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Abstract: Background: Radiotherapy and laser resection are established treatment modalities for early glottic car-
cinoma. To date, there is no confirmed conclusion which treatment is better for early glottic cancer. The objective
of this study was to conduct a meta-analysis to compare the voice outcomes after laser resection (LS) and radio-
therapy (RT) of Tis-TANOMO glottic carcinoma. Methods: we searched the relevant electronic studies and performed
a meta-analysis based on 13 published studies. The Chi-square based I|*-statistic test was performed to evaluate
possible heterogeneity across the studies. Additionally, random-effects models were used to calculate mean dif-
ferences with 95% confidence intervals (Cls). Results: Overall, a total of 13 published studies were included in our
study, with 368 patients in the RT group and 440 patients in the LS group, respectively. No significant differences
in Voice Handicap Index (VHI), jitter and shimmer were found between RT and endoscopic LS among patients with
Tis-TANOMO glottic carcinoma and T1aNOMO laryngeal cancer. However, the acoustic voice analysis parameters of
Fo values were significantly lower in RT group than that in LS group. Conclusion: The results from this meta-analysis
support that the LS has more advantages than RT in terms of voice quality. However, more studies on voice outcome

need to validate our findings.
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Introduction

Laryngeal cancer is one of the most common
squamous cell carcinoma of head and neck
and has four subtypes: glottic cancer, supra-
glottic cancer, subglottic cancer and transglot-
tic cancer, among which the glottic cancer is
most common. How to better treat the early
glottic carcinoma has attracted many clinici-
ans and surgeons to focus on this disease.
Currently, early glottic cancer can be treated
with laser surgery (LS), radiotherapy (RT), and
conventional surgery. Evidences have revealed
that the average of 5-year survival rate in early
glottic cancer is over 90% [1]. Local control
rates range from 71-100% for LS and from
73-95% for RT in T1 carcinomas without involve-
ment of the anterior commissure [2]. To improve
quality of life and functional preservation after

treatment of such patients, the clinicians need
to evaluate the voice outcomes, costs and the
average treatment time. The acoustic analysis
is an objective method to evaluate laryngeal
pronunciation function, because it is noninva-
sive and has the potential to provide quantita-
tive data which may be highly descriptive of
vocal fold vibrations and favorable for clinicians
4, 3].

The Voice Handicap Index (VHI) is a self-admin-
istered questionnaire for measuring the impact
of voice disorder on a person’s vocal functions,
vocal physical ability, and emotion [4]. Because
VHI has the characteristics of subjective evalu-
ation and can be used to fully and effectively
evaluate the characteristics of voice, it has
been adopted as a valid instrument worldwide
[4-7]. Several studies have compared the voice
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Table 1. Characteristics of included studies

Voice outcomes and early glottis cancer

Follow-up time Radiation

Studies Sample (month) dose (Gy)
RT LS RT LS
Jotic 2012 [16] 15 19 12 12 60
Christine 2012 [17] 39 67 24 24 57.5-60
Sjogren 2008 [11] 15 18 60 45 N
Tamura 2003 [18] 6 14 21.3 26.3 60-66
Batalla 2008 [12] 18 19 43 30 65.3
Wedman 2002 [19] 9 15 224 >24 66
Milovanovic 2013 [1] 74 72 >38 >38 60-64
Policarpo 2004 [21] 20 20 64.9 64.9 66-70
Peeters 2004 [9] 40 52 212 212 50-70
Remmelts 20013 [10] 45 57 =212 >12 52-70
Goor 2007 [13] 20 36 24 24 60
Loughran 2005 [14] 18 18 276 314 55
Dinapoli 2010 [15] 49 33 60 60 69.6-70.2

outcome between the treatment of LS and RT,
but the findings are not consistent. Additionally,
each of these studies included a limited num-
ber of study patients. Therefore, in the current
meta-analysis, we gave a more comprehensive
overview of evaluation of voice assessment
after LS and RT in patients with early glottic car-
cinoma, including journal articles published up
to May 30, 2015.

Methods
Search strategy

We conducted a literature search through May
30, 2015 using the key words search in the
PubMed, Web of Knowledge, MEDLINE, Em-
base, and Google Scholar electronic databases
and search engines. The language of publica-
tion was restricted to English. The following
search terms were used: laryngeal carcinoma
or surgical or radiotherapy.

