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Background: Esophagectomy offers the chance of cure for esophageal cancer, however, the optimal
circumferential extent of surgery remains uncertain. En bloc esophagectomy (EBE) and total meso-
esophagectomy (TME) have yielded inconsistent results. Therefore, the purpose of this study was to evaluate
the surgical and oncological effects of EBE and TME on esophageal cancer patients.

Methods: Four databases including PubMed, Cochrane Library, Web of Science, and Embase were
searched through to March 1%, 2022, and the references of eligible studies were further evaluated.
Randomized controlled trials comparing the efficacy of EBE and TME were included, and the risk of biases
for included studies was assessed with the Cochrane risk of bias tool by two reviewers independently. The
outcomes were recorded as mean difference, risk ratio, odds ratio, and hazard ratio with its corresponding
95% confidence interval.

Results: Overall, a total of 14 randomized controlled trials involving 3,106 subjects were included.
Compared with standard resection, higher blood loss [mean difference =56.29 (14.80, 97.77), P=0.008], more
dissected lymph nodes [mean difference =14.39 (9.79, 19.00), P<0.001], and superior long-term outcomes for
early [overall survival: hazard rato =0.31 (0.10, 0.96), P=0.04; disease-free survival: hazard ratio =0.71 (0.41,
1.21), P=0.21] and advanced-stage esophageal cancer patients [overall survival: hazard ratio =0.47 (0.33, 0.66),
P<0.001; disease-free survival: hazard ratio =0.62 (0.38, 0.99), P=0.05] were observed in the EBE group,
while TME showed less blood loss [mean difference =-74.03 (-96.69, -51.38), P<0.001], shorter operation
time [mean difference =-32.37 (-65.12, 0.37), P=0.05], and better overall survival [hazard ratio =0.74 (0.55,
0.98), P=0.04].

Conclusions: EBE is highly technically demanding and is associated with comparable surgical trauma
and better long-term outcomes comparted to the standard esophagectomy. TME has a better long-term
prognosis without improving operative bleeding and operation time. Further prospective studies are required
to verify the efficacy of EBE and TME.
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Introduction

Despite the progress in multiple treatment modalities,
esophageal cancer is one of the most prevalent and deadly
carcinomas worldwide (1,2). Surgical resection of the
esophagus remains the mainstay of radical treatment (3).
However, radical resection can be traumatic, and non-
extended surgery might put the patient at a risk of non-
radical resection. Thus, the optimal circumferential extent
of surgical resection has not yet been determined.
Different modalities of esophagectomy have been
developed in order to explore the optimal circumferential
extent of surgery according to precision medicine (4,5). En
bloc esophagectomy (EBE) was originally proposed by Logan
as an extended esophageal surgery (6). For middle and lower
esophageal cancer, besides the esophagus, EBE involves
resection of the pericardium anteriorly, pleural surfaces
laterally, the thoracic duct, and all other lymphoid tissues on
the ventral side of the spine posteriorly (7). Notably, Cuesta
et al. described an anatomic fascia between the descending
aorta and carina called the meso-esophagus, similar to the
mesorectum. Thus, total meso-esophagectomy (TME) has
become a newly explored surgical method (8,9). During TME,
vascular and lymphatic fatty tissue and nerves around the
esophagus are removed as a single anatomical unit ending at
the level of the azygos vein superiorly. The meso-esophagus
with the tracheoesophageal sulcus and recurrent laryngeal
nerve (RLN) lymph nodes (LNGs) are dissected along the spine
to the thoracic outlet. A previous study described that extensive
resections could be accompanied by high postoperative
morbidity as well as superior long-term oncological
outcomes (10). As reported by several studies, minimally
invasive esophagectomy (MIE) can be a safe and feasible
treatment modality for esophageal cancer, and the integration
of EBE and TME with this advanced technique may shed a
light on the surgical treatment of esophageal cancer (11).
Therefore, based on the results of randomized controlled
trials (RCTs), we conducted the present systematic review
and meta-analysis to evaluate the outcomes of EBE and
TME, as well as the long-term prognosis of the 2 surgeries.
We present the following article in accordance with the
PRISMA reporting checklist (available at https://amj.
amegroups.com/article/view/10.21037/amj-22-38/rc).

Method
Search strategy

Several electronic databases were used to conduct the
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search strategy, including PubMed, Cochrane Library,
Web of Science, and Embase, and the index date was
up to March 1%, 2022. The search keywords included
“esophageal cancer”, “en bloc esophagectomy”, and
“meso-esophagectomy”. The references of the screened
and selected studies were also manually searched in the
databases and assessed. The details of the search strategy
and results are listed in Tables S1,S2. Citation searches
of the eligible studies and reviews were also manually

performed for potential related articles.

Study selection

Articles were identified by 2 reviewers (FS, HJ)
independently according to the inclusion and exclusion
criteria. The inclusion criteria were as follows: (I) clinical
studies that enrolled patients with histologically or
cytologically confirmed esophageal carcinoma; (II) studies
that used EBE or TME as the mainstay of radical curative
therapy; (III) studies comparing EBE or TME with other
surgeries for patients with esophageal carcinoma; (IV)
studies reporting at least one of the following outcomes:
operation time, intraoperative blood loss, LN dissection,
RO resection rate, postoperative morbidity and mortality,
overall survival (OS), and disease-free survival (DFS). The
exclusion criteria were as follows: (I) single-arm studies; (II)
non-clinical studies.

