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A B S T R A C T

Introduction: Esophageal cancer remains a leading cause of cancer-related mortality worldwide. Esophagectomy is the cornerstone of curative treatment, but the 
optimal surgical approach remains debated. Newer techniques such as hybrid esophagectomy, minimally invasive esophagectomy (MIE), and robot-assisted mini
mally invasive esophagectomy (RAMIE) have been developed to improve perioperative outcomes while maintaining oncologic efficacy. We aim to compare the 
effects of open, hybrid, minimally invasive, and robot-assisted approaches to esophagectomy on survival and perioperative outcomes in patients with esophageal 
cancer.
Methods: A systematic review and network meta-analysis (NMA) were conducted, including 10 reports from 6 randomized controlled trials identified via PubMed, 
Cochrane Library, Embase, CINAHL, ClinicalTrials.gov, and ICTRP. Comparative analyses between open esophagectomy (OE), hybrid laparoscopy-thoracotomy (HYB 
LapS-ThoT), MIE, and RAMIE were performed using random-effects NMA models. Hazard ratios (HR), odds ratios (OR), and mean differences (MD) were calculated 
for outcomes.
Results: There were no significant differences in overall survival among OE, HYB LapS-ThoT, MIE, and RAMIE. Pulmonary complications were significantly lower 
with MIE (OR 0.47, 95 % CI 0.33–0.69, p < 0.0001) and RAMIE (OR 0.39, 95 % CI 0.27–0.57, p < 0.0001) compared to OE. RAMIE yielded a higher lymph node 
harvest (MD 1.56, 95 % CI 0.58–2.54, p = 0.002) and lower reoperation rates (OR 0.65, 95 % CI 0.45–0.93, p = 0.020) than OE. HYB LapS-ThoT was associated with 
increased anastomotic leakage compared to OE (OR 1.66, 95 % CI 1.02–2.69, p = 0.041).
Conclusion: MIE and RAMIE significantly reduce pulmonary complications without compromising survival. Hybrid approaches appear to increase the risk of anas
tomotic leakage. These findings support minimally invasive techniques, especially RAMIE; however, more evidence and further studies are needed to allow for a 
clearer and more definitive conclusion.

1. Background

Esophageal cancer, with an estimated 604,000 new cases and over 
544,000 deaths in 2020, ranks as the seventh most commonly diagnosed 
cancer and the sixth leading cause of cancer-related deaths globally [1]. 
The 5-year relative survival rates for esophageal cancer are approxi
mately 49 % for localized disease, 28 % for regional disease, 5 % for 
distant disease, and 22 % overall [2]. This cancer encompasses two 
epidemiologically and pathologically distinct types: squamous cell car
cinoma and adenocarcinoma, which differ in etiology, tumor location, 
medical and radiation therapies, prognosis, risk factors, and incidence 
trends [3-5].

Esophagectomy remains the primary treatment with curative intent 
for esophageal cancer. It is recommended for all physically fit patients 
with esophageal cancer either upfront or following preoperative 
chemotherapy or chemoradiotherapy [6]. For squamous cell carcinoma 
and type I and II adenocarcinoma (AEG), an abdominothoracic approach 
is generally favored over a transhiatal approach [6]. Several surgical 
access techniques are available, with robotic techniques increasingly 
incorporated into clinical practice [7].

Despite the availability of various access routes—completely open, 
hybrid procedures (e.g., abdominally minimally invasive and thoraci
cally open or vice versa), and completely minimally invasive, including 
robotic access—no clear consensus has emerged on the optimal surgical 
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approach. Previous randomized controlled trials (RCTs) comparing 
different techniques have failed to establish a definitive advantage for 
any single approach [8–15]. Moreover, existing meta-analyses have 
either compared only two access routes or incorporated non-randomized 
studies and transhiatal resections, complicating the interpretation of 
results [7].

In this meta-analysis, we aim to provide a comprehensive evaluation 
of esophagectomy approaches by differentiating between surgical access 
methods with respect to efficacy and safety. Transhiatal resections will 
be excluded due to their distinct indications.

2. Methods

The work is reported according to the PRISMA guideline (Supple
mentary Online Content 1). It was registered in the PROSPERO Database 
[16] and the protocol was published a priori [17].

