic cancer demonstrates oncological outcomes comparable to
RT andTLMS; from an oncological perspective, it can be considered an effective method for
treating T1T2a glottic cancer and an alternative to traditional approaches, primarpgatients
with risks/contraindications for RTGA with muscle relaxation, and transoral microsurgery, as

well as for patients who prefer outpatient laryngeal surgery.
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5.3. Characteristics ofFELS for verrucous carcinomaof the larynx (VCL)

The aim of the study was to evaluate the efficacifBES in the diagnosis and treatment
of verucouscarcinoma of the laryn@/CL) [54, 72]

The study group consisted of 28 patients with glottic verrucous carcinoma, treated by a
single surgeon using fléxie endoscopic laser surgery (FELS) between 1993 and 2024. Informed
consent was obtained from the treated patients. All patients in the study cohort were men age
between 38 and 80 years (meanage8 N9 . 4 year s) . I'n all diases
portion of the larynx. According to the extent of tumour spread, patients were classified as
follows: Tlai 8 (28.6%), Tl 7 (25.0%) T21 13 (46.4%). Traditional biopsy using forceps,
inserted through the working channel of the flexible laryngoscope, was inconclusive in 26 out of
28 cases (92.9%). The histological findings received, in most cases, were as follows:
Aeukoplakia, Apachyderried , hypérkeratosis , papMlomad. To obtain adequate specimens for
histological confirmation of the tumour, tumour excision with a diathermic loop was performed
via a flexible endoscop e under local anaesthesia with 2% lidocaine, with spontaneousgoreathin
[72, 77]. Following histological confirmation of the tumour, laser ablation of the tumour was
performed via a flexible endoscopic approach, using an Nd:YAG laser (1064 nm) or a diode
laser (980/1470 nm) and a flexible therapeutic bronchoscope. The nomessions ranged
from 1 to 9 (meari 2 . 0 N 1abl®A3.25)]. In 17 cases (60.7%), tumour eradication was
achieved in a single session. In 18 cases, the procedure was performed using flexible endoscor:
under local anaesthesia with mild/moderate intrausnsedation and spontaneous breathing. In
10 cases, suspended laryngoscopy under general anaesthesi@8HFIN was performed,
combined with flexible endoscopy, the reas
preference, taking into account, particular, the size of the tumour and airway compromise. In 1
patient (T2, hybrid form o¥/CL), postoperative RT was administered.

Ultimate disease controias achieved in 24 cases (85.7%%).22 cases (78.6%), no
recurrete was detected alple A3.26). The recurrencéree observation period in this group
ranged from 12 to 24 months (mean 85.4 months) éble A3.27). Residual or recurrent
tumours were detected in 6 cases (21.4%), of which in 2 ,calesate disease contravith
organ preservatiomwas achievedthrough repeate#ELS (one patient) and open surgery (one
patien). In 4 cases (14.3%)reatment failed, and the patients died as a result of tumour
progression (in all cases, the hybrid fornrM&L was observed).

Verrucous carcinoma of the jarx (VCL) is a rare form of laryngeal cancer, accounting
for 11 4% of malignant laryngeal tumours, and is often difficult to diagnose [6]. Establishing a
diagnosis ofVCL poses a major challenge for both the clinician and the pathologist, which is

why we pg particular attention to this tumowCL is characterised by a discrepancy between
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the macroscopic and microscopic appearance of the tumour, whereby the tumour has
macroscopically Amalignand appearance but a microscopicallfbenigro appearance.
Consegently, the laryngologist is usualisnpressedy the macroscopic appearance, whilst the
pathologist is lessmpressedoy the microscopic appearance [139]. If the clinician does not
suspect the presence WL and takes a conventional biopsy of the tumdwrwill almost
always receive @benigrdo morphological result, such agepithelial hyperplasia with keratosis,
parakeratosis and acanthasis Apapilloma. The pathologist, not having been guided or made
aware by the clinician, will not issue a conclusW€L diagnosis based on a routine biopsy.
ConsequentlyVCL is frequently underdiagnosed, resulting in late diagnosis at an advanced
stage, inappropriategatment and an unfavourable prognosis for the patient [122]. Orvidas L.J.
et al. (1998) report a high rate (52%) of initial misdiagnosis, with the lesion being classified as
benign, and a higher incidence of total laryngectomies in the group of patigmtanninitial
misdiagnosis [139]. In some publications from previous years, devoted to laryngeancer,

t he aut howhie paplom®, iclassifying it as a precancer with a malignancy rate of up
to 50% [210]. In more recent publications, thessbility of laryngeal papilloma becoming
malignant is acknowledged, but with a much lower raief%d [43, 102, 157]. This huge
discrepancy in the rate of maligrnatmansformationof laryngeal papilloma across different
bibliographic sources, in our opimpis explained by the fadhat behind the diagnosis of
Apapillomad or Anyperkeratosis there is, in reality, often undiagnosed laryngeal verrucous
carcinoma.

The macroscopic appearance of verrucous carcinoma is, in practice, unmistakable o
pathognomora [38]. The lesion presents as an exophytic growth, with a broad base of
attachment, weltlefined margins, a hard consistency, a tuberous surface, and a -gvbiyesh
colour (cauliflowerlike appearance), often with bizarre frelike or villous projectios, giving a
Aaind appe guaARsds. ( f

The microscopic appearance of the tumour is charaeterby the following features
(figure A2.59): a massive layer of keratin on the surface of the lesion (hyperkeratosis); a
papillary surface with deep fisses containing masses of decomposing keratin; the presence of
cells with nuclei in the keratin layer (parakeratosis); villiform projections without-ffaszular
axes, consisting of wetlifferentiated squamous epithelium; absent or rare mitoses in siaé ba
and parabasal layers; minimal or absent cellular atypia; wide epitimsiggdinations with blunt
t i pesl e(pAh a h)gewhicld extend into the underlying stromal connective tissue, with a
compressive, locally destructive edge appearance at thiEao#evith the underlying connective
tissue; the basement membrane usually remains intact; tumour growth through compression c

adjacent structures; marked lympplasmacytic inflammatory reaction in the connective tissue
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stroma; the presence of epithelipearls, small cysts, microabscesses and foreign body
granulomas adjacent to the epithelial pearls and keratin masses; mestasteegional lymph
nodesareabsent or extremely rare [38].

A definitive histological diagnosis requires obtaining sufficieridsge tissue fragments,
including the epitheliastromal interface, which would allow examination of the entire epithelial
thickness and the underlying stromal tissue; this is difficult due to the massive layer of keratin on
the tumour surface and its hacdnsistency, and requires a greater effort on the part of the
clinician, which is not usually necessary in the case of biopsy of squamous papilloma or typical
squamous cell carcinoma (SCC). Damm M. et al. (1997) report that biopsy specimens taker
during tansoral microlaryngoscopy were insufficient for a conclusive histopathological
diagnosis ofVCL in 40% of cases, arguing for the need for multiple biopsies [28]. We used
flexible transnasal endoscopy under local anaesthesia, with tumour biopsy $ipredsing a
diathermic snare idure A2.28b, A2.29). This method allows for the collection of tumour
fragments large enough for a conclusive morphological diagriigisg A2.30) and enables the
biopsy to be performed on an outpatient basis, avoiding geareaatthesia [66, 72].

It should be noted that in approximately 20% of cases, the hybrid formMCaf is
observed, where elements WCL and classicSCC are detected in a single lesion [137]. The
biological behaviour of the hybrid form MCL is similar to that of classiSCC Multiple tissue
specimens may be required to rule out the presence of a convel@©B8alomponent in the
lesion. Half of patients with an initial diagnosis of a hybrid tumour are subsequently diagnosed
with a recurrentumour [139]. The differential diagnosis ¥ICL most often needs to be made
with squamous papilloma (SP) and papillary squamous cell carcinoma (PSCC). Even ar
experienced pathologist may misdiagno$€L as a papilloma, particularly if the biopsy
specimeng small. Papilloma and papillomatosis are purely exophytic lesions, with acanthosis
and, only occasionally, with keratosis and parakeratosisVEbr, massive superficial keratosis
is a key criterion, being associated with villiform projections adtaaryo appearance. Cellular
morphometry may be helpful. Cooper J.R. et al. (1992) found, through morphometric analysis of
the dimensions of the intermediate layer cells, that there is a significant difference bé@ieen
and SP . The aut hor s@ omremml ucseiloln airse at hgarteat er
diagnosis ofVCL, whil st a mean area | ess than 250
[27]. Papillary squamous cell carcinoma is the term used for invasive squamous cell carcinom:e
with a papillary erphytic component. Microscopically, the tumour has all the characteristics of
classic SCC (cellular atypia, invasion of the basement membrane, etc.). A tumour showing atypi
on biopsy is likely noWCL, but weltdifferentiated papillary squamous cell caimna [38]. The

correct diagnosis is imperative for determining the most appropriate treatment. Both
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underdiagnosis (e.g., papilloma) and overdiagnosis (egillarysquamous cell carcinoma) can
have serious consequences for the patient. In laryngedlopegiosis, during surgery, the
emphasis is on ensuring adequate phonation and respiration. It is recommended to avoi
excessive radicalism and to preserve anatomical structures important for phonation anc
respiration, in particular the anterior and pastecommissures, in order to reduce the risk of
postoperative complications, such as synechiae and cicatricial glottic stenoses [31, 43, 102]. I
the case oV CL, the approach is entirely different: complete tumour ablation is essential for the
p at i came,twibhncological radicalism being the priority.

Verrucous carcinoma, having the same dimensions and ext&$@&S may be treated
with a more conservative approach. For example, in the cag€lofinvolving the vocal cord,
the anterior commissureiith extension into the subglottic and supraglottic regions and reduced
laryngeal mobility {igure A2.60a), we proposed and successfully performed endoscopic laser
ablation of the tumourfigure A2.60b). However, had we obtained?&CCresult following
biopsy in this case, the patient would likely have required a total laryngectomy. Cervical lymph
node dissection is not indicated in cased/6L, even in advanced cases, whereas in cases of
PSCCwith T3 extension, prophylactic cervical dissection is perfatnggven the possibility of
cervical metastasis [38].

The diagnosis of/CL is always clinicalmorphological; the macroscopic appearance must
be correlated with the microscopic findings, which requires a high level of expertise from both
the laryngologist ad the pathologist, as well as good collaboration between them, in order to
arrive at the correct diagnosis [38, 139].

Due to the rarity oWCL, the existing literature consists mainly of case reports and small
case series; consequently, there is currently no definitive treatment strategy. From the time of th
tumourds first description t ¥CLtremain tiperslgestefnt
ongoing debate. Surgical resection is currently the main method of tr¥&ingensuring local
control in 8083.6% of cases [6, 34, 96, 122]. The use of RTreatingVCL is controversial.
Many clinicians do not recommend RT as a primary treatmas several studies have
demonstrated that RT can cause anaplastic transformatiofiCbf increasing the rate of
recurrence and regional metastadollowing irradiation [96, 112, 130, 131, 175]. This
hypothesis is debatable, as there are publicatibas challenge it [99, 179], but the main
treatment method for resectable tumours at present is surgery, with RT being reserved for lesior
that cannot be resected whilst preserving laryngeal function, recurrent tumours, persisten
tumours and hybrid tumars [96, 131, 137].

There are publications on the use @D, laserin endoscopic surgery of the laryngeal

vestibule with encouraging results. Damm M. et al. (1997), presenting re$ulisating21
72



patients, recommend transoral endoscopic surgery @@hlaseras the method of choice for
T1-T2 VCL [28]. Hod R. et al. (2010) report the reswdfCO, lasercordectomies performed on

18 patients with TVVCL. The authors mention the advantage<Gk laserresection: precise
application; minimal surgical trawa; resection with almost no bleeding; rapid wound healing
and reduced morbidity. Among the disadvantages of the method, the authors mention the
problematic manoeuvrability of the endoscope in patients with a short neck and/or cervical
pathology, associatl with the risk that the surgeon will be unable to visualiseAlieand,
consequently, the surgical intervention will not be as radical as it should be. The authors argut
that CO, lasercordectomy is a feasible procedure for patients Wi@iL, provided tley have a
normal neck, no subglottic extension of the tumour, no stridor, and no extensive lesions. In the
event of tumour recurrence, repeated laser cordectomies are considered appropriate. For patiel
with a short neck oAC involvement, the authors prose laryngofissure, followed by laser
cordectomy [96].

In the available Engliskanguage literature, we found no references to the usSElos for
VCL. Based on our experienc€ELS for VCL demonstrates similar results compared to
traditional TLMS using aCO;, laser and allows the difficulties encountered in patients with
cervical problems orAC involvement to be overcome, avoiding laryngofissure and
tracheostomy. The less aggressive biological behaviouCaf, compared to typicaCC often
allows for a conservative ablation of the tumour FIELS, even in large tumours thabstruct
the laryngeal lumeni@ure A2.60a,b).

Therefore, close collaboration between the clinician and the pathologist is vital for the
correct diagnosis o/CL. Obtaining alarge tissue specimen durirggbiopsy is critical for a
conclusive histological diagnosis. Excision with a diathermic loop via a flexible endoscope
allows for an adequate biopsy to be performed under local anaesthesia on an outpatient basi
Flexible laser endoscopic surgery can be ictered a valid therapeutic alternative for patients
with VCL, provided they are closely monitored endoscopically. Among the advantages of the
method are: the possibility of performing the procedure under local anaesthesia, which avoid:
general anaesthesiand the risks associated with it; applicability to patients with
contraindications for general anaesthesia and to patients with anatomical features that mak
transoral surgery impossible (short mandible, insufficient neck extension, ankylosis of the
tempoomandibular joint, inadequate exposure of the larynx, etc.), making it possible to avoid
laryngotomy and tracheostomy. In the hybrid formiv&@fL T2, achieving local control is more
problematic than in typicaV CL. Further studies are needed to confirm \Whetpostoperative

RT can promote treatment success in such cases.
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5.4. Flexible endoscopic surgery for recurrent/residual glottic cancer following

radiotherapy

The aim of the study was to evaluate the Wawgn (5year) efficacy ofFELS in the
treatment of recurrent and residual glottic cancer following RT [60, 83]. The present study is
retrospective. Informed consent was obtained from all treated patients. The following selection
criteria were used for the study: (1) consecutive paisvith recurrent and residual glottic
carcinoma, cTAT2NOMO, (2) a 5Syear followup period after treatment.