Data extraction

Two authors (FS, HJ) reviewed the studies independently
and extracted the continuous and discontinuous data from
the studies. Characteristics of the studies including first
author, publication year, research centers, methodology
(study design, randomization, and allocation), sample size,
demographic characteristics, treatment modality, and short-
term and long-term outcomes were collected. The sample
size, mean, and standard deviation (SD) were collected for
continuous variables such as age, operation time, blood
loss, and the number of LNs acquired. If the SD was not
available in the literature, then the SDs would be calculated
according to the guideline of the Cochrane handbook,
while sample size and number of events were collected
for discontinuous data such as sex distribution and RO
resection (12). As for OS and DFS, the rate at every time
point was estimated from Kaplan-Meier curves with
Engauge Digitizer (version 11.1). Sample size and cases at
risk at several time points were also documented.
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Evaluation of quality

The quality of the selected studies was evaluated by
2 reviewers (FS, HJ) with the Cochrane risk of bias tool
for RCTs. The tool contains the following 7 key items: (I)
randomization; (II) allocation concealment; (III) participant
blinding; (IV) outcome assessment blinding; (V) incomplete
outcome data; (VI) bias in reporting; and (VII) other bias.
Each study was graded into 3 levels for each item as “low
bias risk”, “unclear bias risk”, and “high bias risk” according
to the reviewers.

Statistical analysis

Before comparison, the units of the outcomes were
converted into standard international units. The software
Review Manager 5.4 was used to calculate every outcome
for the meta-analysis. For short-term outcomes, the risk
ratio (RR) was used for the assessment of discontinuous
data, and the mean difference (MD) was used for
continuous data. The log-rank observed minus expected
events (O-E) and the log-rank variance (V) were derived
from Kaplan-Meier curve data and follow-up data (13).
Survival benefits were recorded as a hazard ratio (HR)
calculated from O-E and V. The 95% confidence interval
(CI) was used to estimate the population parameter. A
value of P<0.05 was considered statistically significant.
The short-term and long-term results were shown in
forest plots and funnel plots containing no less than
10 studies to avoid potential publication bias, which was
assessed using Begg’s rank correlation test and Egger’s test
in STATA (version 16.0).

I’ and Chi squared were derived from the results to
evaluate heterogeneity between the studies. The P value
was interpreted as follows: in the analysis of short-term
outcomes, if ’'<S50% or could be adjusted by excluding
several heterogeneous studies, then we considered the
heterogeneity between studies as not important and the
fixed effects model with the Mantel-Haenszel method
was used in the secondary analysis. If I’>50%, there was
moderate or greater heterogeneity, and the random effects
model with the Der-Simonian and Laird method was
used for further analysis. The degree of heterogeneity
was judged in terms of P value: 0.01<P<0.05 indicated
moderate heterogeneity and P<0.01 indicated substantial
heterogeneity. High heterogeneity may greatly harm the
level of evidence grade, except that all of the studies showed
a consistent direction in the forest plot.

© AME Medical Journal. All rights reserved.
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Results
Search results

The search strategy yielded 1,475 and 307 articles from
databases and citation searching respectively, and 294
duplicate records were removed with Endnote X9. Of the
remaining 1,181 articles, 1,129 were excluded for reasons
including irrelevant topic, review articles, and commentary
articles. After evaluating the full text, 38 further exclusions
were made according to the inclusion and exclusion
criteria. Finally, fourteen studies met the inclusion criteria
and were included in the meta-analysis (flow diagram
shown in Figure 1).

Study characteristics

The publication centers of the included studies, which
were published between 1993 and 2021, were in Europe
(n=5) (14-18), North America (n=4) (19-22), and Asia (n=5)
(23-27). Five of the included studies were published in
the recent 5 years, while 2 were published before 2000. In
10 studies of EBE, patients in the control groups received
transhiatal esophagectomy (THE) in eight studies and
standard resection in 2 groups, while non-TME was
performed in the control groups of four TME studies.
In ten studies (14-22,25), there were 892 patients in the
control groups and 1,105 patients received EBE in the
study groups. In the remaining four studies (23,24,26,27),
566 cases of TME were performed compared with
553 cases of standard esophagectomy. A brief summary of
the included studies is shown in Tuble 1.

Bias assessment

According to the Cochrane Library Handbook, performance
biases, detection biases, or other biases were not observed in
the studies. The main possible biases focused on selection
bias and attrition bias. More than half of the studies did not
describe the precise method for random sequence generation,
and the allocation method was unable to be evaluated in five
studies. Attrition bias in three studies and reporting bias in
one study showed an unclear risk. The detailed biases of the
included studies are shown in Figure 2, and the comprehensive
risk of bias that affected the results was fairly low.

