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Abstract: It remains unclear whether the efficacy of nonsurgical

organ-preservation modalities (NOP) in the treatment of advanced-stage

laryngeal cancer was noninferiority compared with that of total lar-

yngectomy (TL). The objective of this study was to compare the curative

effects between TL and NOP in the treatment of advanced-stage

laryngeal cancer through a meta-analysis.

Clinical studies were retrieved from the electronic databases of

PubMed, Embase, Wanfang, and Chinese National Knowledge infra-

structure. A meta-analysis was performed to investigate the differences

in the curative efficacy of advanced-stage laryngeal cancer between TL

and the nonsurgical method. Two reviewers screened all titles and

abstracts, and independently assessed all articles. All identified studies

were retrospective.

Sixteen retrospective studies involving 8308 patients (4478 in the

TL group and 3701 in the nonsurgical group) were included in this meta-

analysis. The analysis results displayed the advantage of TL for 2-year

and 5-year overall survival (OS)(OR 2.79, 95% CI 1.85–4.23 and OR

1.52, 95% CI 1.09–2.14) as well as in 5-year disease-specific survival

(DSS)(OR 1.79, 95% CI 1.61–1.98), but no significant difference in 2-

year DSS was detected between the 2 groups (OR¼ 2.09,95% CI0.69–

6.40). Additionally, there were no significant differences between TL

and NOP for 5-year local control (LC) either (OR¼ 1.75, 95% CI 0.87–

3.53). When we carried out subgroup analyses, the advantage of TL was

especially obvious in T4 subgroups, but not in T3 subgroups.

This is the first study to compare the curative effects on advanced-

stage laryngeal cancer using meta-analytic methodology. Although

there was a trend in favor of TL for OS and DSS, there is no clear

difference in oncologic outcome between TL and NOP. Therefore, other

factors such as tumor T-stage and size, lymph node metastasis, and
, and Xianquan Zhang, PhD

Abbreviations: CRT = chemoradiation, DSS = disease-specific

survival, LC = local control, NOP = nonsurgical organ-preservation

modalities, OS = overall survival, RCT = randomized controlled

trial, RT = radiotherapy, SCC = squamous cell carcinoma, TL =

total laryngectomy.

INTRODUCTION

C ancer of the larynx is among the most common cancers of
the head and neck, with almost 110,000 to 130,000 new

cases diagnosed worldwide annually.1,2 Most of these cancers
are squamous cell carcinoma, accounting for 85% to 95% of
laryngeal malignant neoplasms.3 The large majority of laryn-
geal cancer patients diagnosed are in early stage which has a
highly cure rate, with 5-year locoregional control rate approach-
ing 90%.4 However, the therapy effects of advanced laryngeal
cancer (stage III or IV) is extremely poorer than that in early
stages. Advanced stage of laryngeal cancer is associated with a
higher rate of relapse and cancer-related death, having crucial
influence on overall prognosis. Increasing patients have already
been in advanced stages, especially in the IV phase, when they
are diagnosed.5 There were 2 different treatment strategies for
advanced laryngeal cancer, namely total laryngectomy (TL) and
nonsurgical organ-preservation modalities (NOP). The imple-
mentation of the latter includes vital conservation surgeries such
as partial vertical laryngectomy (extending hemilaryngectomy),
near laryngectomy with epiglottic reconstruction and supracri-
coid partial laryngectomy (with cricohyo-idoepiglottopexy
reconstruction), and big nonsurgical organ-preservation treat-
ments such as chemoradiation (CRT) and radiotherapy (RT).
However, TL followed by RT or other therapeutic strategy
provided no significant improvement in survival time in the past
30 years.6 Until now, the constituent of optimal treatment
modality for advanced stage larynx cancers still has been
mightily debated in medical research. One of the most con-
troversial questions is the choice between conventional TL and
organ preservation with nonsurgical treatment when facing
advanced-stage laryngeal cancer. TL for laryngeal carcinoma
results in the loss of vocal function, which was a major dis-
advantage of this method. The target of larynx-preservation
approaches is to preserve the functional organ; nevertheless we
worry over the survival rate and time when using such treat-
ments. Whether the survival rate and time of patients with
advanced-stage larynx cancer treated with NOP are noninfer-
iority compared with those who are treated with TL? Which
therapeutic strategy is optimal? Neither do we know. Some
researchers have made efforts to preserve the larynx with
regiments that can improve quality of
physiological function of larynx without
l. Other scholars, however, believe that
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many situations should be considered as the basis of treatment
choice, such as tumor size, the status of tumor invasion and
lymph node metastasis, patient’s performance status, and so on.
Consequently, multiple studies have compared the 2 treatments
of advanced laryngeal cancer. The objective of this study was to
compare the effects between TL and NOP in the treatment of
advanced-stage laryngeal cancer via a meta-analysis. To our
knowledge, this is the first study to compare the 2 methods using
meta-analytic methodology.

