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A B S T R A C T   

Purpose: In early glottic squamous cell carcinoma, similar results have been described in terms of disease control 
between transoral laser microsurgery (TLM) and radiation therapy (RT). During the past two decades, several 
studies compared subjective vocal outcomes of exclusive RT with those of TLM, showing a trend towards 
improving results for TLM over time. However, the objective differences in terms of spectro-acoustic voice pa
rameters between exclusive RT and TLM have been less frequently investigated. 
The aim of this systematic review with meta-analysis was to evaluate voice quality after TLM and RT treatment 
for early glottic carcinoma, based on acoustic analysis parameters including jitter, shimmer, noise to harmonic 
ratio, fundamental frequency and maximum phonation time. 
Material and methods: A search of the English published literature was conducted on the Pubmed, Scopus and 
Cochrane databases following PRISMA guidelines. 
Results: A total of 441 titles were retrieved from the search. After full-text screening and application of inclusion/ 
exclusion criteria, 12 articles were included. We found no significant differences between TLM and RT treatment 
in the considered acoustic analysis parameters, except for Shimmer, with more favorable values reported in the 
RT group. 
Conclusions: Considering the spread of the disease and expecting an improvement in long-term survival over time, 
well-designed and multicentric studies involving larger populations with a long-term follow up are mandatory to 
better assess objective voice outcomes in terms of spectro-acoustic voice parameters.   

1. Introduction 

Laryngeal squamous cell carcinoma is a common head and neck 
malignancy, accounting for approximately 150,000 new cancer di
agnoses per year worldwide and representing a significant source of 
mortality and morbidity [1–3]. Less common variants of this malignancy 
can occur [3–5]. The majority of laryngeal cancers arise from the glottic 
region, 75 %–80 % of them being diagnosed at an early stage [1,6]. A 
prompt and appropriate treatment of early cases (Tis-T2), as well as the 
significantly lower tendency to determine neck lymph node metastases 
[3], allows for a fairly good long-term prognosis. As a result, in this sub- 

set of patients, functional issues are of utmost importance in deter
mining the overall treatment outcome [6,7]. 

Regarding treatment strategies, similar results have been described 
in terms of disease control between transoral laser microsurgery (TLM) 
and radiation therapy (RT), with an average 5-year overall survival of 
approximating 90 % [8–10]. Nowadays, TLM allows a wide range of 
lesions to be treated safely, including most Tis and T1 cases, as well as a 
significant part of T2 [8,11]. Regarding the functional correlates of TLM 
procedures, although the overall resection extent is reasonably a 
determinant of the postoperative voice outcome, a direct association 
between cordectomy type and the severity of voice impairment may be 
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hardly achievable [12]. 
During the past two decades, several studies compared subjective 

vocal outcomes of exclusive RT with those of TLM, showing a trend 
towards improving results for TLM over time [13–16]. However, the 
objective differences in terms of spectro-acoustic voice parameters be
tween exclusive RT and TLM have been less frequently investigated, and 
only a few systematic reviews [6,8] have tried to analyze evidence on 
this topic, albeit leading to conflicting results. Objective evaluation of 
spectro-acoustic voice parameters allows a non-invasive assessment of 
laryngeal function, providing quantitative data which may be highly 
descriptive of vocal fold mechanical behavior [8]. For this reason, a 
thorough understanding of spectro-acoustic changes might allow a more 
in-depth picture of vocal outcomes of early glottic cancer treatments. 

The aim of this systematic review with meta-analysis was to evaluate 
voice quality after TLM and RT treatment for early glottic carcinoma, 
based on acoustic analysis parameters including frequency–perturbation 
(jitter), measures of amplitude–perturbation (shimmer), noise to har
monic ratio (NHR), fundamental frequency (F0 in Hz) and maximum 
phonation time (MPT in seconds). 