Nine patients with recurrent (n=4) and residual (n=5) glottic cancer following RT, at cT1
T2 stage, were selected for the study: 8 men and 1 woagad, 476 6 year s ( mean
years). The histological structure of the tumours consisted of keratinised squamous cell
carcinoma (n=7) and nekeratinised squamous cell carcinoma (n=2). Depending on tumour
extent, 2 patients were diagnosed with a Thaowr, 1 patient with a T1b tumour, and 6 patients
with a T2 tumour (due to supraglottic and/or subglottic extension of the tumour, without
affecting vocal cord mobility) Anterior commissurenvolvement was recorded in 6 cases
(66.7%).

In 7 cases, onlyreloscopic treatment was administered, and in 2 cases of residual T2
carcinoma, postoperative RT was also administered at a dosé 22 B8y. The rationale for
providing adjuvant RT for the 2 cases of residual tumours was to complete the preoperative R
dose (40 and 46 Gy, respectively) and to consolidate the therapeutic effeet 8f In 8 cases,
treatment was performed in a single session, and in ond das2 sessions. Procedures under
local/topical anaesthesia, with spontaneous breathing, were pedannd patients (55.6%), and
general anaesthesia with muscle relaxation@iBJVwas used in the other 4 cases.

No complications were recorded during or after the procedure-yEmeoverall survival
and ultimate disease control, including salvage rimeat, were achieved in 6/9 cases (66.7%).
Recurrencdree survival (LC/DFS) was achieved in 5 cases (55.6%). Local recurrence of the
primary tumour was recorded in 3 cases (33.3%). Successful salvage treatment (tota
laryngectomy) for tumour recurrence waerformed in 1 patient. Death, caused by progression
of the primary disease, was recorded in 2 cases (22.2%), 48 and 53 months, respectively, aft
the endoscopic procedure. In one case, at 7 months after FELS, the patient died from a bral
tumour, whichwas considered to be metastatic, although there is no firm certainty of an
association between the brain tumour and the laryngeal tumour. Cure with preservation of the
larynx was achieved in 5 (55.6%) cases. Ultimate disease control, achieved solely BEQS]
was registered in 5 (55.6%) patients. All three patients with stage T1 remained alive, cured of the
disease, and with their larymxeserved, thanks to FELSlile A3.28).

74



Radiotherapy is still the preferred treatment for eathge glottic cancer in many
institutions, with a cure rate of B80% for Tig T1 lesions [156]. The tumour recurrence rate
following RT is 5 20% for stage T1 and P50% for stage T2 [105, 148]. A majdisadvantage
of this type of treatment is the inability to reuse RT in the event of tumour recurrence [155].
Consequently, the management of RT failures is always surgical. Open partial laryngectomy
(OPL) may be used to treat RT failures, but the proeeduassociated with significant surgical
trauma and a high rate (up to 51%) of postoperative complications [13, 136, 149, 162]. Incision
of the thyroid cartilage on the larynx, which has previously been irradiated, promotes the
development of severe pogerative complications, including chondritis, chondronecrosis and
fistula [160]. Consequently, in the event of RT failure, total laryngectomy is performed in the
majority (75%) of cases [18], resul tildeg i n
TransoralCO, lasermicrosurgery is considered the gold standard in the surgical management of
early primary glottic carcinoma, having replad@®L as the primary treatment modality [108,
174, 178]. In contrast to primary glottic cancer, experiendé e use ofTLMS for the
treatment of recurrent/residual cancer following RT failure is still limited. More modest results
are reported fof LMS when applied to recurrent/residual cancer following RT, compared with
primary cancer [155], a higher comg@ton rate than in the treatment of primary tumours, and
the frequent need for repeat procedures to achieve disease control [165]. Blakeslee D. et &
(1984), analysing a series of 15 patients, report a 40% local control rate in the treatment o
recurrentcarcinoma following RT for T1 glottic cancer [15]. Ramakrishnan Y. et al. (2014), in a
review and metanalysis based on 11 studies, report local control following the first intervention
of 56.9% [151]. Weiss B.G. et al. (2017), in a retrospective stodnd the Syear local control
rate following TLMS for 93 patients with early recurrent glottic cancer to be 57.5% [196].
Roedel R.M. et al. (2010), analysing the oncological outcomeBLMS for early recurrent
glottic cancer following primary RT, report@ire rate of 42% after the first operation [160].
Russo E. et al. (2023), in a recent review and fap#dysis, analysing the results of salvage
TLMS following primary RT for 235 patients, estimate thgear summary local control rate to
be 39.1% [163].

Flexible endoscopic laryngeal surgery may overcome some of the limitatiohisM$
mentioned earlier (Chapter 1), but in the available literatweehave found no studies on the use
of FELSfor treatingrecurrent and residual glottic cancer. Based on currently published data, this
study presents the first and largest series of patients trieatéHLS and followed for 5 years.

The first endoscopic laser ablatiamder local anaesthesia for recurrent tglotarcinoma
following RT was performed in 1994, with the patient remaining tunfiae for over 9 years

[83]. Although there is no substantial evidence to support adjuvamtackation following
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salvage surgery, the rationale for such a decision inafnaur cases was as follows: the two
patients mentioned did not receive the full dose of radiation prior to salvage endoscopic
treatment, with the persistent tumour being detected after the first half of the RT course.
Therefore, completing the RT regimegip to 6070 Gy) following substantial surgical
cytoreduction was considered rational to enhance the chances of local control.

The small number of cases included in this study, which constitutes a limitation of the
study, does not allow for categoricaatements, but the achievement of local contidease
free survival, cure with larynpreservation, andltimatedisease control througRELS alone at
55.6% allows us to conclude that the oncological efficac{BiES is comparable to that of
TLMS, and he method is worthy of use as a salvage treatment following RT failure, offering
patients the chance of organ preservation, particularly in limited lesions (T1).

5.5. Endoscopic surgery for glottic cancer on an outpatient basis

Flexible endoscopic larymegl surgery on an outpatient basis was performedventy
four patients (23 men, 1 woman) with primary glottic carcinomaTtZ,laged between 38 and
81 years, withameanf58 . 2N10. 4 years, with a median o
examinationrevealed squamous cell carcinoma in 16 cases (66.7%), verrucous carcinoma in €
cases (25.0%), and spindle cell carcinoma in 3 cases (818%).patients, the tumour was
diagnosed at stage T1la, in 8 patients at stage T1b, in 6 patients at stage Ti28, paients at
stage T2b (with vocal cord mobility impairmentnterior commissureinvolvement was
observed in 15 patients (62.5%). In 20 cases, only endoscopic surgery was performed. In 4 cas
(all T2), postoperative/adjuvant RT {38 Gy) was also administered. In one case (T2a), the
patient decided to undergo postoperative RT, wiahevidence of persistent tumour; in another
case (T2a), the reason for offering postoperative RT was the detection of adverse changes |
biopsies taken from the site of the eradicated tumour; and in two other cases (T2b), endoscopi
surgery was initiallyplanned as a means of achieving significant tumour reduction for
large/protruding tumours in patients who refused open surgery, in order to increase the chance
of successful radiotherapy.

Laser ablation of the tumour was performed in all cases, precedédthermic loop
excision in 12 cases (50%). The number of treatment sessions ranged from 1 (n=13 (54.2%)) to
(n=1) (meani 1.5).

Tumour persistence was detected in one case (4a2%) months afteFELS for T2b
glottic carcinoma, and theesidualtumaur underwent repeated laser ablation on an outpatient
basis followed by postoperative RT. Laryngeal preservation was achieved in all treated patients.

Ultimate diseaseontrol by FELS alone on an outpatient basis was achieved in 19 (79.2%)
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patients, andhie recurrencéree survival period since the last organmeserving procedure ranged
from 4 to 270 mont hs, wi t h a mean of 7 2.
(IQR=133.5). On«hird of patients (33.3%) weffellowed up for over 5 yearsaileA3.29).

Fourteen patients presented with minor postoperative dysphonia, 5 patients presented witl
moderate dysphonia, and 5 patients presented with severe dysphonia.

No intra or postoperative complications were recorded. All therapeutic procedures were
completedon an outpatient basis, without subsequent referral for surgery in the operating theatre
under inpatient conditions. All treated patients were discharged home withihdurs of the
operation.

In the available literature, we found no references regattimgise of the Nd:YAG laser,
the 980 nm diode laser, and the diathermy loop in outpatient laryngeal surgery. We also found n
studies regarding the treatment of primary glottic carcinoma on an outpatient basis. This stud
claims to be the first to preseatseries of patients with primary glottic carcinoma (n=24) treated
on an outpatient basis, including 79.2% of patients followed for over 1 year and 33.3% of
patients followed for over 5 years [62].

We consider the results obtained to be encouraging amgarable to the outcomes of
traditional surgery performed in an inpatient operating theatre.

Among the limitations of the study, we note its retrospective nature, the absence of a
control group, a relatively small number of patients, a relatively shdéoirvfalp period for some
patients, and the lack of both objective measurements and detailed subjective assessments
voice quality (e.qg., the VHI score), which would merit further evaluation in the future.

ConsequentlyDBLS using the Nd:YAG laser, the 980n diode laserand the diathermic
loop can be considered an alternative to traditional endoscopic surgery, performed in the
operating theatre, for selected patients with glottic cancer. The proposed techniques overcom
the limitations of previously suggested methods dathonstrate the applicability @@BLS,
including for primary malignant lesions, particularly in patients with contraindication&Aor
and direct rigid laryngoscopy. Largeale prospective studies, involving a large number of
patients and a longer followp period, are welcome to validate the described approakctraw

definitive conclusions.
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GENERAL CONCLUSIONS

1. Flexible endoscopic laryngeal surgery using-angiolytic lasers (Nd:YAG (1064 nm), diode
(980/1470 nm)), a diathermy loop and flexible biopsy forceps is an effective method for the
treatment of benign neepithelial lesions of the larynx, offering alevant therapeutic
alternative to currently used surgical methods (transoral microsurgery and outpatient laryngea
surgery using angiolytic lasers), particularly for patients with contraindications for general
anaesthesia or transoral microsurgery, anehog up a new direction in outpatient laryngeal
surgery. The proposed techniques/methods allow the limitations of the aforementioned surgica
methods to be overcome, demonstrating applicability in outpatient laryngeal surgery even in the
case of voluminosi lesions. Among the advantages of the method, the positive economic impact
and time savings are worth noting, as the procedure can be performed on an outpatient basis f
the majority of patients.

2. Endoscopic classification of hyperplastic laryngesibles ((1) chronic hyperplastic laryngitis,

(2) chronic hyperplastic laryngitis with keratosis, (3) leukoplakia, (4) pachydeand (5)
verrucous neoplasia), developed and proposed by the author, contributes to a clearer distinctic
between hyperplastic laryngeal lesions with increased malignant potential and those with
reduced malignant potential. The last two types of lesiorseh{ydermia and verrucous
neoplasia) raise a heightened suspicion of malignancy and warrant a more aggressive approa
than the first three types. To obtain a conclusive histological result, traditional forceps biopsy
may be appropriate in cases@HfiL, CHLK, and leukoplakia, whilst in cases of pachydermor
verrucous neoplasia, total or subtotal excision of the lesion using a diathermy loop is relevant.

3. Surgical treatment via flexible endoscopy using-angiolytic lasers (Nd:YAG (1064 nm),
diode (980/#70 nm)), a diathermic logpand flexible biopsy forceps may be a relevant
alternative to the traditional approach to hyperplastic laryngeal lesions (via traG&prkser
microsurgery), offering significant advantages such as: the ability to avoidskiseof general
anaesthesia, applicability to patients with risks and contraindications for general anaesthesia ar
transoral surgery, a favourable ceéfiectiveness ratio, and time saving<€ELS using non
angiolytic lasers (Nd:YAG (1064 nm), diode (98@/10 nm)) overcomes the limitations of
outpatient surgery using nablative techniques witangiolytic lasers by eradicating the lesion
during the procedure. Surgical treatment via flexible endoscopy can be performed both on ar
outpatient basis under topic anaesthesia and in combination with direct suspended
laryngoscopy under general anaesthesia VWBHFJIV. FELS in an outpatient setting is
particularly attractive for patients with recurrent lesions, as it offers the possibility of avoiding
repeated genal anaesthesia with muscle relaxation, which is associated with increased

morbidity. InpatienFFELSis preferred in cases of obstructive lesions with compromised airways,
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and in patients with unfavourable/unstable cardiopulmonary status. Prospectives, studie
involving a larger number of patients and a longer follgwperiod, are required to validate the
proposed approach to the treatment of hyperplastic laryngeal lesions and to draw definitive
conclusions.

4. Flexible endoscopic laryngeal surgery using-angiolyticlasers (Nd:YAG (1064 nm), diode
(980/1470 nm)) as the primary instrument is a safe and effective approach, which may be ¢
relevant and feasible alternative to the conventional approach in the treatment of laryngea
papillomatosis, given theecurrent nature of the disease, with advantages including: (1) the
possibility of avoiding repeated general anaesthesia with muscle relaxation, along with the
associated risks; (2) applicability for patients with contraindications for general anaesticesia a
transoral microsurgery; (3) the possibility of performing the procedure on an outpatient basis,
which leads to a significant reduction in medical costs; (4) time savings. Nd:YAG laser
/980/1470 nm diode lasablation preceded by resection with a diatimic loop, compared to

the use of the laser as a single instrument, reduces the duration of the procedure and therm
damage to adjacent tissues, and can be used in large, obstructing lesions, which present a ma
limitation for norablative laser techques.

5. Flexible endoscopic laryngeal surgery for early glottic cancer demonstrates oncological
outcomes comparable to radiotherapy and transoral laser microsurgery; from an oncologica
perspective, it can be considered an effective method for treathi@ Tlottic cancer and an
alternative to traditional approaches, primarily for patients with risks/contraindications for
radiotherapy, general anaesthesia with muscle relaxation and transoral microsurgery, as well &
for patients who prefer outpatientyageal surgery.