Inclusion criteria

All relevant studies reporting the association
of voice results after laser resection or RT of
early glottic carcinoma were considered for
inclusion. The inclusion criteria were as follows:
1) Study patients with clinically pathologically
confirmed squamous cell carcinoma of glottis,
according to Union for International Cancer
Control (UICC )or American Joint Committee On
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Cancer (AJCC) and with clinical stage of Tis-
TANOMO glottis type of laryngeal cancer or
T1aNOMO laryngeal cancer; 2) All study
patients were the first time for endoscopic
LS or RT; 3) The studies included the com-
parison information between the patients
with LS and RT treatment; and 4) The
research outcome measure included voice
handicap index (VHI) and acoustic voice
analysis parameters [8]. The questionnaire
of VHI consists of 30 statements on voice-
related aspects on daily life (5-point rating
scale) with a total score for the 30 ques-
tions from 0 to 120 [8].

Exclusion criteria

The exclusion criteria were as follows: 1)

unable to get the full text of the literature; 2)

duplicate reports; 3) information and data
is incomplete; 4) lost of follow-up or death; and
5) data provided in obvious errors.

Data extraction

Three investigators reviewed and extracted
information independently from selected publi-
cations in accordance with the above men-
tioned inclusion and exclusion criteria. Any con-
flicts over study/data inclusion were settled by
a discussion between the investigators. These
investigators independently extracted the fol-
lowing information: name of the first author,
publication year, sample size, the objects of
study, period of treatment, outcome indicators.
Quality evaluation was performed by the three
investigators independently according to the
Cochran’s system manual (version 5.1.0) quali-
ty evaluation standard.

Statistical analysis

This analysis adopts the Cochrance registries
that provide Revman 5.3 meta-analysis soft-
ware. Firstly, we used the fixed effects model to
incorporate data from each study, then per-
formed the heterogeneity test for P values and
I? index to estimate the degree of heterogeneity
in literature. If P > 0.05 and I> < 50%, we con-
sidered that the analysis had the homogeneity.
If P < 0.05, and I> > 50%, we considered that
the analysis had heterogeneity; then the sensi-
tivity analysis was needed to assess potential
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radiotherapy lasersurgery Mean Difference Mean Difference
Study or Subqroup Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Batalla 2008 967 88 18 2679 198 19 152% -1912}2891,-033) ——
Dinapoli 2010 M1 17 49 229 155 33 188% -11.80[18.92,-4.66] =
Goor 2006 171 387 20 106 32 36 66% 650113422642
Loughran2005 254 047 18 222 246 18 89% 3.20[1290,19.30 N
peeters 2004 18 26 40 12 30 52 132%  6.00[5.46,17.46) =———
Remmelts 2013 697 72 45 123 91 A7 241%  -5331-8.49,-217) -+
gjogren 2008 176 1665 16 192 173 18 132% -160[}13.02 982 B
Total (95% Cl) 206 233 1000%  -5.12[11.06,082) il
Heterogeneity Tal = 35.56; Chi=17.17, df= 6 (P = 0.009); F= 65% T
Testfor overall effect 2= 1.69 (P = 0.09) Favours [experimental] Favours [control]
Figure 1. VHI (RT VS. LS of Tis-TANOMO).

radiotherapy lasersurgery Mean Difference Mean Difference
Study or Subgroup _ Mean _ SD Total Mean SD Total Weight IV, Fixed, 95%Cl IV, Fixed, 95% CI
Goor 2006 171 387 20 106 32 36 32% 6501342 2642 i
Loughran2005 54 M7 18 222 145 18 49% 320[1287,18.27) I
peeters 2004 18 26 40 12 30 82 06% 6.00(5.46,17.46) o
Remmelts 2013 78 75 3 12 99 36 726% -410[8.27,007) B
sjogren 2008 176 1665 16 192173 18 97% -160[1302,882 -
Total (95% Cl) 125 160 100.0% -2.19[-5.75,1.37] ﬂ
N T
estloroverall effect Z=1.21 (P=0.23) Favours [experimental] Favours [control]
Figure 2. VHI (RT VS. LS of T1aNOMO).