2. Materials and methods 

2.1. Review methodology 

A search of the English published literature was conducted on the 
Pubmed, Scopus and Cochrane databases (last update: 27 January 

Fig. 1. PRISMA Flow-chart synthesizing the study selection process.  
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2023). The following keywords were used: [glottic OR laryngeal] AND 
[cancer OR carcinoma] AND voice outcome AND [radiotherapy OR 
surgery]. The reference lists of all the included articles were accurately 
screened in order to identify other pertinent studies, following the 
PRISMA guidelines. Duplicate results were removed. The study selection 
process has been summarized by the PRISMA flow-chart (see Fig. 1). 

The inclusion criteria were: 

i) original reports based on previously untreated early glottic car
cinomas (TNM stage: Tis, T1, or T2);  

ii) comparison between TLM and exclusive RT as primary 
treatments;  

iii) objective voice outcome measurement by acoustic analysis (jitter, 
shimmer, F0 and NHR), MPT and perceptive analysis (GRBAS). 

The exclusion criteria were:  

i) case reports, editorials, surveys, letters to the editor, reviews;  
ii) no voice outcome reported;  

iii) non-early stage glottic cancer;  
iv) salvage treatments;  
v) non-English language. 

The data from the available literature were analyzed. Included 
studies were investigated to extract all available data and confirm 
eligibility. The following information was obtained: study name, pub
lication year, study design, number of patients, age, pathological stage, 
follow-up period, subjective rating (voice handicap index [VHI] and/or 
voice-related quality of life [V-RQoL]), percentual analysis (GRBAS), 
acoustic analysis parameters (jitter, shimmer, F0 and NHR) and MPT. 

Any disagreements about inclusion/exclusion of investigations were 
solved by a discussion among authors. 

2.2. Voice acoustic parameters which have been considered 

We analyzed voice outcomes focusing on the following acoustic pa
rameters: NHR, Jitter, Shimmer, F0 and MPT. 

The NHR is the average ratio between the disharmonic spectral en
ergy components (noise) in the 1500–4500 Hz band and the harmonic 
spectral energy components in the 70–4500 Hz band. It represents a 
global assessment of the presence of noise in the medium-low frequency 
range (normal value <0.19) [17]. 

The Jitter is a parameter that evaluates fundamental frequency 
perturbation. It is an index of irregularity of glottal vibration and is 
perceptually related to a hoarse voice (threshold value 1.04 %) [17]. 

The Shimmer evaluates amplitude perturbation. It is also an index of 
irregularity of the glottic vibration and it is perceptually related to a 
breathy and hoarse voice (threshold value 1.04 %) [17]. 

The F0 refers to the approximate frequency of the periodic structure 
of voiced speech signals [8]. Individual differences in adult F0 typically 
range between 80 and 175 Hz among men, and 160 and 270 Hz among 
women [18]. 

MPT is defined as the longest period during which a patient can 
sustain phonation of a held vowel sound, typically an /a/, at a constant 
pitch and intensity [17]. Typically, adult females sustain phonation of 
“a” from 15 to 25 s (adult females have a mean MPT of 19 s); while males 
range from 25 to 35 s (males have a mean MPT of 25 s) [19,20]. 

2.3. Statistical analysis 

An analysis was conducted to compare the voice outcomes after RT 
vs TLM for primary early glottic carcinoma. 

For jitter, shimmer, NHR, F0 and MPT, data were reported as mean 
values (± standard deviations). 

Pooled weighted mean differences (WMD) were estimated using a 
random-effects model, obtaining the overall effect size. A forest plot was 

also obtained. Heterogeneity was investigated by performing subgroup 
analysis and meta-regression. 

The meta suite of Stata 16 (Stata Corp., College Station, TX, USA) was 
used for all statistical analyses. 

3. Results 

Our search identified a total of 441 articles; out of them, 103 non- 
duplicated papers were identified at the first screening of titles and 
abstracts. Seventeen records were excluded because their full-text could 
not be retrieved. 