6. Flexible endoscopic laryngeal surgery under local anaesthesia is not infdfieL$ainder
general anaesthesia wilHFJVin terms of oncological efficacy and is a safe procedure that can
be recommended for the management of early glottic carcinoma on an outpatient basis
particularly for T1la lesions.

7. Tumour involvement of the anterior commissure reduces the oncologicahtes ofFELS

for early glottic cancer. Further studies on a larger clinical sample are required for definitive
conclusions.

8. CombiningFELS with adjuvant RT does not lead to improved oncological outcomes in the
group of patients with THy2 glottic cancer compared withrELS alone. Further studies on a
larger clinical sample are required for definitive conclusions.

9. Impairment of vocal cord mobility (T2b stage) has a major negative impact on the outcomes
of glottic cancer treatment; it correlates wahsignificantly poorer prognosis and is a major

negative factor.
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10. Flexible endoscopic laser surgery may be considered as an alternative treatment method fi
patients with TLT2 verrucous carcinoma of the larynx, including large obstructive lesions,
provided that patients are closely monitored endoscopically. In the hybrid form &CL2
achieving local control is more problematic than in typM@lL. Further studies are needed to
confirm whether postoperative RT can promote treatment success in sash ca

11. Flexible endoscopic laryngeal surgery for recurrent and residual glottic cancer following RT
in stages TIT2 demonstrates oncological outcomes comparable to transoral laser microsurgery;
from an oncological perspective, it can be considered aectafé method for treating
recurrent/residual T1 cancer and is worthy of use as a minimally invasive surgical alternative for
curing the disease whilst preserving the larynx, primarily for patients with risks/contraindications
for general anaesthesia withuscle relaxation and transoral microsurgery. Prospective studies
involving a larger number of patients are required to validate the proposed approach and dray

definitive conclusions.
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PRACTICAL RECOMMENDATIONS

1. Flexible endoscopy witlbiopsy is, in most cases, possible on an outpatient basis and is
recommended as the most appropriate method for establishing a correct clinical and
histopathological diagnosis of neoplastic lesions of the larynx.

2. Although the incidence of carcinoma @lling endoscopic treatment for benign and
precancerous laryngeal lesions is low (according to our data, 1.2% for benigpitiaial
lesions, 2% for papilloma and 4.3% for hyperplastic laryngeal lesions), we consider it advisable
to stop smoking, managgstreoesophageal reflux disease and monitor patients endoscopically
at least once a year for at least the first 5 years following surgery. Patients with precancerou
laryngeal lesions (hyperplastic laryngeal lesions and papilloma) should attend focagnclos
review as soon as possible after the onset of symptoms suggestive of recurrence or disea
progression (change in voice quality, sensation of a foreign body in the throat, etc.), in order tc
benefit from earlystage diagnosis and minimally invasiveatment.

3. Given the potential foHLL to become malignant, we recommend folloyw examinations
following endoscopic surgery at least once every 3 months for the first 2 years, and thereafter ¢
least once a year.

4. Following FELS for LP, the firstfollow-up endoscopic examination is recommended 2
months after the procedure. Subsequent examinations should be scheduled 6 and 12 months af
the procedure, then once a year, in the absence of symptoms of disease recurrence (progress
of dysphonia or yspnoea), or immediately upon the onset of symptoms of disease recurrence.

5. Obtaining sufficiently large tissue specimens during biopsy is critical for a definitive
histological diagnosis of verrucous carcinoma of the larynx. We recommend the use of a
diathermy loop as the instrument of choice for the biopsy of verrucous neoplasms in order tc
obtain a definitive histological diagnosis of VCL in an outpatient setting.

6. Following endoscopic resection of glottic cancer, our recommendations feogavatve
follow-up examinations using flexible laryngoscopy are as follows: once a month during the first
year after surgery, once every 2 months during the second year, once every 3 months during tf
third year, once every 6 months during the fourth and fi#thry, and once a year after 5 years.

In addition, for patients with T2 disease, we recommend cervical ultrasound once every 3

months during the first 2 years after surgery.
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Office-based endoscopic surgery for benign, 2
premalignant, and malignant laryngeal lesions

Petru Gurdu'"®, Oleg Amaut®*, Eusebiu Sencu® and Dumitru Sofroni’

Abstract

Background The available publications concerning office-based flexible endoscopic laryngeal surgery (OBFELS)

are mostly dedicated to managing benign and premalignant laryngeal lesions using angiolytic lasers. There is a lack
of information about using other lasers and different treatment approaches in OBFELS. There is also a lack of pub-
lications related to OBFELS for malignant laryngeal lesions. The objective of the study was to share our experience

in OBFELS using Nd:YAG laser, 980/1470 nm diode laser, diathermy snare, and biopsy forceps for benign, premalig-
nant, and malignant laryngeal lesions, and to evaluate the effectiveness of the treatment.

Methods OBFELS was performed in 362 patients from 3 groups: benign lesions (BL) (n=285), represented by nod-
ules, polyps, Reinke's edema (RE), nonspecific granulomas, cysts, and neurofibroma; premalignant lesions (n=53),
represented by laryngeal papilioma/papillomatosis (LP), and hyperplastic laryngeal lesions (HLL), including chronic
hyperplastic laryngitis with keratosis, leukoplakia, pachydermia, and verrucous neoplasia; and malignant lesions, rep-
resented by primary T1-T2 glottic carcinoma (n =24). All endoscopic interventions were performed with spontaneous
breathing under topical anesthesia without sedation or with minimal/moderate intravenous sedation/analgesia. The
following endoscopic techniques in different combinations were used for lesion eradication: cold surgery by flexible
forceps, diathermy snare excision, and laser ablation/vaporization using Nd:YAG laser (1064 nm) or 980 nm diode laser.

Results Complete eradication/removal of visible lesions was obtained in all treated cases. Recurrent lesions were
registered in the BL group in 2.8%, in the LP group - in 33.3%, in the HLL group — in 6.9%, and in the glottic carcinoma
group - in 4.29% of cases. Larynx preservation was obtained in all the patients, and ultimate disease control by OBFELS
alone was achieved in 79.2% of patients with glottic carcinoma.

Conclusions OBFELS using Nd:YAG laser, 980 nm dicde laser, diathermy snare, and flexible biopsy forceps can be
considered an alternative to traditional OR endoscopic laryngeal surgery for benign, premalignant, and malignant
laryngeal lesions in selected patients. The proposed techniques allow for overcoming some limits of previously pro-
posed methods and demonstrate the applicability of OBFELS even for bulky lesions and primary malignant lesions,
especially in patients with risks and contraindications for general anesthesia and direct laryngoscopy.

Keywords Office-based laryngeal surgery, Nd:YAG laser, 980 nm dicde laser, Benign lesions, Premalignant lesions,
Glottic carcinoma
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Background

Office-based laryngeal surgery (OBLS) has been a trend
in development in modern laryngology for about 2
decades. According to Zeitels and Burns, office-based
laryngeal laser surgery was instituted in 2001 and first
discussed at the American Laryngological Association in
2003 [1]. Most of the publications on OBLS of laryngeal
lesions are dedicated to using angiolytic lasers: 585 nm
pulsed-dye laser (PDL), 532 nm pulsed-potassium-tet-
anyl-phosphate (KTP) laser, and a new 445 nm blue diode
angiolytic laser [2-7]. The available publications con-
cerning OBLS are mostly dedicated to managing benign
and premalignant laryngeal lesions, the reported results
being comparable to the traditional operating room (OR)
laryngeal endoscopic surgery under general anesthesia
(GA) [5, 7. There is a lack of information about using
other lasers and different treatment approaches in OBLS.
There is also a lack of publications related to OBLS for
malignant laryngeal lesions.

The objective of the present study is to share our expe-
rience in OBLS using Nd:YAG laser, 980 nm diode laser,
diathermy snare, and biopsy forceps for benign, prema-
lignant, and malignant laryngeal lesions, and to evaluate
the effectiveness of the treatment.

Methods
This is a retrospective study. Office-based flexible endo-
scopic laryngeal surgery (OBFELS) was performed (in the
time interval from 1992 to 2024) on 362 patients from
3 nosological groups: benign lesions (#=285), prema-
lignant lesions (n=>53), and malignant lesions (n=24).
Benign lesions (BL) were represented by nodules, polyps,
Reinke's edema (RE), nonspecific granulomas, cysts, and
neurofibroma. Premalignant lesions were represented by
laryngeal papilloma/papillomatosis (LP) and hyperplastic
laryngeal lesions (HLL). HLL were dlassified as follows:
chronic hyperplastic laryngitis with keratosis, leukopla-
kia, pachydermia, and verrucous neoplasia [8]. Malignant
lesions were represented by primary glottic carcinoma
(T1-T2). Office-based laryngeal surgery for patients with
such lesions as vocal nodules, mild Reinke’s edema, non-
specific granulomas, and HLL was considered after con-
servative treatment failure or suspicion of malignancy.
Selection criteria for OBLS were the following:
patients with benign, pre-malignant, and malignant
(T1-T2 glottic carcinoma) lesions who had risks/con-
traindications for general anesthesia and/or direct
rigid laryngoscopy, who preferred surgery in an office
setting, and who could tolerate the awake procedure
under topical anesthesia. Patient cooperation (ability to
endure the procedure) was appreciated during the diag-
nostic flexible laryngoscopy with biopsy (if necessary)
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performed before the operation. Exclusion criteria for
OBLS included compromised airways and poor/unsta-
ble cardio-pulmonary condition of the patient.

All the interventions were performed by a single sur-
geon in the office or hospital-based endoscopy suite.
Written informed consent was obtained from the
patients. All endoscopic interventions were performed
with spontaneous ventilation/breathing under topical
anesthesia without sedation or with minimal/moder-
ate intravenous sedation/analgesia (on the patient’s
demand). Patients were discharged home in a time
interval of 1-2 h after completing the procedure.

Patients were operated on under topical anesthe-
sia of the larynx with Lidocaine 2% (10-15 ml) that
was instilled through a catheter passed via the work-
ing channel of the flexible bronchoscope during pho-
nation, producing “laryngeal gargle” Sometimes (on
patient demand), minimal/moderate intravenous seda-
tion/analgesia was applied. Appropriate cardiovascular
monitoring and pulse oximetry were assured for such
cases.

The main tools used for performing OBLS were a flex-
ible bronchoscope with a 2.2-3.0 mm working chan-
nel, a diathermy snare (oval-shaped, size 10-15 mm), a
Nd:YAG laser (wavelength 1064 nm), a 980 nm diode
laser, and a flexible biopsy forceps (4.5-7.3 mm cup
opening).

The patients were preferably operated on in a sitting
upright position (Fig. 1). After topical anesthesia of the
nasal cavity, pharynx (with 10% Lidocaine spray), and
larynx, a flexible bronchoscope was introduced trans-
nasally to the larynx to obtain adequate lesion expo-
sure. Biopsy forceps was used for biopsying a lesion,
and removal/eradication of small lesions (1-4 mm).
Diathermy snare in cutting mode was used for biopsy-
ing verrucous neoplasia, and partial/complete resec-
tion of various protruding lesions. Flexible guide-based
Nd:YAG laser (1064 nm) or 980 nm diode laser were
used for the ablation of different types of lesions in near
non-contact continuous mode with 20-40 W power
setting for Nd:YAG laser and 20-30 W power setting
for 980 nm diode laser (Fig. 2).

Numerical data (age and follow-up period in months)
were presented as min—-max range, mean t standard devi-
ation, median, and interquartile range. Categorical data
were presented as absolute and relative frequencies.

The voice outcome was assessed by a scale representing
the patient's subjective appreciation of his voice as fol-
lows: normal voice, mild dysphonia, moderate dyspho-
nia, and severe dysphonia. Recurrence of the lesions was
documented by biopsy or complete removal of the visible
lesion with subsequent histological examination of the
obtained specimen.
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Fig. 2 Laser ablation of nght vocal fold carcinoma

Results

The selection criteria for the study were met by 362
patients with benign, premalignant, and malignant
laryngeal lesions.

Benign leslons

Benign lesions were identified in 285 patients (188
males, 97 females). The age distribution ranged from 16
to 73 years, with a mean age of 44 £+ 11.4 and a median
of 44 years (IQR= 17). The pathology (Table 1) included

Table 1 Benign lesions treated in an office-based setting

Type of pathology No (%)
\Vocal nodule 38(133%)
Myxoid polyp 61 (21.4%)
Fibrous polyp 34(11.9%)
Angiomatous polyp 39(137%)
Angiofibrous polyp 70 24.6%)
Cyst 14 (4.996)
Nonspecific granuloma 19(6.7%)
Reinke's ederna 93.7%)
Neurofibroma 1(03%)
Totally 285 (100%)

Table 2 The number of treatment sessions necessary for BL
eradication

No. of t per pati No. of patients
1 281 (98.6%)

2 3(1.1%)

3 1{03%)
Mean=1.0 285 (100%;)

vocal nodules, vocal fold polyps, RE, nonspecific granu-
lomas, cysts, and neurofibroma.

The majority of lesions (281 (98.6%)) were localized
in the glottic portion of the larynx, and four lesions
were localized in the supraglottic portion (ventricular
cysts). The size of the lesions varied from 0.2 to 2.5 cm.
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Table 3 Endoscopic techniques used for BL eradication
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Table 5 Voice outcome after OBLS for benign laryngeal lesions

Endoscopic techniques No.of patients (%)  Voice outcome No. of patients (%)
Cold surgery (by forceps) 92 (32.3%) Normal 270 (54.7%)
Diathermy snare excision 117 (41.1%) Mild dysphonia 5{1.8%)

Laser ablation 22(7.7%) Moderate dysphonia 932%)

Cold surgery + Laser ablation 30(10.5%) Severe dysphonia 1{03%)

Diatherrmy snare excision + Cold surgery 6(2.1%) Totally 285 (100%)
Diathermy snare excision + Laser ablation 18(63%)

Totally 285 (100%)

‘The number of treatment sessions necessary for lesion
removal/eradication varied from 1 to 3. The majority of
BL (98.6%) were removed in 1 session (Table 2).

