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Abstract Transoral laser microsurgery (TLM) and radiotherapy
(RT) are both accepted treatment modalities for glottic cancer.
The objective of the study was to assess the oncologic outcomes
and life quality of TLM in comparison with RT for T1 glottic
carcinoma. We searched Medline/PubMed, Web of knowledge,
EMBASE, the Cochrane Library, the Wiley online library,
Springer, Google, China National Knowledge Infrastructure
(CNKI), etc. We screened the literature, assessed the quality of
the studies, and extracted the relevant data through the establish-
ment of inclusion and exclusion criteria. Meta-analysis was done
using the Cochrane collaboration’ s RevMan 5.0 for data analy-
sis. A total of 11 studies were included in this meta-analysis. The
laryngeal preservation for patients undergoing TLM was signif-
icantly better than that for RT (P < 0.00). The laser surgery sig-
nificantly improved the overall survival of patients with T1
glottic carcinoma (P =0.04). No statistically significant differ-
ences were found between TLM and RT regarding the local
control (P=0.91). The funnel plot demonstrates no apparent
publication bias in the overall survival and laryngeal preservation
comparison. Our meta-analysis suggested that laser surgery was
a preferred method than radiotherapy with respect to significantly
better overall survival and laryngeal preservation. But the local
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control was not significant different. Further prospective random-
ized controlled studies will be needed.
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Introduction

Laryngeal cancer is the second most common type of head and
neck malignancy worldwide, with estimated 151,000 new cases
and 82,000 deaths annually in the word [ 1, 2]. Glottic carcinomas
represent the majority of laryngeal cancer cases, which is mainly
confined to the anterior portion of the vocal cord [2]. Due to lack
of lymphatic vessels in the glottic area and the early symptom of
hoarseness, glottic tumors can usually be diagnosed at an early
stage, and favorable outcomes can be achieved. Therefore,
optimal management option should be applied to achieve better
oncologic outcomes and lower incidence of complications [3]. It
is generally assumed that transoral laser microsurgery (TLM)
and radiotherapy (RT) are both accepted modalities of treatment
for patients with T1 glottic carcinoma, but not with equal results
[4]. Decision-making has become complex, mainly depending
on the clinical characteristics, patients, and physician preference,
as well as institutional preference [5, 6]. However, no interna-
tionally accepted standard on the preferred treatment is available,
and to our knowledge, no randomized trial exists to aid decision-
making.

Since TLM was introduced to treat malignant lesions of the
larynx in 1972 [7], a large number of ear nose throat (ENT)
doctors compared it with RT. However, the oncologic out-
come of transoral laser microsurgery (TLM) and radiotherapy
(RT) for T1 glottic cancers is still a subject of controversy in
literature. To date, no prospective randomized controlled

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s10103-016-2103-8&domain=pdf

462

Lasers Med Sci (2017) 32:461-467

study has been conducted to compare the effectiveness of TLM
with that of radiotherapy (RT) [5]. Although nonrandomized
studies have numerous flaws, such as the selection bias, the
nonstandard therapies, and different types of staging, they are
quite important because they provide the only available basis
for treatment decision-making [4]. Thus, the purposes of this
study were to systematically review the literature using a meta-
analysis, and to analyze the oncologic results of patients under-
going TLM compared to those of patients receiving RT. The
primary endpoints of this study included local control rate,
overall survival rate, and laryngeal preservation rate.

Methods
Literature search strategy

Medline/PubMed, Web of Knowledge, EMBASE, Cochrane
Library, Wiley online library, Springer, NCBI, and Google
were searched for relevant articles through January 2012.
The full texts or abstracts for all potentially relevant trials were
obtained. The search was designed using the following terms:
early glottic carcinoma, laryngeal cancer/tumor, laryngeal
squamous cell carcinoma, transoral laser microsurgery
(TLM), laser surgery, and radiotherapy (RT).