MATERIALS AND METHODS

Literature Search Strategy
Literature searching was conducted in the 2 English

databases of PubMed from January 1, 1990, to December 1,
2014, and Embase from 1990 to 2014, and in the 2 Chinese
databases of Wanfang and Chinese National Knowledge Infra-
structure from 1990 to 2014. Additionally, reference lists and
conference proceedings were also checked to identify possibly
additional clinical trials. The search strategies used for
PubMed and Embase are illustrated in Table 1 and Table 2.
Meanwhile, we searched these 2 Chinese databases using the
search terms ‘‘laryngeal cancer’’ and ‘‘total laryngectomy’’ to
identify potential studies for the analysis. Finally, we screened
the references in all reviewed articles to identify additional
articles that were not retrieved in the literature search
described above.

Selection Criteria
This meta-analysis included all studies meeting the follow-

ing criteria: (a) clinic trials compared the curative effects
between primary TL and primary RT or CRT; (b) patients with
nonmetastatic advanced laryngeal squamous cell carcinoma
(SCC) were biopsy-proved and untreated previously; (c) lar-
yngeal cancer included any supraglottic, glottic, or subglottic
lesions; (d) original articles provided sufficient information for
meta-analysis; and (e) papers were published in Chinese or
English language. The study does not involve patient consent, so
ethical approval is not necessary for this study.

Data Extraction

Fu et al
Information from each study was abstracted independently
by 2 investigators using a standardized data extraction form
which were predesigned based on the Cochrane Consumers and

TABLE 1. PubMed Search Strategies

#1 laryngectomy[MeSH Terms] #14 laryngeal carcin
#2 laryngectomy[tiab] #15 laryngeal cancer
#3 larynx surgery[tiab] #16 carcinoma of lar
#4 total laryngectomy[tiab] #17 larynx squamou
#5 laryngeal cancer resection[tiab] #18 larynx squamou
#6 laryngocarcinoma operation[tiab] #19 larynx carcinom
#7 surgical removal of the larynx[tiab] #20 larynx cancer[tia
#8 #1 or #2 or #3 or #4 or #5 or #6 or #7 #21 #9 or #10 or #1
#9 Laryngeal Neoplasms [MeSH Terms] #22 1990/01/01[PDA
[PDAT]
#10 laryngeal Neoplasms[tiab] #23 #8 and #21 and
#11 laryngeal squamous carcinoma[tiab]
#12 laryngeal squamous cell carcinoma[tiab]
#13 laryngocarcinoma[tiab]
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Communication Review Group data extraction template. The
data included first author’s name, publication year, study
design, country of origin, numbers of patients after divided
into various subgroups according to age, sex, tumor site, and
tumor-node-metastasis (TNM) classifications. Any disagree-
ment over extracted data was resolved through discussion
between the 2 investigators to reach a consensus. The primary
endpoint was OS. The secondary endpoints contained DSS and
LC. When key pieces of information were not presented in the
article, the corresponding author was contacted. In the event that
the given information was still not available, it was classified as
‘‘not reported.’’

Quality Assessment
Two reviewers independently screened the titles and

abstracts for initial relevance evaluation. For all initially
retrieved articles, if either reviewer considered any titles or
abstracts meeting the eligibility criteria, their full-text form
were then obtained. The quality and bias risk of the papers were
critically appraised separately by 2 reviewers. Quality assess-
ment was conducted in each of the eligible studies by using the
validated Newcastle-Ottawa Quality Assessment Scale for
cohort studies.7,8 This scale is composed of 8 items that assess
patient selection, study comparability and outcome with scores
ranging from 0 to 9. In our selection criteria, the studies with a
score no <6 were regarded as high quality. Eventual consensus
governance resolved disagreements.

Statistical Methods
Dichotomous results were summarized as pooled odds

ratios (ORs) or weighted mean differences and 95% confidence
intervals (95% CIs) around the point estimates using a random
effects model given the assumption that included studies were
only representative samples of all potentially available studies.
The test for overall pooled effect used the z-statistic with P value
�0.05 representing statistical significance.