Applying the inclusion/exclusion criteria, the remaining 86 records 
were screened for eligibility. Seventy-four were excluded for the 
following reasons: 25 because they did not report voice outcomes, 39 
because vocal quality was evaluated only by subjective measures, and 10 
because they considered only one treatment modality between RT and 
TLM. 

At the end of the exclusionary process, 12 papers were included in 
the systematic review and in the subsequent quantitative meta-analysis 
(see also PRISMA flow-chart, Fig. 1 and Table 1) [16,21–31]. Among the 
included studies, 8 were retrospective [16,21,24,27–31], 3 prospective 
[23,25,26], and 1 cross sectional [22]. All of them presented quite well- 
defined inclusion criteria and included only patients with early glottic 
carcinoma (Tis-T1-T2) with no previous history of any laryngeal treat
ments. No randomized, controlled trials were found. 

Regarding the available clinical information, only 6 studies 
[16,21,22,29–31] reported which TLM type had been performed ac
cording to the European Laryngological Society classification [32]. A 
breakdown of the available cordectomy characteristics is reported in 
Table 2 [32]. 

In the studies, different soft-wares were used for voice analysis: 
MDVP software (KayPENTAX, Lincoln Park, NJ, USA) in 5 cases, Dr. 
Speech software (Tiger DRS, Inc., Seattle, WA) in 3, PRAAT (Open 
Source available at www.praat.org) in 2, the MULTI-SPEECH 3700 
(Pentax, Tokyo, Japan) in 1, and IRIS Professional 2 [iZotope, Cam
bridge, MA, USA] in 1, as summarized in Table 1. 

3.1. NHR 

The NHR was reported in four studies [16,22,24,29] included in this 
review, cumulatively accounting for 100 patients in the RT group and 
115 in the TLM group. Comparing RT and TLM groups, the pooled 
weighted mean differences in terms of NHR did not show statistical 
significance (weighted mean difference: 0.01, 95 % CI: − 0.11 to 0.13, 
see also Fig. 2). Our analysis showed large and significant heterogeneity 
among the studies (I2 = 98.66 %, p < 0.001). 

3.2. Jitter 

The Jitter data were reported in 10 studies [16,21,22,24,26–31] 
cumulatively accounting for 286 patients in the RT group and 338 in the 
TLM one. The pooled weighted mean difference in Jitter values between 
RT and TLM groups was not significant (weighted mean difference: 
− 0,24, 95 % CI: − 0.62 to 0.14, see also Fig. 3) Also in this case, the 
analysis showed significantly high heterogeneity among the studies (I2 

= 94.61 %, p < 0.001). 

3.3. Shimmer 

Regarding Shimmer, 10 studies [16,21,22,24,26–31] reported the 
mean values and could therefore be included in this review. 

The pooled overall population provided by such studies included 286 
patients in the RT group and 368 in the TLM one. The TLM group 
showed Shimmer values ranging from 1.31 % to 16.24 %, while those 
from the RT group varied from 1.3 % to 8.78 %. The pooled weighted 
mean difference between the two groups was significant, with lower 
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overall Simmer values in patients who had undergone RT (weighted 
mean difference: − 1.45; 95 % CI − 2.75 to − 0.16; see also Fig. 4). 

A large, and significant heterogeneity was also found among the 
considered studies (I2 = 98.51 %; p < 0.001). 

3.4. F0 

Eleven studies [16,21,22,24–31] provided detailed F0 data for 310 
patients who had undergone RT and 356 TLM. 

No significant difference between F0 of the two groups was found 
(weighted mean difference: − 7.81; 95 % CI: − 22.25 to 6.63, see also 
Fig. 5), with F0 values ranging from 132 to 205.81 Hz in TLM patients, 
and from 124 to 199.04 Hz in RT ones. For this variable also, hetero
geneity among the studies was high and significant (I2 = 96.92 %, p <
0.001). 

Table 1 
Summary of characteristics and results of the considered series.  