For BL eradication, the following endoscopic tech-
niques were used in different combinations: cold surgery
by flexible forceps, diathermy snare excision, and laser
ablation/vaporization (Table 3).

Complete removal of the visible lesion was obtained
in all treated patients. Recurrent lesions were registered
in 8/285 cases (2.8%). Recurrent nonspecific granuloma
was registered in 6 cases that required repeated suc-
cessful OBLS. The other 2 cases were represented by
vocal fold polyps that recurred, respectively, after 153
and 39 months from surgery and were also successfully
removed in an office-based setting.

The follow-up duration for this patient group ranged
from 1 to 189 months, with a mean of 10+27.6 months
and a median of 3.0 months (IQR=2 months). Notably,
malignant lesions were registered during the follow-up
period in 4/285 cases (1.4%) (Table 4).

The majority of patients treated in an office-based set-
ting (94.7%) appreciated their voice after the operation as
normal (Table 5). Severe dysphonia persisted in 1 patient
with bilateral RE (grade 3) treated by laser ablation.

Laryngeal papliloma/paplliomatosis

Twenty-four patients with LP (16 males, 8 females)
underwent endoscopic laryngeal surgery in an office-
based setting. The age distribution ranged from 19 to 77,
with a mean age of 42.2+16.5 years and a median age

Table 4 Malignancy developed after OBLS for BL of the larynx

Table 6 Extension of the lesion in patients with LP treated in an
office-based setting

Affected portion of the larynx No. of patients (%)
glottic 16 E6.6%)
supeaglottic 3{125%)

glottic + subglottic 1{42%)

ghottic + supraglottic 3(125%)

glottic+ supraglottic + subglottic 1{42%)

Totlly 24 (100%)

of 40 (IQR=27). The glottic portion of the larynx was
affected in the majority (87.5%) of patients (Table 6).

The lesion size/extension varied from 0.2 to 3.0 cm. In
22 patients (91.7%), the lesion was eradicated/ablated in 1
session, and in 2 cases, 2 treatment sessions were needed.
The following endoscopic techniques, in different com-
binations, were used for LP eradication: cold surgery by
flexible forceps, diathermy snare excision, and laser abla-
tion/vaporization (Table 7).

Complete eradication/ablation of the visible lesion
was obtained in all the cases (Fig. 3). Recurrent papil-
lomas were registered in 8/24 patients (33.3%) who
needed repeated endoscopic interventions in an office-
based setting. The follow-up period without disease
recurrence ranged from 2 to 203 months, with a mean
of 797748 months and a median of 585 months
(IQR=129.5) (Table 8).

Malignant transformation of papilloma was regis-
tered in 1 case: 2 years after cold eradication of glot-
tic papilloma, a Tla squamous cell carcinoma (G2) was

Pathology (size of the lesion) Treatment for BL Type of malignancy Time interval between OBLS Treatment for developed
and diagnosis of malignancy malignancy

Angicfibrous polyp 0.5 cm) GS+LA SCC(Ma) 252 months Successful endoscopic LA

Angiomatous polyp (06 cm) a SCC(Ma) 28 months Successful endoscopic LA

Angiomatous polyp (1.5cm) DEX SCC (1) 68 months Successful endoscopic LA

Neurofibroma (1.5 cm) DEX+LA SCC(12) 48 months Open partial laryngectomy

Abbreviations: CS Cold surgery, LA Laser ablation, DEX Diathermy snare excision, SCCSquamous cell carcinoma
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Table 7 Endoscopic techniques used for LP eradication

Endoscopic techniques No. of patients (%)
Cold surgery (by forceps) 5{208%)

Laser ablation 14 (58.3%)

Cold surgery + Laser ablation 1{42%)

Diathermy snare exciion + Laser ablation 3{125%)

Cold surgery + Diathermy snare excision + Laser 1{42%)

ablation

Totally 24(100%)

diagnosed and treated by laser ablation in an office-based
setting (Fig. 4).

Concerning voice outcome, 17/24 patients (70.8%) with
LP appreciated their postoperative voice as normal, and 7
patients (29.2%) presented moderate dysphonia.

Hyperplastic laryngeal leslons
In-office treatment was performed in 29 patients with
HLL (26 males, 3 females). The age distribution ranged
from 20 to 77 years, with a mean age of 51 + 13.4 years
and a median of 52 years (IQR=18). HLL were repre-
sented by chronic hyperplastic laryngitis with keratosis
(n=3), leukoplakia (n=13), pachydermia (n=12), and
verrucous neoplasia (n=1) [8]. Histological exami-
nation revealed low-grade dysplasia in 2 cases (6.9%),
high-grade dysplasia in 1 case (3.4%), and no dysplasia
in 26 cases (89.7%). The glottic portion of the larynx
was affected in 26 cases, the glottic and supraglottic
portions in 1 case, and the supraglottic portion in 2
cases. Lesion size/extension varied from 0.3 to 2.5 cm.
In all the cases, complete eradication/ablation of the
visible lesion was performed in 1 treatment session
(Fig. 5). The following endoscopic techniques in differ-
ent combinations were used for HLL eradication: cold
surgery by flexible forceps, diathermy snare excision,
and laser ablation/vaporization (Table 9).

Recurrent lesions were registered in 2 cases
(6.9%), respectively, 3 and 11 months after surgery,
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and required repeated in-office laser ablation. The
recurrence-free follow-up period ranged from 1 to
266 months, with a mean of 69.9 £80.6 months and a
median of 25 months (IQR=134) (Table 10). Malig-
nancy (T2 squamous cell carcinoma) was registered
103 months after surgery in 1 patient (3.4%) who con-
tinued to smoke after the first surgical intervention.

Nineteen patients (65.5%) appreciated their postop-
erative voice as normal, 6 patients (20.7%) presented
moderate dysphonia, and 4 patients (13.8%) presented
severe dysphonia.

Malignant lesions
Twenty-four patients (23 males, 1 female) with primary
T1-T2 glottic carcinoma, aged 38 to 81, underwent
OBLS. The mean age was 58.2+ 10.4 years, with a median
of 562 years (IQR=114). Histological examination
revealed squamous cell carcinoma in 16 cases (66.7%),
verrucous carcinoma in 6 cases (25.0%), and spindle cell
carcinoma in 2 cases (8.3%). According to the primary
tumor stage, 7 patients had Tla stage, 8 patients had
T1b stage, 6 patients had T2a stage, and 3 patients had
T2b stage (with impaired vocal fold mobility) of the dis-
ease. Anterior commissure affection was observed in 15
patients (62.5%). In 20 cases, only endoscopic surgery
was applied. In 4 cases (all-T2), postoperative radiation
therapy (36-70 Gy) was also offered. In one case (T2a),
the patient desired to undergo postoperative radiation
therapy (RT) without evidence of persistent/recurrent
tumor; in another case (T2a), the reason for offering RT
was adverse pathological finding in biopsy fragments
from the tumor bed; and in other two cases (T2b), endo-
scopic surgery was initially planned as a cytoreduc-
tion tool for bulky tumors in patients who refused open
surgery for increasing chances of successful radiation
treatment.

Laser ablation/vaporization of the tumor was per-
formed in all carcinoma cases, being preceded by dia-
thermy snare excision in 12 cases (50%). The number of

Fig. 3 a Glottic papillornatosis (before OBLS). b Four months after OBLS (DEX + LA) of glottic papillomatasis
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Table 8 Follow-up period without disease recurrence in patients
with LP after OBLS

The recurrence-free follow-up period after OBLS No. of
patients

Upto 1 year 3

1-3 years 7

3-5 years 2
5-10years 5

10-15 years 2

15-20 years 5

Totally 24

treatment sessions varied from 1 (n1=13 (54.2%)) to 3
(n=1) (average—1.5).

Tumor recurrence was revealed in 1 case (4.2%) after
10 months from endoscopic laser ablation of T2b glot-
tic carcinoma, and the recurrent tumor was managed
by repeated laser ablation in an office-based setting with
subsequent postoperative RT. Larynx preservation was
obtained in all the patients. Ultimate disease control by
OBLS alone was achieved in 19 (79.2%) patients, and the
recurrence-free follow-up period from the last organ-
sparing intervention ranged from 4 to 270 months, with
amean of 72.5191.7 months and a median of 16 months
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(IQR=133.5). One-third of the patients (33.3%) were fol-
lowed up for over 5 years (Table 11).

Fourteen patients presented mild postoperative dys-
phonia, 5 patients presented moderate dysphonia, and 5
patients presented severe dysphonia.

There were no complications during the operation. All
the therapeutic procedures were completed in an office-
based setting, without referrals to OR surgery. All treated
patients were discharged home 1-2 h after the procedure.

Discussion

Transoral microsurgery (TOMS) under general anes-
thesia with myorelaxation, being the mainstay in the
treatment of laryngeal lesions, beside many indubitable
advantages (great cutting precision, possibility to assess
margins of resected specimen, etc.) has also some disad-
vantages, including time delay to diagnosis and treatment
due to scheduling, dental damage due to rigid laryngo-
scopy, and health risks associated to general anesthesia
[91.

Office-based laryngeal surgery (OBLS) has been a
trend in development in modern laryngology for about
2 decades. According to Zeitels and Burns, office-based
laryngeal laser surgery was instituted in 2001 and first
discussed at the American Laryngological Association in
2003 [1]. Karatayli-Ozgursoy et al. mentioned as a trend

Fig.4 aTla glottic carcinoma diagnosed 2 years after cold eradication of glottic papifloma. b Six months after flexible endoscopic diode aser

ablation of glottic carcinoma: no visible lesions

/

Fg.5 alaryngeal leukoplakia (before OBLS). b Five months after laser ablation of laryngeal leukoplakia: no visible lesions

104



Gurau et al. The Egyptian Journal of Otolaryngology ~ (2025)41:122

Table 9 Endoscopic techniques used for the eradication of HLL

Endoscopic techniques No. of patients (%)
Cold surgery (by forceps} 134%)

Laser ablation 24 (82.8%)

Cold surgery + Laser ablation 2 (69%)

Diathermy snare excision + Laser ablation 2{65%)

Totally 29(100%)

Table 10 Follow-up period without disease recurrence in
patients with HLL after OBLS

The recurrence-free follow-up period after OBLS No. of
patients

Upto 1 year n

1-3 years 7

3-5 years 1
5-10years 1

10-15 years 5

15-20 years 3

20-25 years 1

Totally 29

Table 11 The disease-free follow-up pericd in patients with
glottic carcinoma from the last OBLS

The disease-free follow-up period from the last organ- No. of
sparing surgery patients
Upto 1 year 5

1-3 years 10

3-5 years 1
5-10years 1

10-15 years 2

15-20 years 2

20-25 years 3

Totally 24

transitioning patients with recurrent disease to the office
for the treatment with angiolytic lasers after initial oper-
ating room surgery [10]. Nowadays, it is estimated that
more than 15% of laryngeal operations are carried out in
office-based settings, and the number of in-office proce-
dures is growing due to many related benefits [11].
Mentioned advantages of OBLS include lack of hos-
pitalization; more rapid diagnostic process; a minimally
invasive therapeutic alternative in patients with contrain-
dications for general anesthesia and inaccessibility of a
lesion by rigid endoscopy because of anatomic difficulties
(e.g., limited neck extension, dental limitations); avoiding
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of risks of general anesthesia and direct laryngoscopy;
suitability for patients with comorbidities; inclusion of
patients not suitable for general anesthesia; optimal set-
ting for highly recurrent diseases; better visualization of
all laryngeal subsites; overcoming the oral tissues that
are prone to trauma during direct laryngoscopy; reduced
recovery time; minimal morbidity; safety, reduced health
risks largely due to avoiding general anesthesia; cost sav-
ings; time efficiency, reduction in operating time, patient
ability to walk away from the office with no life restric-
tion and even to return to work almost immediately after
finishing the procedure, easier planning, short waiting
list; ability to assess phonatory outcome in real time;
and strong patient’s preference for office-based setting
[7, 9, 11-15]. For some patients, in case of high risk for
general anesthesia, awake laryngeal surgery can be the
only available treatment option [9, 16]. The only abso-
lute contraindication for OBLS is a compromised airway
[9]. According to Lahav et al., 90.2% of office-based laser
procedures were well tolerated and completed [4]. Office-
based procedures under topical anesthesia are known
to present significantly less cardiovascular morbidity
compared to procedures under general anesthesia [17].
Lahav et al. did not find any interconnections between
such comorbidities as hypertension, ischemic heart dis-
ease, and chronic obstructive pulmonary disease and in-
office laser treatment completion. The authors consider
this finding very important because these patients often
have an increased risk for general anesthesia and, there-
fore, may be considered good candidates for OBLS [4]. In
a study by Rees et al,, the authors mentioned 54 patients
who underwent both OBLS and previous OR surgery for
the same pathology. In this group, 87% of patients stated
they preferred in-office unsedated PDL surgery over sur-
gery in the OR, and 83% of patients reported more com-
fort with unsedated OBLS than with OR surgery under
GA [18]. Rees et al. mentioned more than $5000 cost sav-
ings per case in performing OBLS using PDL for laryn-
geal papillomatosis [19]. Hospital cost reduction of up to
95% per procedure was mentioned, comparing in-office
procedures under topical anesthesia to similar proce-
dures performed under general anesthesia [20].

The benefits of OBLS are most evident for diseases
that have a high tendency for recurrence, such as non-
specific granulomas, recurrent respiratory papillomato-
sis (RRP), and HLL (leukoplakia, dysplasia, etc.), that are
likely to require multiple interventions [4, 21]. For these
patients, avoiding repeated surgeries in the OR under
GA is of major importance. Kuet and Pitman mentioned
that before the era of OBLS, because of the risks related
to general anesthesia and direct laryngoscopy, patients
with RRP usually waited until the disease symptoms
(dysphonia and dyspnea) were severe enough, enduring
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significant chronic morbidity, before deciding to undergo
surgery in the OR. Because of the advantages of OBLS
(safety, time efficiency, etc.), the threshold for the deci-
sion for surgery has been lowered, and patients often
prefer to be treated when symptoms are minimal. A fol-
low-up exam and surgery can be performed in a single
office visit, and patients can return to their life schedule
the same day. Hence, OBLS, being performed for a lim-
ited lesion, shifted the treatment paradigm, resulting in
decreased morbidity of both OBLS and the disease itself
[3].