The homogeneity of the estimates was formally tested
using the X2 statistic with degrees of freedom and P value
reported. The I2 test was used to measure the extent of incon-
sistency among results and the proportion of total variability
described by heterogeneity rather than chance alone. The pre-
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determined significance level of heterogeneity was P�0.10. All
statistical analyses were carried out using the RevMan 5.2 soft-
ware.

oma[tiab]
[tiab]
ynx[tiab]
s carcinoma[tiab]
s cell carcinoma[tiab]
a[tiab]
b]

1 or #12 or#13 or #14 or #15 or #16 or #17 or #18 or #19 or #20
T]:2014/12/01

#22
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TABLE 2. Embase Search Strategies

#1 laryngectomy/exp #14 carcinoma of larynx
#2 laryngectomy #15 laryngeal cancer
#3 larynx surgery #16 laryngeal carcinoma
#4 total laryngectomy #17 laryngocarcinoma
#5 laryngeal cancer resection #18 laryngeal squamous cell carcinoma
#6 laryngopharyngectomy #19 laryngeal squamous carcinoma
#7 surgical removal of the larynx #20 laryngeal neoplasms
#8 #1 or #2 or #3 or #4 or #5 or #6 or #7 #21 #9 or #10 or #11 or #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20
#9 larynx cancer/exp #22 [1990–2014]/py.
#10 larynx cancer #23 #8 and #21 and #22
#11 larynx carcinoma
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RESULTS

Search Results
A total of 8308 citations were identified from the

electronic databases. We excluded 2895 publications due to
the duplication of the studies. In the review of the titles and
abstracts of remained 5413 articles, we further excluded 5333
ones. According to the inclusion criteria established for the
present study, additional 64 articles were excluded. We thus
finally selected 16 studies in this study, which included 8179
patients with advanced laryngeal cancer. All studies were
retrospective cohort study. The basic characteristics of the
included studies are listed in supplementary Table 1, Supple-
mental Content, http://links.lww.com/MD/A890. The flowchart

#12 larynx squamous cell carcinoma
#13 larynx squamous carcinoma
of this search process is illustrated in Figure 1.
Among the 16 selected studies, 5 of them were included in

the pooled analysis of the 2-year OS, 12 of them were included in

FIGURE 1. Flowchart for study selecting.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
the analysis of 5-year OS, 2 of them were included in the analysis
of 2-year DSS, 6 of them were included in the analysis of 5-year
DSS, 2 of them were included in the analysis of 2-year LC, and 4
of them were included in the analysis of 5-year LC. Quality
assessment with Newcastle–Ottawa Quality Assessment Scale
for cohort studies demonstrated the combined scores of selection,
comparability and outcome were higher than 5 in each of the
selected 16 studies.9–24 The scores are listed in supplementary
Table 2, Supplemental Content, http://links.lww.com/MD/A890.

Clinical and Methodological Heterogeneity
The included studies are all retrospective designs. Multiple

respects in these studies could affect their findings on OS, DSS,
and LC, including various diversities in populations of the study
samples, in the schemes of chemotherapy, in the strategies of
RT, in the proportions of patients in stage IV, in patients’
performance status levels, and in the methods to detect recur-
rence. Therefore, there was considerable clinical and methodo-
logical heterogeneity among the included studies.

We have marked sensitivity analysis on the data. Neither
the OS nor the DSS of the estimated pooled results was
obviously affected when each study was removed in the sen-
sitivity analysis, indicating that no single study dominated our
results. Our sensitive analysis showed that the study by Meg-
walu and Sikora contributed significant heterogeneity to our
results. We considered that the heterogeneity might come from
the significantly bigger sample size than others. And it was a
population-based, nonconcurrent cohort study, the patients
selecting is different from other studies.

Statistical Pooling
The pooled results showed that compared with nonsurgical

treatment, TL was associated with longer survival time, both for
2-year and for 5-year (OR 2.79, 95% CI 1.85–4.23,
P< 0.00001; Figure 2A and OR 1.52, 95% CI 1.09–2.14,
P¼ 0.01; Figure 2B). The difference in T4 subgroup was more
significant (OR¼ 6.75, 95% CI 3.30–13.83, P< 0.00001;
Figure 3A and OR¼ 4.43, 95% CI 2.61–7.51, P< 0.00001;
Figure 3B). In the T3 subgroup, the difference appeared in 2-
year OS (OR¼ 6.52, 95% CI 2.62–16.23, P< 0.00001;
Figure 3C), but not in 5-year OS (OR¼ 1.44, 95% CI 0.59–
3.51, P¼ 0.43; Figure 3D).