Authors Type of study Pathological 
stage 

No. of 
patients 

Acoustic 
analysis 
software 

NHR (Hz) Jitter (%) Shimmer (%) F0 (Hz) MPT (seconds) 

RT TLM RT TLM RT TLM RT TLM RT TLM RT TLM 

Van Gogh 
2012 [26] 

Prospective 
cohort study 

T1a  39  67 Dr.SPEECH    0.62  0.46  5.81  5.28  124  141   

Luo 2012 [25] Prospective T2  24  18 MDVP    1  1.2  1.3  1.8  126.8  171.4  11.23  9.43 
Lombardo 

2017 [29] 
Retrospective T1a-T1b  26  30 PRAAT  0.17  0.25  0.43  1.18  7.79  12.92  162.18  149.7   

Krengli 2004 
[16] 

Retrospective T1a  27  30 MDVP  0.2  0.34  23  5.9  8  12.2  167.8  134.5   

Jotic 2012 
[23] 

Prospective Tis-T1  15  19 MDVP    0.68  0.64  6.99  6.01  161.4  147.8   

Gandhi 2018 
[24] 

Retrospective T1a-T1b  20  40 MDVP  0.22  0.17  1.,45  0.87  4.25  3.6  135  132   

Czecior 2012 
[21] 

Retrospective T1  30  33 IRIS 
SOFTWARE    

0.68  1.05  7.76  10.89  155.6  205.81  14.33  13.36 

Batalla 2008 
[27] 

Retrospective T1  18  19 Dr. SPEECH    0.72  0.44  4.07  5.08  199.04  173.39  8.63  11.83 

Wedman 2002 
[28] 

Retrospective T1-T2  9  15 MULTI- 
SPEECH 3700    

8.38  8.67  1.53  1.31  137  144   

Kono 2016 
[22] 

Cross-sectional 
study 

T1  27  15 MDVP  0.12  0.15  1.64  2.15  3.39  4.63  167.2  174.3  18.1  16.1 

Demir 2021 
[31] 

Retrospective T1  16  17 PRAAT    2.3  3.37  8.78  16.24  136.21  174.61  19.8  10.74 

Milovanovic 
2013 [30] 

Retrospective Tis-T1  74  72 Dr.SPEECH    0.91  1.08  2.76  3.75  159.7  162.4  17.6  15.3 

RT: radiotherapy; TLM: transoral laser microsurgery; NHR: noise to harmonic ratio; Jit: Jitter; Shim: Shimmer; F0: fundamental frequency; MPT: maximum phonation 
time. 

Table 2 
Distribution of cordectomy types [32] in TLM groups.  

Type of cordectomy I II III IV V VI No. cases 

Kregli 2004 [16] 0 0 10 20 0 0  30 
Czecior 2012 [21] 0 0 33 0 0 0  33 
Milovanovic 2013 [30] 12 15 28 17 0 0  72 
Kono 2016 [22] 0 15 0 0 0 0  15 
Lombardo 2017 [29] 0 6 16 6 2 0  30 
Demir 2021 [31] 0 0 0 9 8 0  17 
Total (%) 12 (6.09 %) 36 (18.27 %) 87 (44.16 %) 52 (26.39 %) 10 (5.07 %) 0 (0 %)  197  

Fig. 2. Forrest plot synthesizing the pooled weighted mean differences in terms of NHR (random-effect model).  
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3.5. MPT 

The MPT analysis included 6 studies [21,22,25,27,30,31], account
ing for 159 patients in the RT group and 141 in the TLM one. MPT was 
not significantly different between the two treatment groups (weighted 
mean difference: 2.20, 95 % CI: − 1.35 to 5.74, see also Fig. 6). The 
analysis of heterogeneity showed a high and significant value (I2 =

90.36 %; p < 0.001). 