Demographic characteristics

The demographic characteristics of gender and age were
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Page 4 of 15 AME Medical Journal, 2022
[ Identification of studies via databases j [ Identification of studies via other methods j
()
= Records identified from EBE: Records removed before Records identified from:
-(% e Databases (n=1,345) | 5| screening: e Citation searching of EBE
2 Records identified from TME: ¢ Duplicate records removed (n=237)
‘g e Databases (n=130) (n=294) e Citation searching of TME
i (n=70)
-/ .
¥ Reports excluded for following
. reasons (n=1,129):
Records screened for titles ) ) .
> Review articles;
and abstracts (n=1,181) -
- Irrelevant topic;
£ Animal studies;
@ Y
(9} etc. .
3 Y Reports sought for retrieval Reports not retrieved
— n=13
FL_I”l"(_eft reports assessed for | | Reports excluded for single- (n=307) ( )
eligibility (n=52) arm studies and low-quality ¢
-/ .
¢ studies (n=38) Reports excluded
Yo Reports assessed for eligibility (n=294):
b Studies for EBE included in (n=294) Duplicates;
B review (n=10) Irrelevant topic;
(_C) Studies for TME included in Review articles;
review (n=4) etc.

Figure 1 The flow diagram of the search strategy. EBE, en bloc esophagectomy; TME, total meso-esophagectomy.

collected. Eight EBE studies and four TME studies included
statistics on gender distribution (14,16-21,23-27), and
the gender distribution did not differ in the experimental
group or control group [OR =0.90 (0.73, 1.12), P=0.34]
but showed heterogeneity from subgroup differences and
within-group differences. No significant difference was
found in the subgroup analysis (Figure 34). The age of
participants in seven EBE studies and three TME studies
were concluded (14,17-21,23-25,27). Although substantial
heterogeneity existed, we observed that there were more
younger participants in the experimental group [MD =-4.27
(-4.92, -3.63), P<0.001] (Figure 3B). This difference mainly
came from the EBE subgroup [MD =-5.21 (-5.90, -4.52),
P<0.001], but the TME subgroup showed an opposite result
[MD =1.93 (0.15, 3.70), P=0.03].

Operation outcomes

The operation outcomes mainly included operation time,
blood loss during surgery, the number of LNs dissected,
and the RO resection rate.

Operation time
Operation time was included in seven studies and involved

© AME Medical Journal. All rights reserved.

2027 patients (Figure 44) (14,20,23-27). As heterogeneity
was obvious between the studies (I’=99%, P<0.001), we
used the random effects model for the comparison. A
different effect on the operation time was observed in
the 2 subgroups. EBE had a borderline longer operation
time [MD =101.44 (-1.66, 204.55), P=0.05], while TME
had a shorter operation time [MD =-32.37 (-65.12, 0.37),
P=0.05]. Although heterogeneity was substantial in both
subgroups (I’=98%, P<0.001 for EBE; I'=99%, P<0.001 for
TME), studies in the EBE subgroup unanimously indicated
a longer operation time for EBE.

Intraoperative blood loss

The I’ was higher than 50% between the six included
studies (I’=94%, P<0.001), and as a result, we used the
random effects model in the analysis of blood loss during
surgery (Figure 4B) (20,23-27). A diametrically opposite
effect of EBE and TME on blood loss was found, so the
combination of the 2 surgeries was not considered. There
was significantly greater blood loss in EBE compared with
the control group [MD =56.29 (14.80, 97.77), P=0.008;
I’=0%, P=0.44]. The same trend of less blood loss was
found in the four studies on TME [MD =-74.03 (-96.69,
-51.38), P<0.001], regardless of the heterogeneity (I’=94%,

AME Med 72022;7:23 | https://dx.doi.org/10.21037/amj-22-38
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Table 1 Basic characteristics of the studies included in the meta-analysis

Histology (SCC/ Stud
Study Country I AC, /c?tsr/]érs) Treatment strategy Participants del;igjln Outcomes
Grotenhuis Netherlands 46/86/- Transthoracic EBE with extended 132 RCT Gender, age, operation time,
etal. 2010 (14) lymphadenectomy LN acquired, RO resection,
12/78/- THE surgery % postoperative complication, OS
and DFS
Rizzettoetal. USA —/40/- Neoadjuvant therapy followed by EBE 40 RCT Gender, age, LN acquired and OS
2008 (19) —/18/- Neoadjuvant therapy followed by THE 18
Donohoe et al. Ireland Unknown Transthoracic EBE 438 RCT LN acquired, RO resection,
2012 (15) 8/24/— THE surgery 32 postoperative complication and
(6]
Yekebas etal. Germany 79/- /- Transthoracic EBE with two-field 79 RCT Gender, LN acquired and DFS
2006 (16) lymphadenectomy
41/-/- THE with en bloc lymphadenectomy 41
Corsini et al. USA -/133/- En bloc transthoracic Ivor Lewis 133 RCT Gender, age, operation time,
2021 (20) esophagectomy blood loss, LN acquired,
—/471/- Modified transthoracic Ivor Lewis 471 RO reslectl.on, postoperative
complication and DFS
esophagectomy
Fu et al. China Unreported  Thoracoscopic TME 45 RCT Gender, age, operation time,
2012 (23) Thoracoscopic esophagectomy 61 blood Ioss,'LN acqmred .and
postoperative complications
Junhui et al. China 122/10/- Thoracoscopic TME 132 RCT Gender, age, operation time, blood
2017 (24) 121/9/- Mckeown open esophagectomy 130 loss, L_N a.cqwred, postoperative
complication and OS
Fujiwaraetal. Japan 31/1/2 THE plus transthoracic EBE 34 RCT Gender, age, operation time,
2016 (25) 21/2/- Transhiatal subtotal esophagectomy 23 blood lloss, LN acquired, BO
resection and postoperative
complication
Hagen et al. USA 4/10/16 EBE with gastrectomy 30 RCT Gender, age and OS
1993 (21) 13/10/16 Transhiatal esophago-gastrectomy 39
Hulscher et al. Netherlands —/114/- Transthoracic EBE with extended 114 RCT Gender, age, LN acquired,
2002 (17) lymphadenectomy RO resection, postoperative
—/106/~  THE with en bloc lymphadenectomy 106 complication, OS and DFS
Johansson Sweden -/27/- Transthoracic EBE 27 RCT Gender, age, LN acquired, RO
etal. 2004 (18) 120/ THE 20 resection and OS
Lin et al. China 249/~ /- TME 249 RCT Gender, operation time, blood
2021 (26) 249//- Non-total meso esophagectomy 249 loss, postoperative complication,
OS and DFS
Altorki et al. USA 38/90/- EBE 78 RCT RO resection, postoperative
1997 (22) Standard esophageal resection 50 complication and DFS
Akiyama et al. Japan 84/2/1 TME 87 RCT Gender, age, operation time,
2018 (27) 51//2 Non-meso esophagectomy 53 blood loss, LN acquired and