Rosen et al, in a review publication, mentioned that
the term “office-based setting” is also applied for proce-
dures that are performed in a hospital-based endoscopy
suite, provided key elements of the office-based treat-
ment concept are maintained [22]. Among a variety of
techniques and tools that are applied in OBLS, the use
of biopsy forceps, introduced through the working chan-
nel of the flexible endoscope, to remove vocal nodules,
polyps, and granulomas was mentioned [9]. Most of the
publications on OBLS have been dedicated to using two
angiolytic lasers: 585 nm pulsed-dye laser (PDL) and
532 nm pulsed-potassium-tetanyl-phosphate (KTP) laser.
In 2018, a new 445 nm blue diode angiolytic laser was
launched that seems to gradually replace the former two
mentioned lasers, demonstrating similar treatment out-
comes when compared to the KTP laser [4, 6, 7]. Angi-
olytic lasers (PDL, KTP, blue laser) are highly absorbed
by oxyhemoglobin and cause photocoagulation of suble-
sional or intralesional microvasculature, with subsequent
lesion regression/involution. In the case of subepithelial
lesions, the epithelium is not vaporized, which leads to
superficial lamina propria (SLP) protection and main-
taining the pliability of the vocal folds for better vocal
outcomes [1]. Zeitels et al. proposed a 4-level grading
scheme for delineating the degree of lesion resolution:
0% to 50%, 51% to 70%, 71% to 99%, and 100% [2]. The
available publications concerning OBLS using angiolytic
lasers are mostly dedicated to managing benign and pre-
malignant laryngeal lesions.

Benlign leslons

Hamdan and Ghanem presented their experience using
the blue laser (445 nm) for different vocal fold lesions and
reported complete regression of lesions in 50% of cases
[23]. In another study, Hamdan et al. reported complete
regression after blue laser in-office treatment in 76% of
cases (13/17) for vocal fold polyps and in 33% of cases
(21/33) for RE [24]. Filauro et al. mentioned compara-
ble efficacy of office-based procedures to the standard
microlaryngoscopic approach for vocal fold polyps and
RE and documented a complete regression of RE in 85.7%
of patients treated with blue laser in the office [7]. Abi

Page 80of 12

Zeid Daou et al,, in a systematic review article on OBLS
in vocal fold polyps, mentioned the complete regression
rate of vocal fold polyps between 27.6% and 96.8% across
different studies and concluded that OBLS is a reliable
alternative to classical phonomicrosurgery [25]. Chad-
wick et al. reported comparable voice outcomes of in-
office photoangiolytic KTP laser treatment for vocal fold
polyps to traditional excision using transoral microlaryn-
goscopy in the OR regardless of polyp size [5]. There are
also proposals for using an angiolytic laser in combina-
tion with flexible endoscopic forceps for removing vocal
fold polyps and granulomas to achieve an earlier thera-
peutic effect |26, 27].

Hyperplastic laryngeal leslons (HLL)

Koufman et al. reported that 80% of patients (20/25) with
glottic leukoplakia did not require further treatment
after PDL treatment [13]. Zeitels et al. reported 75-100%
lesion regression in 62% of 29 patients with glottic dys-
plasia using KTP laser [2]. Hamdan et al. reported the
first case series on vocal fold leukoplakia (10 patients and
12 lesions) treated with blue laser in an office-based set-
ting, mentioning complete lesion regression in 75% of
cases (9/12) [28].

Laryngeal paplilomatosis (LP)

The goal of surgery for LP is to reduce disease severity,
improve voice quality, and maintain a patient airway,
the unpredictable recurring and remitting natural his-
tory of the disease being a challenge for any study of LP
treatment efficacy [3]. Photoangiolytic (PDL, KTP) laser
treatment was shown to result in disease regression
and improvement of voice quality [3]. Del Signore et al.
pointed out that 50% of patients with LP treated with
angiolytic lasers (PDL or KTP) needed follow-up treat-
ments [29]. Mao et al. reported their experience using
KTP laser in an office-based setting for LP with complete
disease resolution in 66.7% of cases with follow-up rang-
ing from 13 to 81 months [30].

Some authors consider that premalignant recurrent
lesions, such as papilloma and leukoplakia/dysplasia,
should be initially treated in the operating room under
general anesthesia for biopsy in order not to omit carci-
noma [12, 31]. On the other hand, Omori et al. consider
that suspension laryngoscopy under general anesthesia is
too invasive to be used only for a biopsy of the laryngeal
lesion [32].

A disadvantage of photoangiolytic laser treatment is
the lack of a clear endpoint, resulting in suboptimal treat-
ment that requires repeated unplanned surgeries in about
20% of cases [29]. The treatment strategy using angiolytic
lasers is aimed at obtaining lesion involution/regression
rather than obtaining immediate lesion removal/ablation.
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Lesion regression can take several weeks (4-5 weeks or
more) [5, 33]. Hence, some authors stated that bulky
benign lesions, such as Reinke's edema, are not suitable
for OBLS using angiolytic laser because of the risk of air-
way obstruction and recommended OR surgery under
GA for these cases [7, 33]. Lahav et al. also mentioned
that bulky lesions (papillomas) should be carefully con-
sidered for in-office treatment, as it may be difficult to
deliver enough laser energy to address the lesion [4]. Bar
et al. mentioned limited working time after local anesthe-
sia of the larynx as a limitation of in-office procedures.
Hence, if a lesion requires longer operative time or the
patient is not compliant enough, surgeons may not have
enough time to complete the treatment [11].

There is a lack of information about using other types
of lasers and different treatment approaches in OBLS
for neoplastic laryngeal lesions. In contrast to many
researchers who reported treatment results as a percent-
age of regression of the lesion, Wellenstein et al. con-
sider that the goal of in-office treatment, except for LP,
should be complete removal of the lesion to avoid addi-
tional treatment and to be a valid alternative to surgery
in the OR [15]. The authors presented their experience
using CO, laser in an outpatient setting in 27 patients
with benign and premalignant laryngeal lesions and men-
tioned that 66% of the treated patients, including 63% of
patients with leukoplakia/hyperkeratosis (10/16), did not
have residual/recurrent disease and did not require fur-
ther treatment [15]. Hu et al. reported complete remis-
sion in 82% of patients with leukoplakia (9/11) treated
with CO, laser in an office-based setting [34]. There is
very scarce information on using thulium laser in OBLS
[13, 35, 36]. As an alternative to photoangiolysis with
subsequent lesion regression, vaporization of the lesion
using KTP laser, CO, laser, and thulium laser in an office-
based setting was reported [4, 34, 36].

Mallgnant laryngeal leslons

There is a lack of publications related to OBLS for malig-
nant laryngeal lesions. Wellenstein et al,, in a review
article, stated the absence of studies on OBLS for glottic
carcinoma and mentioned that the oncological effective-
ness of OBLS remains unknown [9]. In another study,
Wellenstein et al. admitted that in patients with small
(T1a) glottic carcinoma with severe comorbidities or
an inaccessible lesion during rigid microlaryngoscopy,
OBLS could be an alternative [15]. Lahav et al,, in an arti-
cle analyzing 5-year outcomes of OBLS using KTP laser
for different laryngeal pathologies, mentioned a group of
patients with prior malignant lesions previously treated
in the OR under GA (#=30) that underwent in-office
laser procedures for suspected residual/recurrent lesions.
‘The authors stated that establishing the role of in-office
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laser surgery in the oncologic setting is challenging and
suggested that in-office procedures should be avoided in
patients who failed radiation therapy and in patients with
anterior commissure disease [4]. Hamdan and Ghanem
stated that they do not advocate in-office blue laser ther-
apy in laryngeal cancer until a large prospective study is
conducted [23]. Lechien et al. stated that using KTP laser
for malignant laryngeal lesions is still controversial [21].
Wellenstein et al. mentioned the lack of studies compar-
ing the effectiveness of different lasers for specific laryn-
geal lesions [9].

In accessible English literature, we have not found any
references on using Nd:YAG laser, 980 nm diode laser,
and diathermy snare in OBLS. We have also not come
across any studies related to treating primary glottic car-
cinoma in an office-based setting. To our knowledge, this
is the first study that presents a series of patients with
primary glottic carcinoma treated in an outpatient set-
ting (n= 24), including 79.2% of patients followed up over
a year, and 33.3% of patients followed up over 5 years.

We share the above-mentioned opinion of Wellen-
stein et al. [15] and consider complete removal/eradi-
cation of the visible lesion (even for LP) as a goal of the
office-based treatment. As shown in the previous sec-
tion, we used biopsy forceps for cold eradication/removal
of laryngeal lesions in 138/362 cases (38%) (for BL — in
44.9%, for LP — in 29.2%, and for HLL - in 10.3%). We
applied diathermy snare excision for treating various
types of lesions in 159/362 cases (43.9%)(for BL — in
49.5%, for LP — in 16.7%, for HLL — in 6.9%, and for glot-
tic carcinoma — in 50%). In our opinion, using diathermy
snare excision allows for a significant shortening of oper-
ative time, which is very important for increasing treat-
ment completion rate [11, 22]. Another advantage of
this technique is the possibility to apply OBLS for bulky
lesions, such as advanced RE, cysts, bulky papillomas,
etc., which is one of the main limitations of traditional
office-based nonablative techniques, and to increase
procedure safety (Fig. 6). We find the diathermy snare
particularly useful for establishing the diagnosis of ver-
rucous carcinoma in an office-based setting because of
a thick layer of keratin on the tumor surface and major
difficulties in obtaining adequate biopsy specimens by
traditional forceps biopsy [37]. Laser vaporization of the
laryngeal lesion was applied, mainly for treating prema-
lignant and malignant lesions (for LP—in 79.2% of cases,
for HLL — in 96.6% of cases, and for glottic carcinoma
— in 100% of cases). Nd:YAG laser has been successfully
used for many years in interventional bronchoscopy but
has not gained wide acceptance in laryngology, mainly
because of concerns related to its higher, compared to
other lasers, penetration depth, and collateral thermal
damage of tissues [22]. We applied laser vaporization for
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Fig.6 aBilateral Reinke's edema (before O8LS). b Diathermy snare excision of the polypoid lesion of the left vocal fold. ¢ Three months

after diathermy snare excision of RE

BL in 24.6% of cases and as a main tool, only in 7.7% of
cases. Our policy is to use the laser as a main/first-line
tool only for flat, extended lesions. Whenever possi-
ble, we prefer to use the laser in combination with other
techniques (prior cold removal by forceps or diathermy
snare excision) as a second-line tool for vaporizing only
the residual lesion. This approach prevents transmitting
large amounts of laser energy to the treated tissue and,
therefore, reduces the risk of collateral tissue injury. In
treating malignant lesions, we consider the increased
penetration depth of a laser as an advantage that allows
good vessel coagulation for better hemostasis and vapori-
zation of large amounts of tissue for efficient debulking.
We used the Nd:YAG laser for most of our premalignant
and malignant cases. Recently (from 2022), we started to
use the 980 nm diode laser that has replaced the Nd:YAG
laser in our office-based practice. The 980 nm diode laser
is equally absorbed in oxyhemoglobin and water, has
excellent coagulation properties, and allows the vaporiza-
tion of large amounts of tissue. We applied the 980 nm
diode laser in 20 patients (LP—2, HLL—4, glottic carci-
noma—14). From our experience, with appropriate set-
tings, the 980 nm diode laser has a similar therapeutic
effect to the Nd:YAG laser. The laser ablation technique's
disadvantage is the impossibility of assessing the margins
of the resected specimen. However, close follow-up and
the “wait and see” strategy for early detection of possible
tumor recurrence can partially compensate for this.

We find the obtained results encouraging and compa-
rable with the possibilities of traditional OR surgery in all
three groups of patients. Therefore, we share the opinion
of Wellenstein et al. [9] that OBLS is the future for rapid
medical diagnosis and treatment, with minimal health
risks for patients.

Limitations of the study

As limitations of the study, we mention the retrospective
nature of the study, the lack of a control group, the rela-
tively small number of patients with premalignant and

malignant lesions, a relatively short period of follow-up
for some patients, and the lack of either objective meas-
urements or thorough subjective measurements on voice
quality (e.g., VHI score) that should be further evaluated.

Conclusions

OBLS using Nd:YAG laser, 980 nm diode laser, diathermy
snare, and flexible biopsy forceps can be considered as an
alternative to traditional OR endoscopic laryngeal sur-
gery for benign, premalignant, and malignant laryngeal
lesions in selected patients. The proposed techniques
allow for overcoming some limits of previously proposed
methods and demonstrate the applicability of OBLS even
for bulky lesions and primary malignant lesions, espe-
cially in patients with risks and contraindications for
general anesthesia and direct laryngoscopy. Large pro-
spective studies, including a large number of patients
with longer follow-up periods, are worthwhile for validat-
ing the described approach and categorical conclusions.
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Flexible Endoscopic Approach to Glottic Carcinoma: Five-Year

Oncological Outcomes

*Petru Gurau, and 'Oleg Amaut, # Chisindu, Republic of Moldova

Summary: Objective. The objective of this study was to demonstrate the long-term oncologic efficacy of
flexible endoscopic laryngeal surgery (FELS) in treating TI-T2 glottic carcinoma.

Methods. From 134 patients who underwent FELS, 90 patients (males—82, females—8), aged 18-83
(mean—356.9 £ 10.7) with early glottic carcinoma (T1a—27, TIb—24, and T2—39) were included in the study.
Fifty-seven patients (63.3%) underwent FELS under local anesthesia with spontaneous ventilation, the rest of
the patients were operated on under general anesthesia with superimposed high-frequency jet ventilation
(SHFJV). Tumor ablation by Nd:YAG laser was performed in all the cases. preceded by diathermy snare
excision in one-third of cases. In 20 of the T2 cases, adjuvant radiotherapy (RT) was performed.