2.1. Inclusion criteria and literature search

We included randomized controlled trials (RCTs). Participants 
needed to have non-metastatic, resectable esophageal cancer and un
dergo abdominothoracic esophagectomy (Ivor-Lewis’s procedure). 
There were no restrictions regarding blinding, follow-up duration, study 
size, or language of publication. We searched the following databases 
from inception to January 2024 using a predefined search strategy: 
PubMed, Cochrane Library, Embase, CINAHL, ClinicalTrials.gov, and 
ICTRP (Supplementary Online Content 1). Reference lists of included 
studies were also screened for additional relevant references.

2.2. Types of interventions

To be included in this network meta-analysis (NMA), trials had to 
compare at least two of the following interventions: 

1 OE (Completely open abdominothoracic esophagectomy);
2 HYB LapS-ThoT (Hybrid abdominothoracic esophagectomy (lapa

roscopy and thoracotomy));
3 HYB LapT-ThoS (Hybrid abdominothoracic esophagectomy (lapa

rotomy and thoracoscopy));
4 MIE (Completely minimally-invasive abdominothoracic esoph

agectomy (laparoscopy and thoracoscopy));
5 HYB RLapS-ThoT (Hybrid abdominothoracic esophagectomy (ro

botic laparoscopy and thoracotomy));
6 HYB LapT-RThoS (Hybrid abdominothoracic esophagectomy (lapa

rotomy and robotic thoracoscopy));
7 RAMIE (Completely robot-assisted abdominothoracic esoph

agectomy (robotic laparoscopy and robotic thoracoscopy)).

Since a combination of minimally invasive and robot-assisted tech
niques is not practiced, seven nodes, one for each intervention, were 
defined.

2.3. Literature screening and data collection

Two reviewers independently screened titles, abstracts, and, if 
deemed potentially eligible, full texts of identified studies for inclusion. 
Disagreements were resolved through consultation with a third 
reviewer. Aggregate data (AD) were extracted from all included studies 
by two researchers independently. Where necessary, graphical data (e. 
g., from Kaplan-Meier plots) were digitized and entered into the data 
extraction table.

2.4. Risk of bias

Two researchers independently evaluated the risk of bias for each 
included study, following the criteria outlined in the Cochrane 

Handbook for Systematic Reviews of Interventions and utilizing version 
2 of the Cochrane ’Risk of Bias’ tool [18]. Discrepancies in assessments 
were resolved by discussion or by consulting a third reviewer.

2.5. Outcomes

AD were retrieved for study populations, trial characteristics, in
terventions, and the following outcomes: Overall survival (OS) (defined 
as time from surgery until death), postoperative mortality (defined as 
death within 90 days after surgery; if 90-day mortality was not defined, 
30-day or in-hospital mortality was analyzed instead), postoperative 
morbidity (defined as any complication that would be classified as 
Clavien-Dindo grade III-V), disease-free survival (DFS, defined as time 
from surgery until recurrence or death from any cause), achievement of 
microscopically tumor-free resection margins (R0 resectability), the 
total number of lymph nodes resected during surgery, length of hospital 
and postoperative intensive care unit (ICU) stay, quality of life (QoL), 
postoperative pulmonary complications, anastomotic leakage, 
reoperation.

2.6. Statistical methods

Meta-analyses were conducted only when the studies were suffi
ciently similar in terms of outcome definitions, treatments, and partic
ipant characteristics. The standardized mean difference (SMD) with its 
95 % confidence interval (CI) was used as the effect measure for 
continuous outcomes. The odds ratio (OR) with 95 % CI was calculated 
for binary outcomes. The hazard ratio (HR) with 95 % CI was calculated 
for time-to-event (TTE) outcomes. When the HR was not available, it 
was derived, if provided, from other summary data or Kaplan-Meier 
(KM) plots using validated methods described by Parmar et al. [19] 
and Tierney et al. [20]. For more details, see Supplementary Online 
Content 1.

Frequentist NMA using random-effects models, as proposed by 
Ruecker et al. [21], were applied to pool the effect measures of the in
terventions considering heterogeneity between studies. Heterogeneity 
between studies was assessed using the between-study variance τ2 and 
the I2 statistic. Consistency, representing the statistical confirmation of 
transitivity, was assessed by comparing direct and indirect evidence 
[22]. Results were presented using forest plots, where OE was used as 
reference treatment.

All analyses were performed using R version 4.4.1 [23].