postoperative complication

EBE, eb bloc esophagectomy; TME, total meso-esophagectomy; THE, transhiatal esophagectomy; RCT, randomized controlled trial; LN,
lymph nodes; OS, overall survival; DFS, disease-free survival.
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Figure 2 The result of biases assessment for the included articles. (A) Risk of bias graph. (B) Risk of bias summary.

P<0.001).

LNs dissected

The comparison of dissected LNs included twelve
studies involving 2,765 patients. Eight studies involving
1,759 patients were on EBE, while four studies involving
1,006 patients were on TME (Figure 4C) (14-20,23-27).
The experimental groups had more dissected LNs than
the control groups [MD =11.63 (6.11, 17.15), P<0.001],
and the random effects model was used due to substantial
heterogeneity (I'=97%, P<0.001). All the studies showed a
unanimous effect in the experimental group. Although the
difference in the TME subgroup was not significant, both
subgroups have substantial within-group heterogeneity
(I’=88%, P<0.001 for EBE; ’=99%, P<0.001 for TME) and
had a greater number of LNs dissected than the standard
resection [MD =14.39 (9.79, 19.00), P<0.001 for the EBE
group; MD =6.80 (-2.76, 16.35), P=0.16 for the TME

© AME Medical Journal. All rights reserved.

group].

RO resection rate

In the TME subgroup, only Lin er /. described that
non-RO resection was one of the exclusion criteria (26).
As other studies did not mention the RO resection rate,
we only compared the RO rate of EBE with the control
group. The heterogeneity was significant between the six
included studies with 1,701 patients (I’=61%, P=0.02), so
the fixed effects model was used for analysis (Figure 4D)
(14,15,17,20,22,25). EBE had a higher RO resection rate [RR
-1.06 (1.02, 1.11), P=0.002].

Postoperative outcomes

The evaluated postoperative outcomes included pulmonary
complications, RLN injury, anastomotic complications, and
postoperative mortality.

AME Med 72022;7:23 | https://dx.doi.org/10.21037/amj-22-38
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A Experimental Control Odds Ratio 0Odds Ratio
Study or Subgrou Events Total Events Total Weight M-H.Fixed, 95% CI M-H. Fixed, 95% CI
1.1.1 EBE
Brechtje A Grotenhuis 2010 100 132 79 80 13.4% 0.04 [0.01,0.30]

C Rizetto 2008 35 40 16 18  1.6%  0.88(0.15, 5.00] N B
Emre F Yekebas 2006 63 79 27 41 41% 2.04[0.88, 4.76] T
Erin M Corsini 2021 120 133 424 471 10.3% 1.02[0.54,1.95] .

H Fujiwara 2016 30 34 16 23 1.3% 3.28(0.83,12.91] T
JAHagen 1993 27 30 32 39 16%  1.97(0.46,8.36] ]

Jan B F Hulscher 2002 97 114 92 106 8.0% 0.87 [0.40, 1.86] I

Jan Johansson 2004 26 27 18 22 0.4% 5.78[0.60, 56.05] ]
Subtotal (95% CI) 589 800 40.6%  0.92[0.66, 1.28] <

Total events 498 704

Heterogeneity: Chi*= 19.83, df = 7 (P = 0.006); F= 65%

Testfor overall effect: Z= 0.50 (P = 0.62)

1.1.2 TME

Fu Junhui 2012 34 45 49 61 5.7% 0.76[0.30,1.91] 1

Fu Junhui 2017 105 132 98 130 11.4% 1.2710.71,2.27] T
Jihong Lin 2021 219 302 236 309 361% 0.82[0.57,1.17]

Yuiji Akiyama 2018 70 87 45 53 6.2%  0.73[0.29,1.84] 7‘.‘;
Subtotal (95% CI) 566 553 59.4%  0.89[0.67, 1.17]

Total events 428 428

Heterogeneity: Chi*=1.94, df= 3 (P = 0.58); F= 0%

Testfor overall effect: Z= 083 (P=0.41)