In terms of 2-year DSS, there was no significant difference

(OR¼ 2.09, 95% CI0.69–6.40, P¼ 0.19; Figure 4A) between
patients with advanced stage laryngeal cancer who were treated
with TL and those who underwent nonsurgical therapy. But the
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FIGURE 2. Comparison of overall survival (2-year overall survival,
A; 5-year overall survival, B) between total laryngectomy (TL) and

Fu et al
analysis result was in favor of TL in 5-year DSS (OR¼ 1.79,
95% CI 1.61–1.98, P< 0.00001; Figure 4B). Subgroup analysis
demonstrated that the 5-year DSS between the 2 treatment
groups had no statistical difference in the T3 stage
(OR¼ 1.51, 95% CI 0.96–2.37, P¼ 0.07; Figure 4C).

In addition, we found that patients treated with TL had
improved 2-year LC compared with patients treated with non-
surgical treatment (OR¼ 2.67, 95% CI 1.60–4.44, P¼ 0.0002;
Figure 5A). But there were no significant difference between
TL and NOP for 5-year LC (OR¼ 1.75, 95% CI 0.87–3.53,
P¼ 0.12; Figure 5B).

nonsurgical organ-preservation modalities (NOP). CI¼ confidence
interval; NOP¼nonsurgical organ-preservation; OR¼odds ratio;
TL¼ total laryngectomy.
In the meta-analysis performed, the funnel plots were
symmetrical (Figure 6). These results indicate that it is unlikely
that publication bias was significant across included studies.

FIGURE 3. Comparison between the treatment groups for T4 (2-year o
year overall survival for T3, C; 5-year overall survival for T3, D) overa
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DISCUSSION
The quality of the available literature with respect to the

treatment of advanced-stage laryngeal cancer is limited–no
randomized controlled trial (RCT) was identified, and the
majority of studies on this topic had a small sample size,
making detailed and meaningful outcome analysis difficult.
In terms of complications, due to the significant heterogeneity
in the literature, there may produce incorrect results if use meta-
analysis research, so we give up using meta-analysis.

Until now, only a few reviews summarized the contrast of
curative effects between TL and nonsurgical treatment on
advanced laryngeal cancer, but no system evaluation involved
this aspect. In this study, we performed a meta-analysis of 16
published studies to evaluate the differences of survival out-
comes between surgical therapy and laryngeal conservation in
the treatment of advanced laryngeal cancer. First, we compared
2-year OS between the 2 groups. A total of 5 studies included
could not be merged into this comparison because of significant
heterogeneity. Considerable heterogeneity resulting from the
data was not accuracy of individual, so we get rid of the worst
reported by Megwalu and Sikora.9 It was a population-based,
nonconcurrent cohort study, and the data were extracted from
the Surveillance, Epidemiology, and End Results 18 Database.
The 2-year OS rates in patients treated with TL and nonsurgical
treatment were 78.8% and 52.9%, respectively. These results
indicated patients treated with surgery had higher survival rate
(P< 0.00001). In subgroup analysis of T-stage, the T3
(P< 0.0001) and T4 (P< 0.00001) subgroups had the same
results. However, the result of 5-year OS was slightly different.
Specifically, the 5-year OS in patients treated with TL was
superior to that in patients with nonsurgical treatment
(P¼ 0.04), but the difference was not significant. Besides, there
was no statistical difference between the 2 groups in T3 sub-
group analysis (P¼ 0.11), whereas significant difference was
found in the T4 subgroup analysis (P< 0.00001). Then, we
compared 2 years DSS, as a result, no statistical difference was
detected between the 2 groups. Due to limited number of
included studies, we did not perform subgroup analysis for

Medicine � Volume 95, Number 14, April 2016
2-years DSS. But, the 5-year DSS in patients treated with TL
was superior to that in patients with nonsurgical treatment
(P< 0.00001), and the difference was statistically significant.

verall survival for T4, A; 5-year overall survival for T4, B)and T3 (2-
ll survival. CI¼ confidence interval; OR¼odds ratio.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