Inclusion and exclusion criteria

In this review, 11 comparative cohort studies published from
April 1990 to January 2012 were assessed (Fig. 1). The titles
and abstracts were screened for the following inclusion
criteria: (1) patients with previously untreated TINOMO
glottic carcinoma; (2) comparative studies that took TLM or

Fig. 1 Map of the literature
search and selection process

RT as the first treatment for T1 glottic carcinoma; (3) one or
more oncologic outcomes including the local control rate, the
overall survival rate, and the laryngeal preservation rate
should included. Exclusion criteria are as follows: (1) studies
reporting on laryngeal cancer in general without specifying
the location of the tumor; (2) studies reporting only on func-
tional results; (3) studies with incomplete data or similar data
of the outcome; and (4) single-arm studies that reported only
one of the two therapy methods.

Data extraction

Studies were carefully searched independently by two inves-
tigators (Mo Hai-Lan and Jie Li) according to the inclusion
and exclusion criteria. Information that revealed authors and
their affiliations was then blinded before assessing the meth-
odological quality and eligibility for inclusion criteria in this
review. The full texts of eligible studies were obtained, and for
each study, the following data were recorded: (1) publication
information, first authors, and their affiliations; (2) patient and
tumor characteristics; (3) media follow-up time (month), and
(4) treatment and outcome measures as described earlier.

Study quality

The methodological quality of the articles and eligibility for
inclusion were graded based on standards by Wasserman et al.
[8] in otolaryngology journals. According to the established
standards, the levels of evidence were scored as follows: level
I: randomized controlled trials; level II: prospective study with
internal control group; level I1I: retrospective study with inter-
nal control group; level IV: case series without an internal
control group; and level V: consensus or expert opinion

1754 citations collected

1708 citations rejected

46 relevant articles

9 articles were review

12 articles reported only
functional results
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without critical appraisal. Besides, the clarity and complete-
ness of the information were evaluated, including baseline
characteristics, diagnosis and treatment staging standards,
and the reliability of the treatment outcomes.

Statistical analysis

Meta-analysis was performed by pooling the oncologic out-
comes of patients undergoing both treatments. All statistic
analysis was carried out using the statistical package
(RevMan 5.0) by the Cochrane collaboration. Significant het-
erogeneities between studies were examined using the chi-
square statistic and 7 square (1) test. Due to the small number
of studies in some strata, significance was set at P <0.10 for
the P test. I-squared value of less than 25 % is considered low
heterogeneity, 25-50 % moderate heterogeneity, and more
than 50 % high heterogeneity [9]. When statistically signifi-
cant heterogeneity was confirmed (P < 0.10), a random effect
model was used to combine the results. Otherwise, in the
absence of statistically significant heterogeneity (P>0.1), a
fixed effect model was used. The overall effect was tested
using z scores with significance set at P < 0.05. A pooled odds
ratio (OR) with 95 % confidence interval (CI) was performed.
A funnel plot was used to assess the potential publication bias.

Results
Retrieval result
Baseline characteristics of the respective studies are summa-

rized in table 1. A total of 11 studies were included in this
meta-analysis. One of the studies involved patients with T1/

T2 glottic carcinoma, only the data of T1 were included in our
study [11]. The majority of the studies had local control
(LC), overall survival (OS), or laryngeal preservation (LP)
as the primary outcomes. Characteristics and oncologic
outcomes of these studies are summarized in Table 2.
The TNM classification was staged by the Union
Internationale Contre le Cancer (UICC), the American
Joint Committee on Cancer (AJCC), or the commonly
accepted staging systems.

According to the score method, none of the comparative
studies were considered to be high quality (level I). Only two
of the studies [14, 17] were prospective in design (level II),
and the remaining were retrospective cohort studies (level III).
Seven of the studies had addressed selection bias, including
age, sex, anterior commissure involvement (AC), TNM stag-
ing, tumor depth, and follow-up time (shown in table 1). In
some studies, the results were presented in the form of per-
centages of favorable subjects. We converted the percentages
into event numbers so as to analyze the combined values of
different studies. Follow-up periods among studies were in-
consistent and dropouts were not considered.