Total (95% Cl) 1155 1353 100.0%  0.90[0.73, 1.12] 4

Total events 926 1132

Heterogeneity: Chi*= 22.08, df= 11 (P = 0.02); F= t t t t
Teegfgrgzveergfll gﬁect ;ioﬂsgg (P= 0(.342'U pan e U.ODF5av0urs [exoljarimental] Favours [control] 200
Testfor subaroun differences: Chi*=0.02. df=1 (P=0.88). F=0% P

B Experimental Control Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD_Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.2.1EBE
Brechtje A Grotenhuis 2010 63 12 132 66 10.75 90 45% -3.00[-6.02,0.02)

C Rizetto 2008 54.5 89 40 64 115 18 1.2% -950[15.49,-3.51]

Erin M Corsini 2021 621 129 133 62 97 4N 7.4% 0.10[-2.26, 2.46) -

H Fujiwara 2016 67 7 34 71 105 23 1.7% -4.00[-8.89,0.89] e
JAHagen 1993 59.8 16 30 656 1.7 39 B7.5% -5.80 [-6.58,-5.02] |

Jan B F Hulscher 2002 64 1075 114 69 14 106 3.8% -5.00[-8.32,-1.68] I

Jan Johansson 2004 57 165 27 7 7.5 22 09% -1400(2097,-7.03] —

Subtotal (95% CI) 510 769 86.9%  -5.21[-5.90,-4.52] L]
Heterogeneity: Chi*= 32.01, df= 6 (P < 0.0001); F=81%

Testfor overall effect: Z=14.81 (P < 0.00001)

1.2.2 TME

FuJunhui 2012 60.4 76 45 586 5.3 61 6.2% 1.80[-0.79, 4.39] T
FuJunhui 2017 59.4 83 34 60 8.4 23 21% -0.60[-5.02,3.82) /T
Yuiji Akiyama 2018 66.9 87 87 637 85 53 48% 3.20(0.27,6.13] P
Subtotal (95% CI) 166 137 13.1% 1.93[0.15, 3.70] >
Heterogeneity: Chi*=1.99, df= 2 (P = 0.37); F=0%

Testfor overall effect: Z=2.13 (P = 0.03)

Total (95% Cl) 676 906 100.0%  -4.27 [-4.92,-3.63] L
Heterogeneity: Chi*= 87.90, df = 8 (P < 0.00001); I*= 90% N T ) o 5

Testfor overall effect: Z=13.03 (P < 0.00001)
Testfar subaroun differences: Chi*= 53 G0 df=1 (P < 0.00001Y F= 88 1%

Favours [experimental] Favours [control]

Figure 3 Forest plots comparing the demographical characteristics between experimental group and control group. (A) Gender distribution.

(B) Age distribution. EBE, en bloc esophagectomy; TME, total meso-esophagectomy.

Pulmonary complications

Pulmonary complications mainly refer to postoperative
pneumonia, respiratory failure, pulmonary embolism,
and atelectasis pleural effusion requiring drainage. Six
studies on EBE and four studies on TME were reviewed
in this analysis (Figure 5A4) (14,15,17,20,22-27). Due to
high heterogeneity (I’=60%, P=0.008), the random effects
model was used, and there was no significant difference in
pulmonary complications postoperatively [RR =1.13 (0.89,
1.43), P=0.32]. Additionally, no significant difference in
the incidence of pulmonary complications was found in
the subgroup analysis [RR =1.22, (0.85, 1.75), P=0.27 and
I’=71%, P=0.004 for the EBE subgroup; RR =0.97 (0.79,

© AME Medical Journal. All rights reserved.

1.18), P=0.75 and I’=0%, P=0.98 for the TME subgroup].

RLN injury

Symptoms described as vocal cord paralysis, RLN palsy, and
hoarse voice were involved in the analysis. The included
studies were the same as those on pulmonary complications
and involved 2,707 patients (Figure 5B) (14,15,17,20,22-27).
We observed a heterogeneous result with no difference in
the incidence of RLN injury as determined by the random
effects model [RR =1.08 (0.52, 2.22), P=0.84; I’=67%,
P=0.001). Both EBE (RR =0.76 (0.27, 2.13), P=0.60) and
TME [RR =1.77 (0.56, 5.60), P=0.33] were not associated
with a higher risk of postoperative RLN injury.
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Anastomotic complications

Postoperative anastomotic complications mainly included
anastomotic leakage. Six RCTs on EBE and four RCTs
on TME were included (Figure 5C) (14,15,17,20,22-27).
Considering that heterogeneity between and within groups
was minor (I'=0%, P=0.87 for total; ’'=0%, P=0.85 for the
EBE subgroup; I’'=0%, P=0.46 for the TME subgroup), the
fixed effects model was used. No significant difference was
observed in the incidence anastomotic complications [RR
=0.79 (0.60, 1.05), P=0.10], and a similar result was obtained
in the subgroup analysis [RR =0.86 (0.58, 1.27), P=0.45 for
the EBE subgroup; RR =0.73 (0.50, 1.08), P=0.12 for the
TME subgroup].