radiotherapy lasersurgery Mean Difference Mean Difference
Study or Subqroup _ Mean  SD Total Mean  SD Total Weight IV, Random, 95% CI IV, Random. 95% CI
Batalla 2008 19904 5146 18 17339 4741 19 28% 2565(6.28,57.58) 1T =
Christine2012 12032 3% 143 67 124% 1500127 49,-251) T
Jotic 2012 16342 2118 15 16848 2316 19 98% -507[2001,987 ==
Milovanovic2013 1697 1405 74 1624 1468 72 264%  -27007.38,1.98) +*
palicamo 2004 1604 5714 200 1523 3400 20 33% 8.10(21.06, 37.26) -1
sjogren 2008 145 274 15 156 183 18 31.4% -11.00(1262,-9.39) .
Tamura2003 160 432 6 16914 3783 14 19% -0.14[-48.98 30.70)
Wedman2002 137 12§ 144 20 15 120% -7.00[19.80,5.80) T
Total (95% CI) 196 244 100.0% -6.55([12.15,-0.94] ’

Heterogeneity. Tau?= 25.32; Chi*=18.32, df=7 (P= 0.01); F= 62%
Testfor overall effect =228 (P=002)

Figure 3. Fo (RT VS. LS of Tis-TANOMO).

sources of the heterogeneity. Sensitivity analy-
ses were conducted to assess the strength of
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N5 0 % K
Favours [experimental] Favours [control]

our findings by excluding one study at a time.
Begg's funnel plot and Egger’s regression test
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radiotherapy lasersurgery Mean Difference Mean Difference
Study or Subgqroup  Mean  SD Total Mean  SD Total Weight IV, Fixed, 95%Cl IV, Fixed, 95% CI

Christine2012 126 32 39 144 3 67 16% -15.00(27.49,-251] -y
sjogren 2008 145 274 15 156 183 18 96.6% -11.00(1262,-9.38) .

Tamura2003 160 432 6 169.14 3783 14 02% -9.14[48.98 30.70] - 1

Wedman2002 137 12§ 144 20 15 16% -7.00[19.80,580] e

Total (95% CI) 69 114 100.0% -11.00 [-12.60, -9.40] |

Heterogeneity. Chi*= 0.78, df= 3 (P = 0.85), F= 0% 00 20 0 50 0

Testfor overall effect Z=13.50 (P < 0.00001) Favours [experimental] Favours [contrl]

Figure 4. Fo (RT VS. LS of TLaNOMO).

radiotherapy lasersurgery Mean Difference Mean Difference

Study or Subgroup _ Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% Cl

Batalla 2008 407 404 18 508 472 19 74% -1.01}-3.84,1.82) e

Christine2012 539 266 39 506 446 31 139%  033[1.45211) T

Milovanovic2013 407 404 74 375 034 72 242% 0321060124 =

policarpo 2004 752 363 20 1222 56 20 70% -4.70[762,-1.79) -

Tamura2003 280178 6 39 16 14 151% -1.00[-274,056] [

Wedman2002 143 0.3 9 13 025 15 324% 0221002 0.46) d

Total (95% CI) 166 171 100.0% -0.37[-1.24,0.50] ﬂ

Heterogeneity. Tau?= 0.59; Chi*= 1385, df= § (P = 0.02); F= 64% LT i A 2
Testfor overalleffect. 2= 0.84 (P = 0.40) Favours [experimental] Favours [control]
Figure 5. Shimmer (RT VS. LS of Tis-TLINOMO).

radiotherapy lasersurgery Mean Difference Mean Difference

Study or Subqroup _Mean  SD Total Mean SD Total Weiqht IV, Fixed, 95% Cl IV, Fixed, 95% CI

Christine2012 539 266 39 506 472 19 11% 033}1.95 261) T

Tamura2003 280178 6 38 16 14 20% -1.00F2.74,0.56) ]

Wedman2002 15303 9 131025 15 969% 0.2210.02,0.46) I

Total (95% Cl) 54 48 100.0% 0.19[-0.04,043)

b Chit= = (P=00) F= f } } {

Heterogeneity: Chi*= 2.38, df=2 (P = 0.30); F= 16% m 0 0 p ™

Testfor overal efct 2= 162 (P = 010) Favours [experimental] Favours [control]

Figure 6. Shimmer (RT VS. LS of TLaNOMO).

were used to evaluate publication bias. In Results
Egger’s test, when P value < 0.10, it was con-
sidered statistically significant publication bias.
All analyses were conducted using Stata v.12
(StataCorp LP, TX) statistical software. If het-

erogeneity was too large or clinical data pro-

Characteristics of included studies

Our keyword search identified from the litera-
ture a total of 13 articles which were included

vided was not sufficient, random-effect model
should be used.
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in our study [41, 9-19, 21], of which 368 patients
with RT and 440 patients with LS, respectively
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radiotherapy lasersurgery Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random., 95% CI
Batalla 2008 072 091 18 044 024 19 197%  0.28[015,0.71) i
Christine2012 048 041 39 047 075 3 266% 0010028030 53
Milovanovic2013 091 014 74 108 011 72 372% -01700.21,-0.13) i
policaro 2004 2124 20 587 587 20 11% 387165014 &
Tamura2003 093 058 6 113 085 14 126% -0.20(0.84,0.44) i i
Wedman2002 838 166 9 867 236 15 28% -0.29(1.90,1.32 S —
Total (95% CI) 166 171 100.0% -0.08[-0.36,0.20]