4. Discussion 

4.1. Trends in oncological and functional outcomes: the current landscape 

As known, from an oncological viewpoint, both RT and TLM seem to 
have a similar effectiveness in managing primary early glottic cancers, 
with possible specific advantages depending on the chosen strategy 
[33]. TLM is quick and repeatable, allowing for multiple salvage options 
in the case of recurrence, and does not cause mucositis [7]. Instead, RT 
has been shown to have high efficacy, avoiding any direct excision of 
vocal cord tissue [7]. 

Regarding TLM outcomes in terms of laryngeal movement and 
morphology, Peretti [34] concluded that only cordectomy type I (sub
epithelial) and type II (subligamentous) allowed glottic closure to be 
completely restored in 89 % of those operated as a result of the vocal fold 
regeneration. However, according to other groups [16,21] even type III 
cordectomy could allow a complete glottic closure due to a possible 

volume effect by the post-surgical scar on the treated vocal fold [9]. As a 
general statement, tumor dimension and the consequent extent of 
resection are related to the severity of the residual phonatory glottic gap 
[21,26]. Furthermore, it has been observed that patients who have un
dergone TLM often develop a compensation mechanism, including 
hyper-constriction, resulting in ventricular closure during phonation 
and hyperadduction of the arytenoid cartilage [6]. 

On the other hand, RT also seems to significantly affect laryngeal 
movement. Lee et al. [6] showed more severe glottal closure insuffi
ciency at laryngeal stroboscopy in patients treated with RT group, 
compared with those who had undergone TLM. Moreover, in a vast 
majority of irradiated patients, video-laryngo-stroboscopy showed sig
nificant changes in the mucosal wave and a phonatory glottic insuffi
ciency [16]. These findings seem to depict a scenario characterized by 
stiff mucosal wave dynamics, hyper-activity of ventricular folds, chronic 
inflammation, vocal fold tissue inelasticity and glottal incompetence 
[16]. These features often lead to vocal fold vibration irregularities in 
most irradiated patients [16]. 

4.2. Clinical evaluation of voice in early glottic cancer 

Perceptive aspects have been frequently considered in assessing 
voice quality also in an oncological context. One of the most employed 
scales is the GRBAS scale [17], which requires two experienced pro
fessionals to evaluate the overall severity of hoarseness (parameter G - 

Fig. 3. Forrest plot synthesizing the pooled weighted mean differences in terms 
of Jitter (random-effect model). 

Fig. 4. Forrest plot synthesizing the pooled weighted mean differences in terms of Shimmer (random-effect model).  

Fig. 5. Forrest plot synthesizing the pooled weighted mean differences in terms 
of F0 (random-effect model). 
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grade), and other specific parameters, including breathiness (B), 
roughness (R), asthenicity (A), strain and vocal tension (S). 

Beside the perceptive analysis, the self-perceived voice quality and 
related quality-of-life issues can be evaluated, using patient-reported 
outcome measures (PROMs) [8]. For this purpose, the most employed 
tool is the Voice Handicap Index (VHI) [35–39], which is a questionnaire 
investigating three different areas (functional, physiological and 
emotional), and allowing the subjective impact of a vocal impairment to 
be quantified. 

To date, evidence about voice perceptive analysis in patients treated 
with TLM or RT for early glottic carcinoma is not conclusive. While some 
investigations found that patients who had undergone RT had a higher 
probability of achieving a normal or mildly hoarse voice compared to 
those who had undergone TLM [40–42], Gandhi et al. [24] found better 
vocal outcomes in cases surgically treated with TLM, in terms of G, R and 
S criteria of the GRBAS scale, as well as better VHI scores. Interestingly, 
Batalla et al. [27] found no significant differences in vocal quality at 
perceptive analysis after RT or TLM, although subjective results in terms 
of VHI seemed to be better after RT. In their meta-analysis, Du et al. [8] 
found no significant difference in VHI values between TLM and RT 
groups; Lee et al. [6] evaluated GRBAS score in their two groups of 
treatments without finding any difference. 