Postoperative mortality

Eight studies and 2,339 participants were included in
the comparison of postoperative mortality (Figure 5D)
(14,15,17,20,22,25-27). As no significant heterogeneity was
observed in the comparison or subgroup analysis (I’=0%,
P=0.96 for the global analysis; I’'=0%, P=0.93 for EBE;
I’'=0%, P=0.46 for TME), the fixed effects model was used.
Postoperative mortality was not significantly different
between the experimental group and control group in the
global analysis or subgroup analysis [RR =1.15 (0.71, 1.84),
P=0.57 for the global analysis; RR =1.17 (0.72, 1.91), P=0.52
for the EBE subgroup; RR =0.77 (0.10, 6.10), P=0.81 for
the TME subgroup].

Long—term outcomes

The main indicators for long-term outcomes were OS and
DEFS. Patients in EBE studies were further grouped into
early stage and advanced stage by TNM stage and LN status
according to postoperative pathology. The pathological
stage in the study by Hagen et a/. was different from others,
and it was considered as 2 studies in the advanced subgroup
analysis, with Hagen-1 for intermediate stage and Hagen-2
for late stage (21).

(O}

Seven studies provided the OS information of 1,364 patients
(Figure 64) (14,17-19,21,24,26). Heterogeneity was
significant between studies (I’=58%, P=0.03), and OS was
better in the extended surgical group than in the standard
group [HR =0.79 (0.66, 0.94), P=0.008]. In the subgroup
analysis, the EBE group showed moderate heterogeneity
(I’=62%, P=0.03) and without significant superiority in OS
[HR =0.82 (0.65, 1.03), P=0.08]. The TME group showed

© AME Medical Journal. All rights reserved.
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similar heterogeneity (I’'=69%, P=0.07) and significantly
better OS [HR =0.74 (0.55, 0.98), P=0.04].

DFS

Six studies included the DFS data of 1,799 patients
(Figure 6B) (14,16,17,20,26,27). The results showed a better
DEFS in the experimental group [HR =0.82 (0.70, 0.95),
P=0.008], with subtle heterogeneity (I’=24%, P=0.25). In
the EBE subgroup, the DFS was better than that in the
control group [HR =0.83 (0.70, 0.98), P=0.03], with little
heterogeneity (I’=11%, P=0.34). On the other hand, there
was no strong positive result in the TME subgroup [HR
=0.79 (0.59, 1.06), P=0.11; I’=68%, P=0.08].

Long-term outcomes for early-stage patients

The long-term outcomes of EBE were further analyzed.
The analysis of OS included 2 studies and 36 subjects
(Figure 74) (19,21). Survival after EBE was longer than
after regular surgery [HR =0.31 (0.10, 0.96), P=0.04; I’'=0%,
P=0.36]. As for DFS, the data of 351 patients from 3 RCTs
were extracted (Figure 7B) (14,16,20), and no DFS benefit
was observed in the EBE group or the control group [HR
=0.71 (0.41, 1.21), P=0.21; I’'=0%, P=0.99].

Long-term outcomes for advanced-stage patients
Similarly, the long-term outcome data of late-stage
patients was collected. Three studies with 185 patients
were analyzed (Figure 7C), and we found that EBE surgery
resulted in significantly better survival than non-EBE
surgery [HR =0.47 (0.33, 0.66), P<0.001; I’=0%, P=0.65].
DEFS of 410 subjects with advanced disease from 2 studies
was compared (Figure 7D) (14,20), and a positive significant
result was derived from the data [HR =0.62 (0.38, 0.99),
P=0.05; I’=0%, P=0.57].

Evaluation of publication bias

The evaluation of gender distribution and LN dissection
included most studies, so funnel plots based on the meta-
analysis of these 2 indicators were generated (Figure §). The
figures showed that there may be substantial publication
bias resulting from a delay or lack of publication of
non-statistically significant small RCTs. In addition, to
determine possible bias in detail, Begg’s test and Egger’s
test were performed for the other outcomes where no
more than 10 articles were included (Table S3). There was
no evidence to suggest the presence of publication bias in
most outcomes except for age, operation time, and LN

AME Med 72022;7:23 | https://dx.doi.org/10.21037/amj-22-38
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A Experimental Control Peto Odds Ratio Peto Odds Ratio
Study or Subgroup Events Total Events Total 0-E Variance Weight Exp[(O-E) / V], Fixed. 95% CI Expl[(0-E) / V], Fixed. 95% CI
2.1.1EBE
Brechtje A Grotenhuis 2010 132 132 90 90 3.960717 17.75018 14.7% 1.25([0.79,1.99] B
C Rizzetto 2008 40 40 18 18 -4.23865 4.806804  4.0% 0.41[017,1.01]

JAHagen 1993 30 30 39 39 -4.9452 6.469943  54% 0.47[0.22,1.01]

Jan B F Hulscher 2002 114 114 106 106 -3.38686 36.81307 30.5% 0.91 [0.66, 1.26] —

Jan Johansson 2004 27 27 22 22 -6.28648 8.059049 6.7% 0.46[0.23,0.91]

Subtotal (95% CI) 343 275 61.3% 0.82[0.65, 1.03] -

Total events 343 275

Heterogeneity: Chi*= 10.61, df= 4 (P = 0.03), F=62%

Test for overall effect. Z=1.73 (P = 0.08)

2.1.2 TME

FuJunhui 2017 126 132 122 130 -8.22545185 10.22936416 8.5% 0.45(0.24,0.83]

Jihong Lin 2021 249 249 249 249 -6.03246 3645352 30.2% 0.85[0.61,1.17] =

Subtotal (95% CI) 379 38.7% 0.740.55, 0.98] -

Total events 375 3n

Heterogeneity: Chi*= 3.26, df=1 (P = 0.07); F=69%

Test for overall effect: Z= 2.09 (P = 0.04)

Total (95% Cl) 724 654 100.0% 0.79[0.66, 0.94] >

Total events 8 646

Heterogeneity: Chi*= 14.18, df= 6 (P = 0.03); = 58% ) o 3 t

Test for overall effect: Z= 2.65 (P = 0.008) : .