Results. Five-year overall survival and ultimate disease control, including salvage treatment, was obtained in
82/90 patients (91.1%), cure with larynx preservation—in 88.9% of cases, disease-free survival—in 83.3% of
cases, and ultimate local control with FELS alone—in 86.7% of cases. The best 5-year oncological results were
obtained in the Tla group of treated patients, all the patients being alive and free of disease with the preserved
larynx due to FELS alone. There was no evidence of better oncological results by FELS under general an-
esthesia with SHFJV over FELS under local anesthesia with spontaneous ventilation. Anterior commissure
(AC) involvement worsened the treatment results. Adjuvant RT did not demonstrate an improvement of on-
cological results in the T2 group of patients.

Conclusions. FELS demonstrates oncological outcomes that are comparable to RT and transoral laser mi-
crosurgery and can be considered an oncologically efficient method of treatment of T1-T2 glottic carcinoma.
Awake FELS is not inferior to FELS under general anesthesia with SHFJV concerning oncological efficacy.
More studies on a bigger clinical material are necessary for definitive conclusions concerning the impact of AC
affection and adjuvant RT on the oncological results.

Key Words: Glottic carcinoma-Nd:YAG laser-Flexible endoscopy-Endoscopic laser surgery-Office-based

laryngeal surgery.

INTRODUCTION
Larynx carcinomas represent about 30-50% of all head and
neck cancers." About 75% of laryngeal carcinomas are
confined to the glottic region.™ The majority of patients
(75-80%) present with early glottic carcinoma.’ Early
glottic carcinoma is usually defined as Tis, T1, and T2a
disease (with unimpaired vocal cord mobility).*"

Open partial laryngectomy (OPL), radiotherapy (RT), and
transoral laser microsurgery (TOLMS) with CO, laser
showed comparable oncological outcomes in the treatment of
early glottic carcinoma.” Nowadays, OPL is falling out of
favor and is performed less and less for early glottic carci-
noma, mainly because of high morbidity, and is reserved for
more advanced disease.”'” External beam radiation (EBR)
and TOLMS with CO; laser are the main treatment methods
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of T1-T2 glottic carcinoma, and the controversy between
these two methods continues. The choice of treatment
strategy varies among countries and institutions and largely
depends on the surgeon and patient’s preference and the
availability of the equipment. The shortcomings of RT are the
long duration of the treatment, increased costs, related com-
plications (hypothyroidism, carotid artery narrowing, lar-
yngeal chondronecrosis, and xerostomia), induction of second
malignancy in the radiation area, and the impossibility of
repeated EBR for recurrent or new primary head and neck
malignancy.'""* TOLMS that has replaced OPL as the pri-
mary surgical treatment of early glottic carcinoma also has
limitations, mainly related to difficult anatomy and in-
adequate lesion exposure, and also due to mandatory larynx
suspension and general anesthesia with myorelaxation that is
risky or contraindicated for some categories of patients
(eg. tooth mobility or dental prosthetic work in the anterior
maxillary region, ischemic cardiovascular disease). """
Flexible endoscopic laryngeal surgery (FELS) could poten-
tially overcome some of the abovementioned limitations of
TOLMS and could be an alternative for patients who prefer
office-based surgery.

The objective of this study was to evaluate the long-term
oncologic efficacy of FELS in the treatment of T1-T2 glottic
carcinoma and its relationship with tumor stage/extension,
anterior commissure (AC) involvement, method of an-
esthesia/ventilation, and adjuvant treatment application.
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MATERIALS AND METHODS

This paper was approved by the Institutional Ethical
Committee of “Timofei Mosneaga™ Republican Clinical
Hospital (Ref. N® 07/2023). This is a retrospective study.
FELS was performed on 134 patients with TI-T2 glottic
carcinoma in the period from 1993 to 2023. All surgical
procedures were performed by a single surgeon. Written in-
formed consent was obtained from the patients. The fol-
lowing selection criteria were used for the study: (I)
consecutive patients with TI-T2 N0, M0 glottic carcinoma
without impairment of vocal cord mobility, (2) the follow-up
period of 5 years. For this reason, 44 patients were excluded
from the study (Figure |): 22 patients were under observation
less than 5 years after the surgery, seven patients were lost
to follow-up before 5 years from the surgery (<1 year—I,
1-2 years—2, 2-3 years—1, 34 years—2, 4-5 years—1),
and 15 patients died from unrelated reasons before 5 years
of follow-up (<1 year—2, 1-2 years—I, 2-3 years—6,
34 years—4, 4-5 years—2).

FELS was performed using a therapeutic flexible
bronchoscope with a 2.6- to 3.0-mm working channel,
flexible guide-based Nd:YAG laser (wavelength—1064
nm), a diathermy snare, and flexible biopsy forceps. All

endoscopic accessories were delivered to the target lesion
through the working channel of the flexible bronchoscope.
When the intervention was performed with spontaneous
ventilation under local anesthesia and mild/moderate in-
travenous sedation, patients were treated in a sitting up-
right position. A flexible bronchoscope was introduced
transnasally to the larynx. Topical anesthesia of the larynx
mucosa was performed with Lidocaine 2% instilled during
phonation, producing a laryngeal gargle. Photoablation of
flat and infiltrative lesions was performed in continuous
near-noncontact mode with power settings of 20-40 W. In
some cases, diathermy snare excision of the bulky exo-
phytic component of the tumor was performed before laser
ablation (Figure 2). When necessary, repeated treatment
sessions were performed at intervals of 2-7 days. Control
biopsy from the tumor bed was performed at follow-up
flexible laryngoscopy only in case of suspicion of persistent/
recurrent tumor. When the intervention was performed
under general anesthesia with superimposed high-fre-
quency jet ventilation (SHFJV), the flexible bronchoscope
together with accessories was introduced through the rigid
suspensive jet laryngoscope (“Carl Reiner,” Austria).
Awake procedures with spontaneous ventilation were

carcinoma without vocal cord mobility impairment

Assessed for eligibility (n=134) patients who underwent flexible
endoscopic laryngeal surgery from 1993 to 2023 for T1.T2 NOMO glottic

Excluded (n-44)

o Less than 5 years time interval after the surgery (n=22)
pr— ¢ Died from unrelated reasons under 5 years from the surgery (n=15)
o Lost to follows=up before $ years from the surgery (n=7)

Analyzed patients (n=90). Results at 5 years of follow=up

disease (n=82)

Alive and free of Dicd of discase (n=8)

FIGURE 1. Inclusion and exclusion criteria for study participants and outcome summary.
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FIGURE 2. FELS for glottic carcinoma. A. Initial tumor appearance. B. Diathermy snare excision. C. Laser ablation. D. Four months

after endoscopic treatment.

chosen in cases of contraindications or major risk for
general anesthesia with myorelaxation and/or transoral
microsurgery, the patient's desire to undergo an awake
endoscopic surgery, and patient compliance and ability to
tolerate the awake procedure. The grade of patient com-
pliance was estimated before the surgery during the diag-
nostic flexible laryngoscopy with a biopsy of the lesion by
flexible forceps.

The data were recorded using Microsoft Office Excel 2007
(Redmond, WA). The data analysis was performed using the
open-source programming tools RStudio (https://www.
rstudio.com/) and Python (https//www.python.org/), en-
suring the reproducibility of the statistical analysis. For the
numeric variables, the five basic indicators were estimated:
the mean value with standard deviation, the median value
with interquartile range, the minimum value, and the max-
imum value, supplemented by 95% CI for the mean, these
indicators being part of the descriptive statistics, either for
the examined cohort or for the groups formed in the com-
parative evaluation of the examined groups. The compara-
tive evaluation for numeric variables was performed using
nonparametric tests depending on the number of groups and
relationships between the groups (the Wilcoxon-Mann-
Whitney test for dependent and independent groups or the
Kruskal-Wallis test for independent groups, with multiple
comparisons and Holm corrections being applied when ne-
cessary). For qualitative variables, relative frequencies were
estimated, supplemented with 95% confidence intervals as
well as absolute frequencies. Hypothesis testing for catego-
rical data was performed using Pearson’s chi-square test,
Monte Carlo variant (100,000 samples). For all the statis-
tical tests described above, the threshold value (a) was
considered to be 0.05.

The following 5-year oncological outcomes of FELS
were analyzed:

— Overall survival (OS):

- Ultimate disease control, including salvage treat-
ment (UDC);

— Disease-free survival (DFS)/disease control without
recurrence: the endpoint for DFS was the date of the
first locoregional recurrence;

- Local control (LC): the disappearance of the primary
tumor and regional lymph node metastases without

any locoregional recurrence: the endpoint for LC was
the date of the first locoregional recurrence:

— Local recurrence (LRc): LRc included recurrent pri-
mary tumors (revealed > 6 months after the treat-
ment) and persistent primary tumors (revealed
<6 months after the treatment);

— Death of disease (DD);

— Cure with larynx preservation (CLP);

~ Ultimate disease control with FELS alone
(UDC FELS).

The voice outcome after the treatment was assessed by
scoring on a scale representing the patient's appreciation as
follows: satisfactory voice/mild dysphonia, moderate dys-
phonia, and severe dysphonia.

RESULTS
Ninety patients met the selection criteria for the study
(Figure 1): males (n=82), and females (n=8), aged 18-
83 years (mean 56.9 £ 10.7 years). The histological struc-
ture of the tumors was represented by squamous cell car-
cinoma—71 (78.9%), verrucous carcinoma—15 (16.7%),
hybrid verrucous carcinoma—2 (2.2%), and spindle cell
carcinoma—2 (2.2%). Primary tumors were registered in 84
(93.3%) cases, and six patients (6.7%) presented with re-
current (n = 3) or persistent (n = 3) tumors after RT failure.
According to the tumor extent, 27 patients (30.0%) had Tla
stage, 24 patients (26.7%)—TI1b stage (vocal fold carci-
noma with AC involvement was considered as T1b stage).
and 39 patients (43.3%)—T2 stage of disease (due to su-
praglottic or/and subglottic extension of the tumor without
impairment of vocal cord mobility). The AC involvement
was registered in 60 cases (66.7%).

In 70 cases (77.8%). only endoscopic treatment was ap-
plied, and in 20 cases (all of them—T2), postoperative
narrow-field RT was also offered. The reasons for offering
adjuvant RT for a part of T2 tumors were the following: (1)
a large infiltrative tumor with extension to the AC (FELS
was initially considered as a means of cytoreduction for
increasing the efficiency of EBR), (2) lack of surgcon's
confidence concerning oncological adequacy of the abla-
tion, and (3) adverse pathological findings in biopsy frag-
ments from tumor bed.
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The following endoscopic techniques were applied:
Nd:YAG laser ablation as a single technique—in 60
(66.7%) cases, and laser ablation preceded by diathermy
snare excision of the tumor—in 30 (33.3%) cases. Awake
interventions with spontaneous ventilation were performed
in 57 (63.3%) patients, and general anesthesia with SHFJV
was used in 33 (36.7%) cases.

There were no complications during or after FELS in-
terventions. Five-year OS and ultimate disease control,
including salvage treatment, was obtained in 82/90 patients
(91.1%). Cure without recurrence (LC)YDFS was achieved
in 75 cases (83.3%). Primary tumor recurrence/persistence
was registered in 13 (14.4%) cases. In 11/13 (84.6%) cases.
disease recurrence occurred during 2 years after surgery
and in two cases—afler 4 years. Successful salvage treat-
ment for recurrent disease was registered in 7/13 (53.8%)
patients: three patients underwent repeated FELS, salvage
RT was offered to one patient, OPL was performed in one
case, and two patients underwent total laryngectomy.
Death of disease was registered in 8/90 cases (8.9%).
Primary tumor progression was observed in six of these
cases and regional metastatic disease without recurrence of
the primary tumor—in the other two cases. Cure with
larynx preservation was obtained in 80/90 (88.9%) cases.
Ultimate disease control with FELS alone (without salvage
RT or/and open surgery) was achieved in 78/90 (86.7%)
patients.

The best results were obtained in the Tla group of
treated patients (all the patients were alive, free of disease
with the preserved larynx). followed by the Tlb and T2
groups (Table 1). AC involvement worsened the treatment
results, though the obtained data did not reach the statis-
tical significance (Table 2).

General anesthesia with myorelaxation and SHFJV did
not show any advantage over local anesthesia with spon-
taneous ventilation concerning oncological outcomes
(Table 3).

Our expectation concerning the combination of FELS
with adjuvant RT for T2 lesions was to reach better on-
cological outcomes than with FELS alone, but the obtained
data did not support this hypothesis. The results in the
group with combined treatment appeared to be even a little
bit worse than in the group treated by FELS alone, to
mention UDC/OS and DD (Tables 4 and 5).

The voice outcome mainly depended on the tumor extent
and, particularly, on the AC involvement that impaired the
quality of the voice. In the majority of patients with Tla
lesions (77.8%), a satisfactory voice quality/mild dysphonia
was registered (Table 6). None of the follow-up patients
with preserved larynx had regrets about their treatment
choice, regardless of the voice quality.

DISCUSSION
Nowadays, there is no consensus about the primary treat-
ment approach to early glottic carcinoma. The choice of
treatment method varies among countries and institutions
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TABLE 1.

Statistic test P value*

95% CI

Tib, n=24 95% CI T2, n=39

95% CI

Tia, n=27

Overall (T1-T2), n=90 95% CI

82 (91.1%)

0.027
0.12
0.063
0.029
0.027
03

QS, overall

7.2
4.2
5.9
741
7.2

23

of

61%, 88%
64%, 90%
67%, 92%
5.9%, 30%
7.8%, 33%

70%, 94%

32 (82.1%)
29 (74.4%)
30 (76.9%)

31 (79.5%)
7 (17.9%)

—~ 0.73%, 26% 8 (20.5%)

88%, 104%
74%, 101%
81%, 103%
81%, 103%
~ 3.8%, 12%

21 (87.5%)
22 (91.7%)

100%, 100% 22 (91.7 %)
0.00%, 0.00% 1 (4.2%)
~ 2.5%, 17% 3 (12.5%)

100%, 100% 23 (95.8%)

83%, 102%
89%, 103%

85%, 97% 27 (100.0%)
76%, 91% 25 (92.6%)
80%, 94% 26 (96.3%)
82%, 95% 27 (100.0%)

7.2%, 22% 2 (7.4%)
interval; CLP, cure with larynx preservation; DD, death of dissass; DFS, dsesse-free survival; LC, local

3.0%, 15% 0 (0.0%)

75 (83.3%)
80 (88.9%)
8 (8.9%)

13 (14.4%)

UDC FELS 78 (86.7 %)

uDC/os
LC/DFS
DD

LRc

CLP

I; LRe, bocal

L

CL
survival; UDC, ultimate disease control; UDC FELS, ultimate disease control with FELS alone.