Detailed results according to different managements

Local control Of the 11 studies comparing transoral laser
microsurgery (TLM) with radiotherapy (RT), two had not de-
tailed local control rate, so only nine studies were included
(shown in Fig. 2). The total patient population was 565 in the
TLM group, and 673 in the RT group. There were very low
heterogeneities among the nine retrospective cohort studies
(chi2 =847, P=039, P=6 %), and the fixed effect model
was then applied. The pooled OR for local control was 0.98
(95 % CI 0.7, 1.38). No statistically significant differences

Table 1  Baseline characteristics of the included studies
Study Arms Time periods  Age, year FM, n Selection bias Staging ELS types  Quality
type of surgery  score
Rosier [10] TLM vs RT vs PL  1979-1995 64 (43-88) 93/13 Age, AC, TNM, FU 1987 UICC Not clear I
Stoeckli [11] TLM vs RT 1990-1998 63 (41-88) 132/8 TNM 1997 UICC  Notclear  III
Goor [12] TLM vs RT Not clear Not clear Not clear  Tumor depth Not clear 1T I
Sjogren [13] TLM vs RT 19962008 70 (33-95) 231/30 AC Not clear I I
Thurnher [6] TLM vs RT vs PL  1948-1997 63.4 (28-90)  309/28 Not clear 2002 UICC  Notclear III
Mahler [14] TLM vs RT 19862005 66 (31-90) 318/33 Time period 2002 UICC  Notclear II
Spector [15] TLM vs RT 1971-1995 61 (24-93) 593/66 Sex 1992 AJCC  Notclear III
Schrijvers [16] TLM vs RT 1990-2004 66 (41-83) Dec-88 Time period AlCC I I
Kujath [17] TLM vs RT 2000-2009 Not clear 113/17 Not clear Not clear Not clear  1I
Osborn [18] TLM vs RT 2004-2009 67 Sep-48 No Not clear Not clear 1T
Brandenburg [19] TLM vs RT Not clear Not clear Not clear AC Not clear Not clear ~ Not clear

TLM transoral laser microsurgery, RT radiotherapy, PL partial laryngectomy, AC anterior commissure involvement, FU follow-up, UICC Union
International Contre le Cancer, AJCC American Joint Committee on Cancer, £LS European Laryngological Society classification
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Table 2  Results of the included studies

Study Location Sample size Stages Follow-up (month) LC, n (%) 0OS, n (%) LP, n (%)

RT TLM RT TLM RT TLM RT TLM RT TLM
Osborn et al. [18] Canada 34 23 Tla, T1b 27 20 3191) 21(91) 3088 21(91) 32(94) 23(100)
Thurnher et al. [6] Austria 108 81 Tla 26 58.5 75(69) 61(75) 91(84) 81(100)
Sjogren et al. [13] Netherlands 70 73 Tla 58 57 53(75) 65(89) 56(80) 61(84) 58(83) 73(100)
Schrijvers et al. [16] Netherlands 51 49 Tla 64 41 37(73) 35(71) 42(82) 45092) 39(77) 47(95)
Kujath et al. [17] Canada 46 51 Tla, Tlb 27 36 40 (86) 51 (100)
Rosier et al. [10] Belgium 41 31 Tla, Tlb 74 33 37(90) 27(88) 30(74) 23(74)
Mahler et al. 2009'? Norway 163 188 Tla 117 70 155 (95) 173 (92) 117(72) 147 (78) 148 (91) 186 (99)
Goor et al. [12] Netherlands 31 54 Tla 24 24 28 (90) 51(94) 30 (96) 54 (100)
Spector et al. [15] USA 194 61 Tla, TIb >36 >36 165 (85) 47 (77) 151 (78) 51(84) 165(85) 55(90)
Stoeckli, et al. [11] Switzerland 45 56 Tla, TIb 70 60 38(85) 48(86) 39(88) 47(85 37(82) 54(96)
Brandenburg et al. [19] USA 44 30 Tla, Tlb 64 64 35(79) 25(83) 42 (95) 30(100)

RT radiotherapy, TLM transoral laser microresection, LC local control, OS overall survival, LP laryngeal preservation

were found between TLM and RT regarding the local control
(P=0.91). The funnel plot demonstrates no apparent publica-
tion bias (data not shown).