3. Results

3.1. Study selection and study details

The literature search yielded 1,939 records (Fig. 1). After screening, 
42 reports were assessed for eligibility, and 10 reports from 6 trials were 
included in the meta-analysis. We excluded one trial as it was not clearly 
stated in the publication if randomization was performed [24]. Three 
trials included patients with both squamous cell carcinoma (SCC) and 
adenocarcinoma of the esophagus and gastroesophageal junction (AEG). 
In the other trials, only participants with AEG were included. The 
included studies reported outcomes for four of the seven predefined 
surgical techniques: OE, HYB LapS-ThoT, MIE, and RAMIE.

Study characteristics are presented in Table 1.

3.2. Risk of bias

Seven reports were categorized with an overall “low” risk of bias 
[25–31]. Two reports were classified with “some concerns” [32,33], 
whereas one report was categorized with an overall “high risk of bias” 
[34]. (Supplementary Online Content 1).

The summary forest plots for the single outcomes are shown in 
Figs. 2–5.
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3.3. Associations of treatments with outcomes

3.4. Overall survival

The NMA of OS included four studies with four pairwise comparisons 
across four treatments: OE, HYB LapS-ThoT, MIE, and RAMIE (Fig. 1) 
[25,27,29,32].

The analysis found no statistically significant difference in OS among 
the treatments. The pooled HR for HYB LapS-ThoT compared to OE was 
1.46 (95 % CI: 0.98–2.18, p = 0.064). For MIE compared to OE, the HR 
was 1.13 (95 % CI: 0.69–1.85, p = 0.619). For RAMIE compared to OE, 
the HR was 0.99 (95 % CI: 0.61–1.62, p = 0.968).

Heterogeneity across studies was estimated as τ2 = 0 and I2 = 0 % 
(95 % CI could not be estimated).

3.5. Disease-free survival

The NMA of DFS included four studies with four pairwise compari
sons across four treatment modalities: OE, HYB LapS-ThoT, MIE, and 
RAMIE (Fig. 2) [25,27,29,32].

Definitions of DFS varied slightly between studies. MIOMIE and 
ROBOT defined DFS as the time from surgery to recurrence of disease, 
while TIME and MIRO included additional endpoints, such as secondary 
cancer (MIRO only) and death from any cause (both).

For HYB LapS-ThoT compared to OE, the HR was 1.32 (95 % CI: 
0.91–1.93, p = 0.144). For MIE versus OE, the HR was 1.12 (95 % CI: 
0.71–1.78, p = 0.618), while RAMIE versus OE yielded a HR of 1.02 (95 
% CI: 0.59–1.77, p = 0.943).

Heterogeneity across studies was estimated as τ2 = 0 and I2 = 0 % 
(95 % CI could not be estimated).

3.6. Postoperative mortality

The NMA of postoperative mortality included six studies with six 
pairwise comparisons across four treatments: OE, HYB LapS-ThoT, MIE, 
and RAMIE (Fig. 4) [25,28,29,31,32,34].

For OE versus HYB LapS-ThoT, the MIOMIE study reported a 7.7 % 
mortality rate for OE and 0 % for HYB LapS-ThoT, while the MIRO study 
reported 5.8 % for OE and 3.9 % for HYB LapS-ThoT. For OE versus MIE, 
the TIME study reported 0 % mortality for OE and 1.7 % for MIE, and the 
Ma et al. study reported 2.1 % for OE and 0 % for MIE. For OE versus 
RAMIE, the ROBOT study reported 1.8 % mortality for OE and 9.3 % for 
RAMIE. In the RAMIE study by Yang et al., comparing MIE to RAMIE, 
both groups reported a mortality rate of 0.6 %.

The OR for HYB LapS-ThoT versus OE was 0.65 (95 % CI: 0.28–1.51, 
p = 0.316). For MIE versus OE, the OR was 1.86 (95 % CI: 0.11–31.02, p 
= 0.665). For RAMIE versus OE, the OR was 4.06 (95 % CI: 0.45–36.94, 
p = 0.213).

Heterogeneity across studies was estimated as τ2 = 0 and I2 = 0 % 
(95 % CI: 0–84.7 %).

3.7. Postoperative morbidity

The NMA of postoperative morbidity included three studies with 
three pairwise comparisons across four treatment modalities: OE, HYB 
LapS-ThoT, MIE, and RAMIE (Fig. 2) [31,32,34].