4.3. Clinical meaning of spectro-acoustic data in early glottic cancer 

Besides morphological outcomes, which are more directly objectifi
able, the outcomes in terms of voice quality - and related objective 
acoustic parameters - remain to be investigated in-depth. 

Traditional clinimetrics, including perceptive analysis (mostly based 
on the GRBAS scale) and patient-reported outcomes (such as VHI), are 
frequently considered in assessing voice quality, and have been quite 
extensively investigated in the scientific literature [24,27,40–42]. 
However, to date, evidence about such parameters in patients treated 
with TLM vs RT for early glottic carcinoma is not conclusive. While some 
groups found that patients treated with RT had a higher probability of 
achieving a normal or mildly hoarse voice compared to those who had 
undergone TLM [40–42], Gandhi [24] found better vocal outcomes in 
cases surgically treated with TLM, in terms of G, R and S criteria of the 
GRBAS scale, as well as better VHI scores. Batalla [27] found no sig
nificant differences in vocal quality at perceptive analysis after TLM or 
RT, although subjective results in terms of VHI seemed to be better after 
RT. 

Regarding spectro-acoustic analysis of voice outcomes after TLM and 
RT for early glottic cancer, less evidence exists. The clinical significance 
of the spectro-acoustic parameters in this setting, as inferred from this 
meta-analysis, has been summarized as follows. 

4.3.1. Jitter 
Jitter values are an expression of frequential micro-perturbations of 

the voice signal and have been considered as an index of voice quality, as 
it may be perceptually related to voice hoarseness [17]. In this meta- 
analysis, the pooled analysis led to inconclusive results regarding the 
outcomes of RT and TLM for early glottic cancer in terms of Jitter. The 
overall lack of statistical significance in terms of Jitter difference be
tween the two treatment groups seems to reflect the discordant results of 
the included studies, rather than a homogeneous tendency towards a 
substantial equivalence of the two therapeutic approaches. In fact, four 
studies included in this meta-analysis [16,22,23,29] showed lower Jitter 
values in the RT groups, while two [24,26] showed better Jitter results 
in the TLM group. The higher Jitter values in the TLM group than in the 
RT one might be explained by a more extensive damage, caused by 
surgical tissue excision [29]. This might be in line with the fact that in 
studies in which Jitter values seemed to be lower in the RT group, the 
proportion of cordectomy types ≥III was higher [16,29]. 

4.3.2. Shimmer 
The Shimmer is a parameter of amplitude variation and is percep

tually related to a breathy and hoarse voice [17]. 
In the present review, the pooled analysis showed significantly lower 

overall Shimmer values in patients who had undergone RT for early 
glottic carcinoma, compared to those who had undergone TLM. Such 
results, which were in line with those from a previous review by Lee 
et al. [6], reflected the fact that in all the included studies (except Van 
Gogh et al. [26]) lower Shimmer values were found in the RT group. 
From a patho-physiological viewpoint, this might be due to the fact that 
RT could produce fewer scarring processes than surgical excision, thus 
allowing for better mucosal vibration of the treated vocal cord [28]. 
According to this viewpoint, Wedman et al. [28] found by laryngo- 
stroboscopy that patients in the RT group had a higher amplitude 
mucosal wave where the tumor had previously been located, in com
parison with TLM group. Moreover, the extent of surgical excision might 
probably play a role in determining vocal outcome, since most of the 
included studies reported in prevalence type ≥III cordectomies 
[16,21,29–31]. On the other hand, no data about cordectomy classifi
cation were available from the study by Van Gogh et al. [26], which was 
the only one to show better results in the TLM group. 

4.3.3. NHR 
As described before, the NHR is defined as the average ratio between 

the non-harmonic (noise) and harmonic spectral energy components 
[17]. The presence of irregularities in glottal vibration patterns may 
contribute to the introduction of a noise component during phonation, 
resulting in a perceptive alteration of voice [30]. 