Ahh

Peason's chi-squared test.
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Five-Year Results of T1-T2 Glottic Carcinoma Management, Related to Method of Treatment

TABLE 4.

95% ClI Statistic test Pvalue*

FELS+RT, n =20
15 (75.0%)
14 (70.0%)
15 (75.0%)
15 (75.0%)

5 (25.0%)

FELS, n=70 95% CI

95% Cl

Overall (T1-T2), n=90

82 (91.1%)
75 (83.3%)
78 86.7%)
80 (88.9%)
8 (8.9%)

13 (14.4%)

Results

0.015
0.14
02
0.066
0.015
0.2

5.9
22
1.9
3.4
59
14

6.0%, 44%
6.0%, 44%

56%, 94%
50%, 90%
56%, 94%
56%, 94%

5 (25.0%)

Abbreviations: Q, con fidenca interval ; CLF, cure with laryn x presarvation; DO, death of disease; DFS, diseasefree survival; LC, local contrad ;LRe, local recurrence; n, number of patients; 0S, overall survval;

UDC, ultimate disesse control; UDC FELS, ultimate dissase control with FELS abne.

~ 0.46%, 9.0%

91%, 100%
4.0%, 19%

79%, 95%

87%, 99%

83%, 97%

67 (95.7%)
61 (87.1%)
63 (90.0%)
65 (92.9%)
3 (4.3%)

8(11.4%)

76%, 91%

85%, 97%
80%, 94%
82%, 95%
3.0%, 15%
7.2%, 22%

uDC/0S
LC/DFS
uDC FELS
CLP
DD
LRe
Pearson's chi-squared test.

and considerably depends on the surgeon and patient’s
preference and the availability of the equipment. The rate
of occult neck metastases for early glottic cancer is less than
10%, and it is now generally agreed that prophylactic
treatment of the neck is not necessary if the tumor is
classified radiologically as N0.”

Radiation therapy, TOLMS, and OPL demonstrate high
and comparable cure rates, % but all the abovementioned
treatment methods have shortcomings. In the selection of
treatment modality, several factors are taken into con-
sideration: treatment duration, treatment cost, general
medical condition of the patient, posttreatment voice out-
come, preservation of future treatment options, and pa-
tient’s preference for radiation or surgery.”'

OPL results in local control of 91-98% for T1 glottic
carcinoma and 84-86% for T2 lesions.” The shortcomings
of OPL include (1) major surgical trauma, implying cutting
normal anatomic structures (muscles. nerves, vessels,
and cartilages) and resulting in postoperative pain and
edema; (2) temporary tracheostomy (5-18 days): (3) tem-
porary nasogastric tube placement due to swallowing im-
pairment and aspiration episodes: (4) long hospitalization
time (22-35 days): (5) poor postsurgical voice quality: (6)
high rates (up to 51%) of postoperative complications,
many severe (laryngeal stenosis, pneumonia, and perio-
perative dea(hs).*—"“":" Because of the abovementioned
reasons, OPL presently is falling out of favor and is per-
formed less and less for early glottic carcinoma, and is re-
served for more advanced disease.”"”

Radiation therapy is still preferred for early carcinoma
treatment in many institutions, demonstrating 80-90% cure
rates for Tis-T1 glottic lesions.”’ The drawbacks of RT in-
clude (1) long duration of treatment (6 weeks), associated
with increased medical costs (RT is 2-15.5 times more costly
than TOLMS) and travel commitments' > (2)
radioresistance of some tumors (even small lesions)” ; (3) risk
(up to 17%) of serious long-term complications (xerostomia,
hypothyroidism, skin and salivary gland changes, persistent
glottic edema and erythema, cervical myelitis, accelerated
carotid  artery  stenosis, and laryngeal  chon-
dronecrosis)™'*'**%; (4) risk of development of a second
malignancy, induced by radiation, especially in younger pa-
tients'*!**77; (5) reduced efficiency in bulky tumors™*; (6)
reduced efficiency in AC involvement™%; (7) reduced effi-
ciency in verrucous carcinoma’ and risk of anaplastic
transformation of this type of tumor”; (8) impossibility of
reusing RT in case of recurrent glottic carcinoma or new
primary tumor in head and neck area that can occur in up to
20% of treated patients, limiting further treatment options' ;
(9) difficult and delayed diagnosis of persistent or recurrent
tumors due to persistent postradiation edema’*; (10) difficult
salvage endoscopic laser resection in an irradiated larynx,”
resulting in high rate (75%) of total laryngectomy in case of
radiation failure™ and worse larynx preservation rate, com-
pared with primary endoscopic surgery.”'“***"** Thus, RT is
by far not an ideal primary treatment modality for early
glottic carcinoma, and for Tlis and Tla tumors, it was
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TABLE 5.
Five-Year Results of T2 Glottic Carcinoma Management, Related to Method of Treatment
Overall (T2), FELS, FELS+RT,

Results n=39 95%Cl n=19 95% ClI n=20 95% CI  Statistic test P value”

UDC/OS 32 (82.1%) 70%, 94% 17 (89.5%) 76%, 103% 15 (75.0%) 56%, 94% 0.58 04

LC/DFS 29 (74.4%) 61%, 88% 15 (78.9%) 61%, 97% 14 (70.0%) 50%, 90% 0.07 0.8

UDC FELS 30 (76.9%) 64%, 90% 15 (78.9%) 61%, 97% 15 (75.0%) 56%, 94% 0.00 >0.9

CLP 31 (79.5%) 67%, 92% 16 (84.2%) 68%, 101% 15 {75.0%) 56%, 94% 0.10 0.8

DD 7 (17.9%) 5.9%, 2(10.5%) — 3.3%,24% 5 (25.0%) 6.0%, 0.58 04
30% 44%

LRec 8 (20.5%) 7.8%, 3(15.8%) — 0.61%, 32% 5 (25.0%) 6.0%, 0.10 08
33% 44%

Abb Cl, confid interval; CLP, cure with larynx preservation; DD, death of disease; DFS, disease-free survival; LC, local control; LRc, local

n, ber of pati 0S, overall survival; UDC, ultimate disease control; UDC FELS, ultimate disease control with FELS alone.

* Pearson's chi-squared test.

suggested (even by radiation oncologists) that RT should be
saved for situations of failure of all surgical options.”

Transoral CO; laser microsurgery is considered the gold
standard of surgical management of early glottic carcinoma
that replaced OPL as the primary treatment mod-
ality.“*"* The advantages of TOLMS include (1) limited
surgical trauma and preservation of cartilaginous skeleton
integrity "“; (2) avoidance of tracheotomy’"; (3) short
duration of treatment with no or minimal hospitalization
period’""*; (4) easier and earlier detection of recurrent
tumors than after RT and OPL™"'; (5) uncommonness of
complications other than persisting dysphonia’; (6)
smaller costs (50% or less) compared with RT and
QPL 7172022213940, (7) possibility to be repeated and
availability/preservation of all salvage treatment options in
case of recurrent or second primary tumor, resulting in
better larynx preservation rate, compared with RT.”
SILIE2432333531 yaculik et al in a systematic review and
meta-analysis of T1 glottic cancer treatment outcomes state
that with TOLMS, patients are approximately six times
more likely to preserve their larynx than those treated
with RT."

With the advent of fiber-based laser technologies, other
types of lasers, besides CO; laser, have been used for early
carcinoma treatment in the last two decades. In a review
article, Karkos et al present the advantages of 980-nm
diode laser transoral microsurgery over traditional CO,
laser microsurgery, such as the improved access to distant,
angled, and difficult-to-reach regions, like the AC, due to
its flexible fiber, mentioning similar oncological outcomes
between 980-nm diode and CO, laser systems.” In recent
years, laser ablation, using a fiber-based 532-nm KTP laser,
has been proposed for early carcinoma management as an
alternative to laser resection.™'******* This technique al-
lows better preservation of the vocal fold's architecture and
function. Similar to CO, laser resection. oncological out-
comes and improved voice outcomes are mentioned. ****

TOLMS also has limitations: (1) endoscopic exposure of
the lesion is not possible in some cases because of difficult
anatomy (short neck, insufficient neck extension. large
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tongue base, prominent incisors, retrognatism. tempor-
omandibular joint ankylosis/reduced mouth opening, etc),
resulting either in aborted procedure or inadequate resec-
tion: (2) possibility of tooth damage in case of tooth mo-
bility or dental prosthetic work in the anterior maxillary
region, associated with additional health problems and
costs for the patient; (3) patients with ischemic cardiovas-
cular disease may not tolerate the prolonged laryngoscopic
suspension that stimulates the vagus nerve and may pro-
duce cardiac arrhythmia or silent myocardial infarction: (4)
risks of general anesthesia with myorelaxation, related to
patient comorbidities.**"'"'*!7

van Loon et al, as a result of an investigation of treat-
ment preferences in patients with early glottic carcinoma
who were given a choice between TOLMS and RT, found
that 168/175 patients (96%) chose TOLMS, mainly because
of shorter treatment duration and more treatment options
in case of recurrence.”’

Office-based laryngeal surgery (OBLS) under local an-
esthesia with spontaneous ventilation using flexible endo-
scopes has become popular in recent years for the
management of benign and premalignant lesions. opening a
new era in laryngology and demonstrating some ad-
vantages over conventional TOLMS, including avoidance
of risks of general anesthesia with myorelaxation and
larynx suspension, economy of time, and lower costs.**"*
Patients seem to prefer the awake OBLS under local an-
esthesia over TOLMS in the operating room (OR). Rees
et al report that the majority (87%) of patients who un-
derwent both, OR TOLMS and awake OBLS for the same
pathosis, preferred the awake procedure, and 83% of these
patients found OBLS more comfortable than TOLMS
in OR.™

FELS can overcome the abovementioned limitations of
TOLMS and could be an alternative for patients who
prefer OBLS. Lai et al were the first in English literature
who report performing awake flexible endoscopic Nd:YAG
laser treatment for early glottic carcinoma under local an-
esthesia. The authors present 27 patients with Tis-T1 glottic
lesions who were followed up for 3 to 7 years, the
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<0.001

Statistic test P value*
27

95% ClI
10%, 1%
7.9%, 37%

16 (51.6%) 34%, 9%

T2, n=31
8 (25.8%)

5.2%,
8.7%,
46%

40%

T1b, n=22 95% Cl
— 0.74%, 23% 11 (50.0%) 29%,71% 7 (22.6%)

51(22.7%)

~ 0.74%, 23% 6 (27.3%)

T1a, n=27 95% Cl
21 (77.8%) 62%, 93%

3(11.1%)
3(11.1%)

95% CI
17%,
36%
21%,
AN%

32%,

n=80

Overall (T1-T2),
34 (42.5%)

21 (26.3%)
25 (31.3%)

Stage
interval; n, number of patients.

"

Peason's chi-squared test.

dysphonia

Moderate dysphonia

Five-Year Voice Outcome in the Group of Cured Patients with Preserved Larynx (n=80)

Satisfactory/Mild
Severe dysphonia

TABLE 6.
Voice quality

estimated cure rate being 85.2%.7" In a review article,
Wellenstein et al mention the lack of studies related to
OBLS for early glottic cancer.” To our knowledge, to date,
this study presents the largest series of patients, treated by
FELS and followed up for 5 years after surgery.

We state that 5-year oncological outcomes of FELS,
presented in this study, are comparable with published
long-term results obtained by TOLMS and RT (Table 7).

The management of glottic carcinoma involving the AC
is controversial.”* Despite therapeutic modality (RT,
OPL, and TOLMS), tumor affection of the AC (particu-
larly for infiltrating and ulcerating tumors) is considered a
poor prognostic factor, and the recurrence rate up to 70%
is mentioned.'**'7*?%* At the point of attachment of the
vocal cords to the thyroid cartilage by Broyles' ligament,
there is no perichondrium, so some authors consider this
place as a weak point that favors tumor invasion of the
cartilage, transforming a T1 tumor into a T4."* Lesions
affecting the AC are often understaged, the involvement of
the thyroid cartilage being missed, resulting in treatment of
T3-T4 lesions as T1-T2 with consequently poor outcomes.”
In some publications, tumor extension to the AC is con-
sidered as a contraindication to endoscopic manage-
ment.”'” Conversely, others consider Broyles's ligament as
a protection for the cartilage and point at the negative
impact of the AC involvement only for T2 tumors crossing
the AC in the vertical plane.”**' The higher recurrence
rate for infiltrating and ulcerating tumors is considered to
be related to deep superior and inferior extensions along
the inner perichondrium of the thyroid cartilage.” Shvero
et al state that in case of tumor involvement of the AC,
laser resection must include the AC until the thyroid car-
tilage, at least 0.5 cm of the subglottic area. and the ante-
rior third of the other vocal fold.” Stephenson and Fagan
recommend TOLMS with adjuvant RT for the primary
treatment of glottic carcinoma with AC involvement in
patients with adverse pathological findings (positive or
uncertain margins).”’

In our series, patients with tumor extension to the AC
showed worse oncological outcomes, compared to those
without extension (Table 2), especially concerning local
recurrence rate (18.3% vs 6.6%), though we could not de-
monstrate the statistical significance of our results due to
insufficient number of observations. We consider that on-
cological outcome is more important than voice outcome in
patients with glottic carcinoma, so sparing the AC during
surgery to achieve a better voice quality is not relevant for
this category of patients because of the high risk of per-
sistent tumor. Tumor affection of the AC was also one of
the main reasons for offering the adjuvant RT for a part of
patients with T2 disease, but our data have not supported
the supposition that postoperative RT could improve the
oncological outcomes (Tables 4 and 5). Surprisingly, the
results in the group with combined treatment (FELS and
postoperative RT) appeared to be even a little bit worse
than in the group treated by FELS alone, to mention UDC/
OS (75.0% vs 89.5%,) and DD (25.0% vs 10.5%) for the T2
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TABLE 7.