Testfor subarou differences: Chi*= 0.31. df= 1 (P = 0.58). F= 0% Favours [experimental] Favours [controf
B Experimental Control Peto Odds Ratio Peto Odds Ratio

Study or Events _ Total Events Total 0.E Weight Exp[(0-E) / V], Fixed, 95% CI Exp[(0-E) / V], Fixed, 95% CI

2.2.1EBE

Brechtje A Grotenhuis 2010 132 132 a0 90 -0.16488 6.660632 3.8% 0.98 [0.46, 2.08] I —

Emre F Yekebas 2006 76 79 39 41 -9.19113 14.39635 8.3% 0.53[0.32,0.89] I

Erin M Corsini 2021 133 133 471 471 -0.45616 72.98451 41.9% 0.88(0.70,1.11] .

Jan B F Hulscher 2002 114 114 106 106 -573589 36.01523 207% 0.85[0.62,1.18] T

Subtotal (95% CI) 458 708 74.7% 0.83[0.70, 0.98] L 4

Total events 455 708

Heterogeneity: Chi*= 3.38, df= 3 (P = 0.34); F=11%

Test for overall effect: Z= 2.15 (P = 0.03)

222 TME

Jihong Lin 2021 249 249 243 249 -7.54156 41.88009 241% 0.84(0.62,1.13] =T

Yuji Akiyama 2018 a7 87 53 53 -2.98111 2.060681 1.2% 0.24 (0.0, 0.92]
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Figure 6 Forest plots comparing the effect of surgery on long-term survival. (A) Overall survival. (B) Disease-free survival. EBE, en bloc

esophagectomy; TME, total meso-esophagectomy.

dissection.

Discussion

Based on the results of 14 RCTs, we performed this
systematic review to investigate the clinical outcomes of
EBE and TME surgery. To our knowledge, this is the first
meta-analysis evaluating the efficacy of EBE as well as the
safety and feasibility of TME. In the study, we found that
EBE was accompanied by more intraoperative blood loss,
more LNs removed, a higher RO resection rate, as well as
better long-term OS and DFS in both early- and advanced-
stage patients, but there was no significant difference in
postoperative complications or the incidence of mortality.
As for TME, less intraoperative blood loss, shorter
operation time, more LNs acquired, and lower HR for OS
and DFS were observed. The studies did not compare the
efficacy of EBE and TME directly. Considering the control
group as a reference, the 2 surgeries were further compared.
We concluded that TME has a shorter operation time, less
intraoperative bleeding, and less dissected LNs compared

© AME Medical Journal. All rights reserved.

with EBE, while the postoperative outcomes of the
2 surgeries are comparable. However, the results of long-
term prognosis are hard to compare through the articles
included.

In this review, no survival benefits were observed. This
may be partially because the EBE group had a greater
proportion of subjects at the advanced stage (16,17,19,25),
and this imbalance of disease staging between groups
could harm long-term efficacy in terms of survival benefits.
After dividing into subgroups to perform comparisons, a
lower HR in both early- and advanced-stage patients was
observed. We also observed that not all patients in the EBE
group achieved RO resection, which is different from what
is assumed, and may partially result from the inclusion
of patients at stage III and IV. The RO resection rate
indicated the need for comprehensive treatment. Besides,
no significant difference in postoperative complications
was observed, and whether this resulted from the feasibility
of EBE or the unbalanced distribution of demographic
characteristics between groups needs further investigation.

The lower blood loss and shorter operation time found
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Figure 7 Forest plots comparing the long-term survival in subgroup analysis. (A) OS for early-stage patients. (B) DFS for early-stage

patients. (C) OS for advanced-stage patients. (D) DFS for advanced-stage patients. OS, overall survival; DFS, disease-free survival.
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for TME may be due to the removal of the esophagus
and its mesangial structure as a single unit according the

anatomical gap, which may reduce vessel injury, ameliorate

surgical field, improve LN dissection, and optimize the

learning curve. This entire unit excision is not associated

with a higher incidence of postoperative pulmonary
complications, anastomotic complications, RLN injury, or
mortality (26,27). Notably, as a newly developed surgical

© AME Medical Journal. All rights reserved.

technique, the practice of TME is not widespread, and as a
result, the number of studies investigating TME is limited,
which is possibly responsible for some of the negative

outcomes such as for DFS.

Interestingly, in several studies included in this meta-

analysis, a thoracoscopic or laparoscopic surgical approach
was used for part of the EBE surgery and all of the TME
surgery (23-27). It is known that MIE is a surgical approach
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resulting in less trauma, enhanced recovery, and improved
quality of life, with comparable oncological results (28-30).
Besides, MIE is an option even for advanced esophageal
cancer patients (31,32). However, considering the blood
loss and operation time of EBE, combination with EBE
could be highly technically demanding, which may limit its
widespread application. On the other hand, several studies
have proven the feasibility of MIE combined with TME
(23,24,26,33), considering the effect of its learning curve.
Such combination has the potential to become a mainstream
procedure for esophagectomy in the future.