In this review, the difference in terms of NHR between RT and TLM 
groups values was not significant. Again, this seemed to be the effect of 
discordant results of the individual studies, rather than a general ten
dency towards similar voice outcomes of both treatment groups, 
although, overall, most articles showed better results in the RT group 

Fig. 6. Forrest plot synthesizing the pooled weighted mean differences in terms of MPT (random-effect model).  
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[16,22,29]. Studies supporting NHR results after RT justified their 
findings by hypothesizing that scarring following surgical excision, 
along with an anatomical alteration of the glottic profile, could impair 
vocal cord mobility and elasticity, which are essential for a periodic 
vibration. 

4.3.4. Fundamental frequency (F0) 
Both RT and TLM for primary early glottic carcinoma may cause an 

F0 increase through different mechanisms. From a functional viewpoint, 
RT may be responsible for an F0 increase due to the fibrotic changes and 
stiffness of the vocal folds tissue, affecting glottic closure and dynamic 
changes in tension and length [21,30,43]. On the other hand, the 
removal of mucosa, submucosa and possibly vocal muscle in patients 
treated with TLM reduces vocal fold mass, leading to a higher F0 
[23,30]. In line with such assumptions, our review showed heteroge
neous results in terms of F0: Luo et al. [21] and Czezior et al. [25] found 
lower F0 values in the RT group, while Van Gogh et al. [26] reported 
lower values in the TLM one. This might be explained by a different 
extent of surgical excision across the studies, although the lack of data 
about cordectomy type in some articles [23–28] could make the con
clusions on this point hard to achieve. 

4.3.5. Maximum phonation time (MPT) 
MPT may depend on a wide range of factors, including phonation air 

volume (which can vary according to age, gender, stature and pulmo
nary function), mean airflow rate, maximal effort and glottal resistance 
[44,45]. Patients who have undergone RT or surgical procedures for 
tumors in the airway district may potentially experience a decrease in 
the power of respiratory muscles, sarcopenia in laryngeal muscles, as 
well as changes in the glottal closure pattern. In particular, glottal air 
leakage during phonation can lead to an increased airflow, resulting in a 
reduction of the effective phonation time [46]. 

In this analysis, the overall comparison of RT and TLM groups' values 
showed no significant differences, again as a result of the existence of 
conflicting evidence in the literature, including articles reporting better 
results with RT [22,31], and others advocating more favorable outcomes 
for TLM [27]. 

4.4. Quality of evidence and generalizability 

Judging from this systematic review and meta-analysis, no signifi
cantly different outcomes seemed to result from RT and TLM for early 
glottic cancer, except for Shimmer values, lower for patients who had 
undergone RT. However, such findings needed to be contextualized in 
view of some limitations of the existing literature. First of all, regarding 
the TLM group, the extension of surgical excision (in terms of cordec
tomy types), if reported, was not homogeneous across the included 
studies (see also Table 2). Similarly, also information about exact RT 
doses was lacking in most studies, making comparisons quite difficult. 
Also, the retrospective design and limited sample size of the available 
investigations suggest being careful when generalizing the results. On 
the other hand, this systematic review has the following strengths: i) the 
homogeneity of inclusion/exclusion criteria, based on tumor stage 
(limited to Tis-T1-T2); ii) the presence of objective data on voice 
spectro-acoustic measures; iii) the use of a meta-analysis approach, 
providing a quantitative synthesis of the considered evidence; iv) an 
analytic report of the available data from each included study. Despite 
the lack of conclusive data, this review can be useful for the clinician by 
pointing to some patho-physiological aspects that may explain voice 
effects of TLM and RT. In this sense, the awareness of possible acoustic 
implications of each treatment modality may support clinical decision 
making, also allowing to provide more detailed and comprehensive in
formation to the patients about the functional sequelae of the proposed 
therapeutic approaches. 