Heterogeneity: Tau?= 0.05; Chi*=13.12, df= 5 (P =0.02); F= 62% k

Test for overall effect Z= 057 (P=057)

Figure 7. Jitter (RT VS. LS of T1s-TANOMO).

radiotherapy

lasersurgery

1
T T T

-2 2 4

Favours [experimental] Favours [control]

Mean Difference

Study or Subgroup _Mean SD Total Mean SD Total Weiaht IV. Fixed. 95% CI
Christine2012 048 041
Tamura2003 093 058
Wedman2002 838 166

Mean Difference
IV, Fixed, 95% CI

Total (95% CI)
Heterogenedy: Chi*= 0.4, df=2 (P = 0.80); F= 0%
Test for overall effect Z=0.25 (P = 0.80)

39047 075
B 113 085
9 867 236

5

Figure 8. Jitter (RT VS. LS of TiaNOMO).

logo

0

Begg's funnel plot with pseudo 95% confidence limits

31 605% 0.0110.28,0.30)
14 168% -0.20(0.84 044)
15 21% -0.2911.90,1.32

60 100.0% -0.03-0.30,0.23]

L

A0

50 0 010

Favours [experimental] Favours [control]

T
1
s.e. of: logor

Figure 9. Begg's funnel plot for publication bias test. Each point represents
a separate study for the indicated association.
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as shown in Table 1. Among
them, 7 studies contained the
data on VHI; and 8 had the
data on acoustic voice analy-
ses. None of them was com-
pletely randomized studies in
study design; 3 studies were
prospective [1, 16, 17]; and
the rest of them were retros-
pective.

VHI analyses

Seven studies contained data
on VHI, with 206 patients in
the RT group and 233 patients
in the LS group, respectively
[9-15]. The result from the
merged analysis showed a
significant heterogeneity (chi?

Int J Clin Exp Med 2015;8(10):17206-17213
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=17.2,P=0.009, I>=65%), so a random effect
model was used to calculate the pooled effect.
Our current meta-analysis did not find a signifi-
cant difference between patients with RT and
LS (mean difference: -5.12; 95% Cl, -11.1-0.82,
P =0.09) as shown in Figure 1. Due to the obvi-
ous heterogeneity, we removed the proportion
of the largest groups, and we repeated the
analysis which indicated that there were still no
statistically significant differences. As shown in
Figures 1, 4 studies [9, 11, 13, 14] found no
differences in voice outcome after LS and RT
when using VHI in patients with glottic Tis-
TAINOMO laryngeal carcinoma. Three other
studies [10, 12, 15] showed that the quality of
voice, when analyzing VHI in patients withTis-
TANOMO glottic carcinoma, is significantly bet-
ter for patients with RT than those with LS.
When patients with TLaNOMO laryngeal cancer
was also included in our study, 5 studies con-
tained data on VHI, with 125 patients in the RT
group and 160 patients in the LS group, respec-
tively [9-11, 13, 14]. Analysis results meet the
homogeneity (chi? = 3.94, P =0.41, 12 = 0%),
thus we choose the fixed model for data inte-
gration, and no obvious difference was found
between experimental group and control group
(mean difference, -2.19, 95% Cl, -5.75-1.37, P =
0.023) as shown in Figure 2.