FIGURE 4. Comparison between the treatment groups for dis-
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Likewise, the advantage of TL in the 5-year DSS was also
revealed in T4 subgroup analysis, though there was only 1
study. The comparison result of this article showed that 5-year
DSS of T4 stage was higher in patients treated with TL than in
those with nonsurgical modalities (P< 0.00001). Nevertheless,
in the T3 subgroup analysis, this advantage was not existent any
more. At last, we compared 2 years LC between the 2 groups,
and found that the amalgamated 2-year LC rate was 76.0% and
54.6% in 129 patients treated with TL and in patients treated
with nonsurgical modalities, respectively. These results indi-
cated that TL provided higher LC rate than nonsurgical mod-
alities (P¼ 0.0002). In the subgroup analysis, we find a same
result in T4 subgroup (P¼ 0.002). However, there was no
statistical difference in 5 years LC rate between the 2 groups.

The results of our meta-analysis manifested that compar-
ing to nonsurgical modalities, TL might improve 2-year OS, 5-
year OS, 5-year DSS, and 2-year LC, without statistically

ease-specific survival (2-year disease-specific survival, A; 5-year
disease-specific survival, B; 5-year disease-specific survival forT3,
C). CI¼ confidence interval; OR¼odds ratio.
significant difference in 2-year DSS or 5-year LC. Therefore,
we hypothesized that TL may be superior to nonsurgical
modalities in improving long-term survival while may not

FIGURE 5. Comparison between the treatment groups for
local control (2-year local control, A; 5-year local control, B).
CI¼ confidence interval; OR¼odds ratio.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
possess a similar advantage for the local control rate. So, in
the treatment of advanced-stage laryngeal cancer, TL cannot be
indiscriminately considered superior to NOP modalities and
vice verse. Then, what affect the survival outcomes of patients
treated with nonsurgical treatment? For this question, the
plausible explanations may lie in many aspects, such as multiple
side-effect of treatments, as well as worse physical condition or
other situations of the patients in the nonsurgical group. And
this analysis was limited in terms of its small sample size, the
difference method of RT and chemotherapy, diverse follow-up
times, and various general situations of the patients. So we need
more clinical trials to answer this question.

When we performed subgroup analysis, the advantage of
TL expressed especially obvious in T4 subgroups, but there was
no statistical difference between patients treated with TL and
those treated with nonsurgical modalities in T3 subgroups. We
thought about the possible reasons for this phenomenon. Tumor
volumetry may be an important factor affecting the effects of
radiation therapy. Dubben et al25 have found tumor volumetry is
a basic predictor of the treatment response and survival among
various types of cancer when treated with RT. Hsin et al10

investigated the impact of primary tumor volume on T4a
laryngeal cancer patients and found that for tumor volu-
me�15 cm3, TL provided a significantly higher 5-year OS
and PFS than definitive chemoradiotherapy (54.5% vs
22.5%, P¼ 0.039; 80.0% vs 32.2%, P¼ 0.017). Maybe the
greater the tumor volume, the higher hypoxic content of the
tumor, the more serious resistance to both RT and chemother-
apy causes by hypoxic microenvironment. And for the larger
volume, compared with the TL, to complete resection of tumor
and its sub clinical range, present radiation technology is
difficult to obtain the effect of complete elimination for T4
tumors. Then, T4 tumors maybe have more severe adverse
effects when treated with CRT compared to cases that have
undergone TL, because of larger clinical target volume. So, TL
has a superior survival outcome when compared with CRT for
T4 laryngeal cancer patients.

From this we infer that the T stage can affect the curative
efficacy of treatment and it may be as a poor prognostic factor
among advanced-stage laryngeal cancer patients treated with
nonsurgical modalities. Therefore the T stage should be taken

FIGURE 6. Funnel plot for publication bias.
into account when choosing local therapeutic methods in order to
improve the quality of decision making and to provide a better
prediction of treatment outcome, especialy, to T4 N0 patients.
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CONCLUSIONS
In conclusion, for advanced-stage laryngeal cancer, no

strong evidence for the superiority of TL to nonsurgical mod-
alities was found in survival or locoregional control, but TL did
express significant advantage in survival and locoregional
control in patients with T4 laryngeal cancer. Choice of treat-
ment, whether it be organ preservation or TL, it is not a simple
question in the choice of treatments for advanced-stage laryn-
geal cancer, so regardless of using TL or nonsurgical modalities,
the factors such as tumor T stage and size, lymph node
metastasis, and physical condition should be important refer-
ence indicators for adopting more suitable treatments.
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