5. Conclusion 

In this study, a meta-analysis was conducted to evaluate voice 
quality after TLM or RT treatment for primary early glottic carcinoma by 
investigating voice outcomes, including measures of fre
quency–perturbation, amplitude–perturbation, F0, NHR and MPT. We 
found no significant differences between TLM and RT treatments in the 
considered acoustic analysis parameters, except for Shimmer, with more 
favorable values reported in the RT group. 

Considering the spread of the disease and expecting an improvement 
of long-term survival over time, well-designed and multicentric studies 
involving larger populations with a long-term follow up are mandatory 
to better assess voice outcomes. 

Funding 

This study was partly supported by a grant (No. DOR2215418/22) 
(G. Marioni) from the University of Padova, Italy. 

CRediT authorship contribution statement 

Leonardo Franz: Conceptualization, Formal analysis, Investigation, 
Writing – original draft, Writing – review & editing. Nicholas Pessot: 
Data curation, Investigation, Writing – original draft, Writing – review & 
editing. Chiara Gallo: Data curation, Visualization, Writing – review & 
editing. Isabella Tundo: Data curation, Investigation, Visualization. 
Giacomo Spinato: Visualization, Writing – review & editing. Gino 
Marioni: Funding acquisition, Supervision, Writing – review & editing. 
Cosimo de Filippis: Supervision, Validation, Visualization. 

Acknowledgments 

The authors thank Alison Garside for correcting the English version 
of this paper. 

References 

[1] Ma Y, Green R, Pan S, McCabe D, Goldberg L, Woo P. Long-term voice outcome 
following radiation versus laser microsurgery in early glottic cancer. J Voice March 
2019;33(2):176–82. https://doi.org/10.1016/j.jvoice.2017.10.018. 

[2] Marioni G. Letter to the editors: essentials for an updated epidemiology of 
laryngeal carcinoma. Cancer Treat Rev Oct 2012;38(6):559. https://doi.org/ 
10.1016/j.ctrv.2012.02.005. 

[3] Marioni G, Marchese-Ragona R, Cartei G, Marchese F, Staffieri A. Current opinion 
in diagnosis and treatment of laryngeal carcinoma. Cancer Treat Rev 2006;32: 
504–15. https://doi.org/10.1016/j.ctrv.2006.07.002. 

[4] Marioni G, Bottin R, Staffieri A, Altavilla G. Spindle-cell tumors of the larynx: 
diagnostic pitfalls. A case report and review of the literature. Acta Otolaryngol Jan 
2003;123(1):86–90. https://doi.org/10.1080/0036554021000028070. 

[5] Alessandrini L, Franz L, Marioni G. In reference to non-squamous cell malignancies 
of the larynx. Laryngoscope Oct 2022;132(10):E34. https://doi.org/10.1002/ 
lary.30302. 

[6] Lee SH, Hong KH, Kim JS, Hong YT. Perceptual and acoustic outcomes of early- 
stage glottic cancer after laser surgery or radiotherapy: a meta-analysis. Clin Exp 
Otorhinolaryngol Aug 2019;12(3):241–8. https://doi.org/10.21053/ 
ceo.2018.00990. 

[7] Lucioni M, Marioni G, Bertolin A, Giacomelli L, Rizzotto G. Glottic laser surgery: 
outcomes according to 2007 ELS. Eur Arch Otorhinolaryngol Dec 2011;268(12): 
1771–8. https://doi.org/10.1007/s00405-011-1695-7. 

[8] Du G, Liu C, Yu W, Li J, Li W, Wang C, et al. Voice outcomes after laser surgery vs 
radiotherapy of early glottic carcinoma: a meta-analysis. Int J Clin Exp Med 2015;8 
(10):17206–13. 

[9] Higgins KM. What treatment for early-stage glottic carcinoma among adult 
patients: CO2 endolaryngeal laser excision versus standard fractionated external 
beam radiation is superior in terms of cost utility? Laryngoscope Jan 2011;121(1): 
116–34. https://doi.org/10.1002/lary.21226. 
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