Overall survival Regarding overall survival, eight studies
with 562 participants in the TLM group and 706 in the RT
group were included. The chi® and I heterogeneity tests were
assessed revealing no significant differences between the two
treatments (chi2 =1.95, P=0.96, P=0 %), and a fixed effect
model was used. The pooled analysis showed that laser sur-
gery significantly improved the overall survival of patients
with T1 glottic carcinoma (P=0.04) (OR=1.35; 95 % CI
1.02, 1.79) (Fig. 3). No significant publication bias was dis-
covered using the funnel plot methods.

Laryngeal preservation Ten of the included studies com-
pared the laryngeal preservation between patients undergoing
TLM and those undergoing RT. There were a total of 666
patients in the laser group and 786 patients in the radical

Fig. 2 Forest plot showing the
local control between TLM and
RT

Study or Subgrou
Mahler 2009
Osborn 2011
Rosier 1998
Schrijvers 2009
Sjogren 2008
Spector 1999
Stoeckli 2003
Thurnher 2008

Total (95% Cl)
Total events

Heterogeneity: Chi? = 1.95, df =7 (P = 0.96); I = 0% !
Test for overall effect: Z =2.07 (P = 0.04)
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group. The chi-square and /-squared analysis revealed low
heterogeneity among studies (chi’=11.17, P=0.26, I*=
19 %). So a fixed model was used in the test for overall effect.
The pooled OR was 5.81 (95 % CI 3.36, 10.05), showing
significantly better laryngeal preservation for patients under-
going TLM (P < 0.00). (Fig. 4). No publication bias was dis-
covered using the funnel plot method.

Discussion

Organ preservation strategies are critical in the treatment of
laryngeal cancer and have developed over the last 3 decades in
the form of larynx-preservation surgery and radiotherapy [5,
20, 21]. With increased anatomic understanding, clinical ex-
perience, and long-term results demonstrating oncologic effi-
cacy, TLM has become a more and more accepted optimal
laryngeal preservation approach for early and moderately ad-
vanced tumors in place of primary radiotherapy [9, 22].

LM RT Odds Ratio Odds Ratio
Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fix % Cl
147 188 17 163 327% 1.4110.87,2.29] -
2123 30 34 25% 1.4010.23, 8.36] -
23 3 30 41 80% 1.05[0.37, 3.04] -1
45 49 42 51 40% 2.41[0.69, 8.42] T
61 73 5 70 11.3% 1.271[0.54, 2.98] T
51 61 151 194 14.2% 1.45[0.68, 3.10] ™
47 56 39 45 83% 0.80[0.26, 2.45] N
61 81 75 108 19.0% 1.3410.70, 2.57] Bl
562 706 100.0%  1.35[1.02,1.79] *
456 540 . . .

0.01 01 1 10
Favours RT Favours TLM

100



Lasers Med Sci (2017) 32:461-467

465

Fig. 3 Forest plot showing
overall survival between TLM
and RT

Study or Subgrou
Mahler 2009
Osborn 2011
Rosier 1998
Schrijvers 2009
Sjogren 2008
Spector 1999
Stoeckli 2003
Thurnher 2008

Total (95% Cl)
Total events

Heterogeneity: Chiz = 1.95, df = 7 (P = 0.96); I*= 0%
Test for overall effect: Z = 2.07 (P = 0.04)

However, the current available evidence is insufficient to sup-
port the oncologic safety of TLM compared. Therefore, this
study used meta-analysis method on the basis of previous
studies, the previous literature data for a comprehensive anal-
ysis of the results of the two treatments for T1 glottic
carcinoma.