Five-Year Results of FELS for Glottic Carcinoma, Compared with Historical Results of TOLS and RT (From the Literature)

Results

FELS (Our results)

TOLMS (From the literature)

RT (From the literature)

UDC, including
salvage treatment

For T1 and T2 disease,
respectively: 98.0%
(T1a—100%,
T1b—95.8%) and 82.1%.

For T1 disease: 97% (Eckel),” 96%
(Zeitels and Burns)'®; for T2
disease: 80% (Zeitels and Burns).'®

For T1 disease: 98% (Pelliteri
et al).”

LC/DFS For T1 and T2 disease, For T1 disease: 85% (Peretti etal),”” For T1 disease: 85-88% (Motta
respectively: 90.2% 86.3% (Eckel),” 85-87% (Sjogren)’; et al),*’ 93% (Pelliteri et al),”” 88%
(T1a—92.6%, for T1a disease: 76.1% (Canis (Jgrgensen et al)™*; for T1a disease:
T1b—87.5%) and 74.4%. et al),”® 92.3% (Lee et al),”" 92.1%  94% (Khan et al)™; for T1b disease:
(Djukic et al)*; for T1b disease: 87% (Gioacchini et al),” 83% (Khan
74.1% (Lee et al),”® 75% (Alkan et al)™; for T2 disease: 70-73%
et al),' 77% (Gioacchini et al),” (Motta et al),”” 73% (Pelliteri
55.6% (Djukic et al)™; for T2 et al),”” 67% (Jorgensen et al),”
disease: 72.7% (Lee et al),”® 66-82% 18% (Eckel),” 77% (de Ridder
{Sjéaren),” 59% (Peretti et al),”’ et al),”* 75.8% (Warner et al),*
77.3% (Warner et al),” 75.4% 75.6% (Campo et al)."®
{Campo et al).'”
UDC with For T1 and T2 disease,  For T1 disease: 87% (Peretti et al)," NA
endoscopic respectively: 94.1% 90% (Peretti et al),*’' 93-95%
surgery alone (T1a—96.3%, (Sjogren)”; for T1a disease: 94%

T1b—91.7%) and 76.9%.

(Gallo et al),* 98% (Lee et al),”™
98% (Chiesa-Estomba et al)™; for
T1b disease: 91% (Gallo et al),**
83.3% (Lee et al),”® 90% (Chiesa-
Estomba et al)™; for T2 disease:
81.8% (Lee et al),” 79-86%
(Siégren),” 76% (Peretti et al).”’

CLP For T1 and T2 disease,  For T1 disease: 91.7% (Eckel),”” For T1a disease: 77% (Schrijvers
respectively: 96.1% 99% (Zeitels and Burns),”” 94-98% et al)”'; for T2 disease: 60.4%
(T1a—100%, (Sjogren)”; for T1a disease: 97.3%  (Furusaka et al).””
T1b—91.7%) and 79.5%. (Canis et al),”* 95% (Schrijvers
et al)’'; for T2 disease: 80% (Zeitels
and Burns),'® 82-95% (Sjogren),”
88.8% (Hendriksma et al),”” 84%
(Peretti et al).”’
DD For T1 and T2 disease, For T1 disease: 1.5% NA
respectively: 2.0% {Wolfensberger and Dort).*”
(T1a—0%, T1b—4.2%)
and 17.9%.
LRec For T1 and T2 disease, For T1 glottic disease: 11.2% For T1 lesions: 16%

respectively: 9.8%
(T1a—7.4%, T1b—12.5%)
and 20.5%.

(Eckel),”* 12.3% (Thomas et al),'’
12.9% (Brandenburg),”” 14%
{Wolfensberger and Dort),”” 18%

{Brandenburg)**; for T1a lesions:
14% (Schwaab et al)™; for T1b
lesions: 16% (Schwaab et al)™; for

(Peretti et al)’; for T2 disease: 26% T2 lesions: 36% (Schwaab et al).*
(Peretti et al).”

disease group, and UDC/OS (75.0% vs 95.7%) and DD
(25.0% vs 4.3%) for the whole group (£ =10.015). Our data
support the data by Djukic et al who stated lower OS and
disease-specific survival in patients who underwent post-
operative RT, compared to those who were treated only by
TOLMS.”" More clinical data are needed to clarify this
issue.

The limitations of our study are the following: the ret-
rospective nature of the study, the lack of a control group

to compare our results (TOLMS and/or RT), and the lack
of a thorough voice outcome assessment that would be
useful for a follow-up study, though it was not the purpose
of the present study. We decided to focus our study on
oncological outcomes, but we also present the available
data concerning functional outcomes ( Table 6).
Concerning posttreatment voice outcome, both RT and
TOLMS may produce an abnormal voice. Impairment of
voice quality after RT is caused by edema, stiffness,
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scarring, and atrophy. Voice quality after TOLMS can be
reduced because of scarring of the operated vocal cord or
glottis incompetence related to the depth of excision.' The
advantage of one method over another is still debatable.
Greulich et al in a systematic review and meta-analysis,
revealed no clinically significant difference in voice out-
comes between RT and TOLMS.”' Brandenburg states that
the size and location of the tumor may have a greater im-
pact on the voice quality than the selected treatment
modality (eg, AC involvement will result in poor voice
outcome, regardless of the treatment modality used).”
Functional deficits are often considered to be acceptable in
early glottic cancer.™

Our data confirm that tumor extension has a statistically
significant impact on voice quality (Table 6). Satisfactory
voice/mild dysphonia was registered in 77.8% of the patients
with T1 disease, whereas more than half of the patients with
T2 disease postoperatively had severe dysphonia.

The limitation of tumor ablation versus resection is the
impossibility of histologic examination of the margins of the
resected specimen. The clinical value of positive resection
margins is still debatable. It is generally accepted that a part
of patients with positive margins after TOLMS for glottic
carcinoma will not develop a recurrence, and the relation-
ship between the status of resection margins and tumor re-
currence is unclear.””" The assessment of histological
specimens after laser excision is problematic because of
carbonization and shrinking of the specimens. " There is no
unanimity among specialists concerning positive resection
margins. Some authors consider that. in case of margin
positivity, additional treatment should always be offered.”
Others advocate the “wait and see” strategy.” " Sigston et al
state that 84% of their patients with positive resection
margins would have received unnecessary additional treat-
ment without the “wait and see” strategy.”” Aluffi Valetti
et al report that in 83% of patients with positive margins that
were surgically re-excised, no residual carcinoma was de-
tected.* Bertino et al consider that if surgical margins are
clearly free of tumor during the surgical procedure, second
treatment can be avoided even if histological specimens are
positive.” Lee et al report that oncological outcomes in
margin-positive cases did not differ significantly from those
of margin-negative cases, and suggest that the identification
of surgical margin by an experienced surgeon may be trusted
and considered more clinically predictive than a histologic
assessment.” We support and practice the abovementioned
“wait and see” strategy, taking into consideration the ac-
cessibility of the glottic region for visual examination, and
do not routinely perform biopsy from the tumor bed, unless
a persistent/recurrent lesion is suspected during follow-up
laryngoscopy. The importance of patient cooperation and
closely scheduled follow-up flexible laryngoscopy exams
cannot be overemphasized for early detection of potential
tumor recurrence. Thus, our recommendations for post-
operative follow-up flexible laryngoscopy exams are as fol-
lows: once a month during the first year after surgery, once
in 2 months during the second year, once in 3 months

during the third year, once in 6 months during the fourth
and fifth year, and once a year after 5 years. In addition, for
patients with T2 disease. we recommend a neck ultrasound
exam once in 3 months during the first 2 years after the

surgery.

CONCLUSIONS
FELS demonstrates oncological outcomes that are com-
parable to RT and TOLMS and can be considered an
oncologically efficient method of treatment of T1-T2 glottic
carcinoma.

Awake FELS is not inferior to FELS under general an-
esthesia with SHFJV concerning oncological efficacy and
can be recommended for office-based management of early
glottic carcinoma. especially for Tla lesions.

More studies on a bigger clinical material are necessary
for definitive conclusions concerning the impact of AC
affection and adjuvant RT on the oncological results.
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1. Introduction

Laryngeal cancer ly 30-40%6 of malignant
head and neck tumours and up to 2.5% of all malig ies of the h
body. The glottic region being affected most frequently — approximately
in 60% of cases [1].

There iz no clear definition for early glottic carcinoma. Some authors
include in this definition Tis, T1a and T1b stages [2]. Others include also
T2 lesions [3].

Tumour spread into cervical lymph nodes in T1 glottic lesion is rare -
under 1% of cases [2].

Transoral laser microcurgery (TLMS) with CO2 laser, being the most
popular surgical method for of early glottic carcinoma at
present, has some limitations and cannot be applicable in all the cases.
Flexible endoscopic laser surgery (FELS), keeping the advantages of
TLMS, is capable to overcome some limitations of traditional transoral
laser surgery, being applicable in situations of difficult anatomy and in
patients with major risk for general anesthesia.

The objective of this study was to evaluate the efficacy of FELS in the
treatment of T1-T2 glottic carcinoma.

‘D of Th gery, “Timofei Mosnesga™ Republican Clinical H

ital, Str. N. T

2. Materials and methods

This ma.nuscxipt was approved by Institutional Ethical Committee of
“Timofei M Republican Clinical H 1 (Ref. No 36).

We apphed FBlS for I"O patients with T1-T2 glottic carcinoma in the
time period from 1993 to 2019. Written informed consent was obtained
from the patients. All the interventions were performed by a single
surgeon. Patients age varied from 18 to 83 years, men - 112, women —8.
According to the stage of the tumour, patients were categorized as fol-
lows: Tla- 34 (28.3%), T1b- 32 (26.7%), T2-54(45.0%). Morphology of
the was as foll cell carci a - 92 (76.6%),
verrucous carcinomas - 20 (16.7%), hybrid form of verrucous carcinoma
4 (3.3%), spindle cell carcinoma - 2 (1.7%), carcinosarcoma - 2 (1.7%).
Primary tumours were registered in 112 cases (93.3%), and in 8 cases
(6.7%) there were persistent or recurrent post radiotherapy tumours.
After tumour biopsy and histologic confirmation of tumour nature,
endoscopic tumour ablation with Nd:YAG laser (1064 nm wavelength)
was performed in 77 cases. In 43 cases laser ablaton was preceded by
diathermy snare of the exophytic comp of the tumour. The
number of treatment sessions varied from 1 to 9 (mean, 1.6) (Table 1).In
76 (63.3%) cases the intervention was performed under local anesthesia
and intravenous sedation, with spontaneous respiration. In 44 cases
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Table 1
Number of treatment zeszions, applied for endoscopic tumour
eradication.
No. treatment sessions No. patients
1 79
2 27
3 L3
4 3
5 3
] 1
° 1
Mean - 1.6 120 (100%)

Fig. 1. Bxophytic tumouz, broadly implanted, affects the mid third of the right
wvocal fold.

Fig. 2. Diathermy snare excizion of the exophytic component of the tumour.

(36.7%) a suspension laryngoscopy under general anesthesia with high
frequency jet vendlation (HFJV) was uzed, in combination with flexible
endoscopy. In 91 cases (75.8%) only endoscopic treatment was applied,
and 29 (24.2%) padents (T1b - 2, T2-27) underwent postoperative ra-
diation therapy (RT).

2.1. Surgical technique

When procedures are performed under local anesthesia, patients are
treated in the up-right sitting position. Flexible therapeutic

American Journal of Otolaryngology -Head and Neck Medicine and Suwrgery 42 (2021) 103020

Fig. 3. Tumour ablation with Nd:YAG laser.

bronchoscope (working channel - 2.8 mm) is introduced transnasally,
after local anesthesia with Lidocaine spray 10%. For larynx anesthesia,
Lidocaine 2% is instilled in the larynx by a catheter, introduced via
working channel of the bronchoscope. When a prominent exophytc
component of the tumour is present (Fig. 1), this iz resected by
diathermy snare, introduced via working channel of the bronchoscope
(Fig. 2). The excision is performed in cutting setting. Flexible guide of
the Nd:YAG laser (1064 nm) is introduced through the working channel
of the bronchoscope for tumour ablation, that is done in continuous
irradiation mode, the power being set up to 40 W (Fig. 3). When in-
terventions are done under general anesthesia with HFRJV, the flexible
bronchoscope together with laser guide or diathermy snare is introduced
through the rigid suspensive laryngoscope. When necessary, multiple
treatment sessions are performed with 2-7 days time interval.

3. Results

The initial weatment was efficient (lack of recurrent or persistent
tumour) in 98 cases (81.7%). Although it's known, that Nd:YAG laser
haz deeper penetration and produces more thermal damage in vocal fold
tissue, than CO2 laser, no excessive scarring was observed after laser
procedures. Voice outcome was assessed as satisfactory by all the pa-
tients with T1a lesions. Severe hoarseness was observed only in patients
with anterior commissure and contralateral vocal fold involvement
Poor voice outcome in this category of patients was anticipated and
accepted by the patients, oncological outcome being a priority in these
cases.

Persistent tumour or local recurrence was registered (in the period of
1 to 48 months, mean - 9.5 months) in 19 cases (15.8%), from which in8
cazes local control with organ preservation was obtained by repeated
endoscopic intervention (4 cases), FELS combined with postoperative
RT (3 cazes) and open partial laryngectomy (1 caze). In other 11 cases
local control was not obtained (patients underwent either total laryn-
gectomy or palliative treatment).

Tumour progression by regional lymph node metastasizing was
registered in 3 cases (2.5%), all these patients died of disease.

Table 2

Follow-up without = after
Follow-up without recurrence after treatment (n - 106)
Up to 1 year 6 (5.79%)
1-3 years 27 (25.5%)
3.5 years 19 (17.99%)
Over 5 years 54 (50.9%)

Mean - 77 months (6.4 years)
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