There are several limitations in our meta-analysis. Firstly,
there are some potential biases in the study. The included
studies were mostly retrospective, and the assessment found
that publication bias could not be completely avoided.
Besides, the risks of some studies, especially in selection
bias and attrition bias, were unclear. Four out of 14 studies
included in the meta-analysis were small-sized studies,
which could limit the extrapolation of their conclusions.
Another limitation is that several outcomes were fairly
heterogeneous, probably resulting from the wide spread of
research units around the world, which likely reduces the
reproducibility of conclusions in particular populations.
Notably, we included 2 studies in the meta-analysis that
were published in Chinese, found in the Web of Science
database. Considering that China is an area with a large
burden of esophageal cancer (2), articles in languages other
than English, especially in Chinese, were not rejected for
further evaluation.

Conclusions

In this systematic review and meta-analysis, we found that
EBE results in higher blood loss, longer operation time,
and better long-term outcomes without increasing the
incidence of postoperative complications. The operation
time was shorter and bleeding was less than TME surgery,
which could also improve the surgical and oncological
efficacy. In conclusion, EBE is a safe and feasible extended
esophagectomy method and TME is a promising innovative
esophageal surgery, which is associated with better surgical
outcomes in clinical practice. Further well-designed
prospective RCTs are required to verify the results of this
meta-analysis.
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Supplementary

Table S1 Searching strategy to identify literatures for en bloc esophagectomy

Database Search terms Total articles identified

PubMed En bloc esophagectomy 294
“bloc”[All Fields] AND (“esophagectomy”[MeSH Terms] OR “esophagectomy”[All Fields] OR
“esophagectomies”[All Fields] OR “oesophagectomies”[All Fields] OR “oesophagectomy”[All
Fields])

Embase ((‘en’/exp OR en) AND bloc AND (‘esophagectomy’/exp OR esophagectomy) OR ((‘en’/exp 491
OR en) AND bloc AND esophageal AND (‘resection’/exp OR resection)) OR ((‘en’/exp OR en)
AND bloc AND (‘esophagus’/exp OR esophagus) AND (‘resection’/exp OR resection)))

Web of Science En bloc esophagectomy (Topic) 493
Cochrane En bloc esophagectomy 67
Reference search 237

Table S2 Searching strategy to identify literatures for total meso-esophagectomy

Database Search terms Total articles identified

PubMed (meso esophagectomy) OR (mesoesophagectomy) 7
“meso”[All Fields] AND (“esophagectomy”[MeSH Terms] OR “esophagectomy”[All Fields] OR
“esophagectomies”[All Fields] OR “oesophagectomies”[All Fields] OR “oesophagectomy”[All
Fields])

Embase (mesoesophagectomy) OR (Mesoesphagel dissection) OR (Mesoesphagel resection) OR 97
(Mesoesphagel Excision) OR (meso esophagus surgery) OR (meso esophagectomy) OR
(Mesoesophageal dissection) OR (Mesoesophageal resection) OR (Mesoesophageal excision)

Web of Science  (mesoesophagectomy [Topic]) OR (Mesoesphagel dissection [Topic]) OR (Mesoesphagel 26
resection [Topic]) OR (Mesoesphagel Excision [Topic]) OR (meso esophagus surgery [Topic]) OR
(meso esophagectomy [Topic]) OR (Mesoesophageal dissection [Topic]) OR (Mesoesophageal
resection [Topic]) OR (Mesoesophageal excision [Topic])

Cochrane (en bloc esophagectomy) OR (en bloc esophageal resection)) OR (en bloc esophagus resection) 0

Reference search 55

Table S3 Publication bias of pooled results in global analysis and subgroup analysis

Publication bias

Outcomes Global analysis EBE subgroup TME subgroup
Included Begg’s Egger’s Included Begg’s Egger’s Included Begg’s Egger’s
studies model model studies model model studies model model
Gender 12 0.3037 0.0832 8 0.3865 0.0804 4 0.7341 0.8868
Age 10 1.9800 0.0003 7 1.9931 0.0013 3 1.0000 0.0360
Operation time 7 0.5480 0.1546 3 0.2963 0.0004 4 1.6918 0.6709
Blood loss 6 0.4200 0.1496 2 - - 4 0.7341 0.4828
LN dissection 12 0.0164 0.0026 8 0.1644 0.3865 4 0.3082 0.0002
RO resection - - - 6 0.2597 0.2266 - - -
Pulmonary complication 11 0.2105 0.7854 6 1.0000 0.7878 4 1.6918 0.9562
RLN injury 10 1.2795 0.9709 6 1.000 0.8890 4 1.2659 0.0831
Anastomotic complications 10 1.5257 0.3125 6 1.5476 0.5083 4 1.2659 0.3305
Postoperative mortality 8 1.2895 0.7170 6 0.4524 0.4811 2 - -

EBE, en bloc esophagectomy; TME, total meso-esophagectomy; LN, lymph node; RLN, recurrent laryngeal nerve.
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