Currently, the comparison between transoral laser micro-
surgery (TLM) and radiotherapy (RT) for T1 glottic carcino-
ma is complicated. In previous single-arm studies, the onco-
logic results of TLM appear to be similar to those of radio-
therapy [23, 24]. To our knowledge, a recent meta-analysis by
Abdurehim presented significantly better laryngeal preserva-
tion rate for laser surgery [25]. However, in our study, we
revealed not only significantly better laryngeal preservation
rate but also better overall survival rate for patients treated
with laser surgery, compared to that for those treated with
radiotherapy. Besides, the pooled local control rate in our
study was similar to that in Abdurehim’ s [25].

Although TLM appeared to yield better results than RT
in our analysis, some limitations may affect the quality of
this review. In some studies, patients with surgical risk
factors, larger and more infiltrating tumors, or tumors
slightly invading the anterior commissure, radiotherapy

Fig. 4 Forest plot showing
laryngeal preservation between

TLM and RT. The squares and Brandenburg 2001

horizontal lines correspond to the Goor 2007

study-specific OR and 95 % CL Kujath 2011

The areas of the squares reflect Mahler 2009

the study-specific weight (inverse Osborn 2011

of the variance). The diamond Schrijvers 2009

represents the summary OR and Sjogren 2008

95 % CI Spector 1999
Stoeckli 2003
Thurnher 2008

Total (95% Cl)
Total events

Heterogeneity: Chi? = 11.17, df = 9 (P = 0.26); I*= 19%
Test for overall effect: Z = 6.30 (P < 0.00001)

LM RT Odds Ratio Odds Ratio
Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
147 188 17 163 32.7% 1.4110.87,2.29] -
2123 30 34 25% 1.40{0.23, 8.36] -
23 3 30 41 80% 1.05[0.37, 3.04]
45 49 42 51 40% 24110.69, 8.42] T
61 73 5 70 11.3% 1.27[0.54, 2.98] T
51 61 151 194 14.2% 1.45[0.68, 3.10] ™
47 56 39 45 83% 0.80[0.26, 2.45] -
61 81 75 108 19.0% 1.3410.70, 2.57] B
562 706 100.0%  1.35[1.02,1.79] *
456 540 . . . .
0.01 0.1 1 10 100

Favours RT Favours TLM

was a preferred choice in some studies [6, 10]. On the
other hand, patients with superficial lesions, with Tla tu-
mor away from the anterior commissure, and the vocal
process were more often treated by TLM. Taken together,
only T1 glottic carcinoma was included in this compari-
son, and no significant heterogeneity among the studies
was observed. Therefore, under the premise of not taking
into account the above factors, our research shows that
laser therapy is superior to radiotherapy for T1 glottic
carcinoma.

In general, the optimal treatment strategy for T1 glottic
carcinoma could offer the best cure rates, the best functional
results, and the least complications and cost [10]. As very few
validated or standardized functional assessment (mainly for
voice and life quality) instruments exist, the evaluation of
quality of voice and life had been challenged. Among the
included studies, only three described the voice and/or life
quality, and no differences were detected in these studies
[13, 14, 17]. Our study is mainly concerned with the oncolog-
ical outcomes, and future studies involving more detailed
functional outcome and cost are needed. With these limita-
tions of our study, more strictly designed, randomized con-
trolled, multicenter trials will be needed.

LM RT Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Fixed. 95% Cl M-H, Fixed, 95% CI
30 30 42 44 3T7% 3.59[0.17,77.44] -
54 54 30 31 23% 536[0.21,13567] B —
51 51 40 46 27% 16.53[0.90, 302.17]
186 188 148 163 11.1%  9.43[2.12,41.87] -
23 23 32 34 36% 3.62[0.17,78.85] - -
47 49 39 51 102% 7.23[1.53,34.27] -
73 73 58 70 2.6% 31.41[1.82,541.65] -
55 61 165 194 51.0% 1.611[0.64, 4.09] L
54 56 37 45 96% 5.84[1.17,29.06] -
81 & 91 108 3.1% 31.17[1.85,526.65] —_—
666 786 100.0%  5.81[3.36, 10.05] ‘
654 682 . . . .
I0.01 071 1 1I0 100I

Favours RT Favours TLM
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