Acoustic voice analyses

We analyzed acoustic voice from three aspects:
fundamental frequency (FO, Hz), jitter (%), and
shimmer (%). Among the studies, there of 8
studies [11, 12, 16-21] provided detailed data
on FO among 196 patients in the RT group and
244 patients in the LS group. Analysis results
met the homogeneity (chi? = 18.32, P =0.01, I
=62%), we thus chose the random effect model
for data integration. We found that the Values
of Fo were strongly significantly lower in RT
group (mean difference, -6.55, 95% ClI, -12.2-0,
94, P = 0.02) (Figure 3). Among four studies
contained data on Fo among patients with
T1aNOMO laryngeal cancer, there were 69
patients in the RT group and 114 patients in
the LS group, respectively [11, 17-19]. The anal-
ysis of heterogeneity showed that there were
no heterogeneities among the studies (chi® =
0.78, P =0.85, I? = 0%), thus, a fixed model was
used for the meta-analysis. Values of FO were
also strongly significantly lower in RT group
(mean difference, -11.0, 95% CI, -12.6-9.4], P <
0.00001 (Figure 4).
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The Shimmer was reported in 6 trials [1, 12,
17-19, 21], with 166 patients in the RT group
and 171 patients in the LS group, respectively.
The heterogeneity was identified between the
studies (chi?=13.9, P=0.02, I> = 64%), thus a
random effect model was used for data inte-
gration. The results showed that the difference
between experimental group and control group
with respect to the shimmer was not significant
(mean difference, -0.37, 95% Cl, -1.24-0.50, P
= 0.4) (Figure 5). The shimmer of TLaNOMO
glottic carcinoma was assessed in 3 studies
[17-19] and no significant heterogeneity among
the studies was found (chi? = 2.38, P = 0.30, I
= 16%), and thus a fixed model for the meta-
analysis showed that there is no significant dif-
ference between T1aNOMO glottic carcinoma
patients with RT and LS in shimmer (mean dif-
ference, 0.19, 95% Cl, -0.04-0.43, P = 0.100)
(Figure 6).

The jitter was also reported in 6 studies [1, 12,
17-19, 21]. The Heterogeneity was also identi-
fied (chi? = 13.1, P = 0.02, I> = 62%). No signifi-
cant difference in jitter was found after incorpo-
rated data from each study (mean difference,
-0.08, 95% ClI, -0.36-0.20, P = 0.57) (Figure 7).
The jitter of T1aNOMO glottic cancer was
assessed in 3 studies [17-19]. There was no
heterogeneity among these studies (chi? =
0.44, P = 0.8, 1> = 0%), and a fixed model was
thus used for the meta-analysis. No a signifi-
cant difference was found between the two
groups when comparing the scores of the jitter
parameter in patients with T1aNOMO glottic
cancer (mean difference, -0.03, 95% Cl, -0.30-
0.23, P =0.8) (Figure 8).

Publication bias

Begg’s funnel plot and Egger’s test were per-
formed to assess the publication bias of our
meta-analysis. As shown in Figure 9, the
shapes of the funnel plots did not reveal any
evidence of obvious asymmetry. Furthermore,
the Egger’s test did not show any statistical evi-
dence of publication bias (P = 0.623).

Discussion

RT and endoscopic LS are established treat-
ment modalities for early glottic carcinoma. For
each modality, it has its own advantages. The
treatment of endoscopic LS is quicker and
repeatable, has many salvage options, and do
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not develop mucositis [14]. RT has proven to
have high efficacy, and possibly gives a better
voice outcome [14]. However, to date, it is still
unclear which treatment modalities patients
with early glottic cancer should be used prop-
erly. It was reported that for early glottic carci-
nomas either transoral LS or primary high-dose
RT is applied. RT is recommended for patients
with tumors not suitable for LS because of ana-
tomic reasons [22]. It is likely that the differ-
ence in outcome between two groups may be
subtle and thus the assessment of possible
outcome measures is essential [14].

In our meta-analysis, no significant differences
in VHI, jitter and shimmer were found between
RT and endoscopic LS in Tis-TAINOMO glottic
carcinoma or T1aNOMO glottic carcinoma.
However, in the current study, the values of FO
were significantly lower in RT group than that in
LS group. Therefore, based on our above analy-
sis, we suggest that the LS treatment may have
some advantages in terms of voice quality than
RT. However, we still have some limitations for
such a research: (1) the sample sizes for the
analysis is relatively small, selection bias could
be excluded; (2) the study design for studies
included for current analysis are not completely
randomized controlled; and the proportion of
the prospective study is relatively small. Most
of them are retrospective studies, which may
undoubtedly increase the heterogeneity of our
analysis; and (3) the studies included from lit-
erature lack information on the radiation dose
for RT and different choices of the laser equip-
ment for LS, and such information may also
cause additional heterogeneity among the
studies. In addition, the choice of patient treat-
ment generally depends on the clinician’s pref-
erences, or the patient’s wishes. All the mea-
surements of above factors lack the unified
standards; and thus may have certain impact
on the results. In conclusion, this meta-analysis
demonstrates that the LS has more advantag-
es than RT in terms of voice quality. To confirm
our findings, more and well-designed large-
scale studies are warranted.
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