The MIOMIE study reported morbidity rates of 38.5 % for OE and 
46.2 % for HYB LapS-ThoT. The Ma et al. study showed morbidity rates 
of 8.2 % for OE and 10.6 % for MIE. The RAMIE study by Yang et al. 
reported morbidity rates of 10.2 % for MIE and 12.2 % for RAMIE.

The OR for HYB LapS-ThoT versus OE was 1.37 (95 % CI: 0.40–4.76, 
p = 0.619). For MIE versus OE, the OR was 1.32 (95 % CI: 0.65–2.68, p 
= 0.435), and for RAMIE versus OE, the OR was 1.62 (95 % CI: 
0.77–3.39, p = 0.202).

Heterogeneity across studies could not be quantified.

Fig. 1. PRISMA flow chart.

Table 1 
Study characteristics.

Trial 
Name

Study Year Time of 
recruiting

Follow- 
up 
period

Intervention

MIOMIE Paireder et al. 2018 May 2010 to 
December 
2012

3.5 
years

OE and HYB 
LapS-ThoT

TIME Biere et al. 2012 June 2009 to 
March 2011

1 year OE and MIE

Straatman 
et al.

2017 June 2009 to 
March 2011

1 year

Biere et al. 2017 June 2009 to 
March 2011

1 year

ROBOT de Groot et al. 2020 January 2012 
to August 
2016

5 years OE and 
RAMIE

van der Sluis 
et al.

2019 January 2012 
to August 
2016

5 years

MIRO Mariette et al. 
(nejm)

2019 October 2009 
to April 2012

3 years OE and HYB 
LapS-ThoT

Mariette et al. 
(annals of 
surgery)

2019 October 2009 
to April 2012

3 years

– Ma et al. 2018 September 
2014 to 10/ 
2015

1 year OE and MIE

RAMIE Yang et al. 2022 August 2017 
to December 
2019

– MIE and 
RAMIE
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3.8. Pulmonary complications

The NMA of pulmonary complications included five studies with five 
pairwise comparisons across four treatments: OE, HYB LapS-ThoT, MIE, 
and RAMIE (Fig. 2) [28,29,31,32,34].

The MIOMIE study reported equal rates of pulmonary complications 
(23.1 %) for both OE and HYB LapS-ThoT. The ROBOT [28] study 
showed significantly fewer pulmonary complications for RAMIE (31.5 

%) compared to OE (58.2 %). In the MIRO [29] study, pulmonary 
complication rates were similar between OE (10.6 %) and HYB 
LapS-ThoT (11.7 %). The Ma et al. [34] study reported fewer pulmonary 
complications for MIE (23.4 %) compared to OE (35.1 %). The RAMIE 
[31] study showed similar pulmonary complication rates between MIE 
(14.7 %) and RAMIE (13.8 %).

The OR for HYB LapS-ThoT versus OE was 1.11 (95 % CI: 0.67–1.81, 
p = 0.692). For MIE versus OE, the OR was 0.48 (95 % CI: 0.33–0.69, p 

Fig. 2. Forest plot presenting the pooled hazard ratios (HR) with is 95 % confidence intervals (CI) of overall survival (OS) and disease-free survival (DFS). The 
number of studies included in the network-meta analysis (NMA), as well as the number of studies with direct comparison between the included interventions are 
provided, respectively.

Fig. 3. Forest plot presenting the pooled odds ratios (OR) with their 95 % confidence intervals (CI) for dichotomous outcomes. The number of studies included in the 
network meta-analysis (NMA), as well as the number of studies providing direct comparisons between the included interventions, are indicated respectively.

Fig. 4. Forest plot presenting the pooled odds ratios (OR) with their 95 % confidence intervals (CI) for R0 resection rates. The number of studies included in the 
network meta-analysis (NMA), as well as the number of studies with direct comparisons between the included interventions, are indicated respectively.
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< 0.0001). RAMIE versus OE yielded an OR of 0.39 (95 % CI: 0.27–0.57, 
p < 0.0001).

Heterogeneity across studies was moderate, with τ2 = 0.0308 and I2 

= 44.3 % (95 % CI: 0–83.4).

3.9. Anastomotic leakage

The NMA of anastomotic leakage included six studies with six pair
wise comparisons across four surgical techniques: OE, HYB LapS-ThoT, 
MIE, and RAMIE [26,28,29,31,33,34].

In the MIOMIE study, leakage rates were 15.4 % for OE and 23.1 % 
for HYB LapS-ThoT. The TIME trial reported rates of 7.1 % for OE and 
11.9 % for MIE. In the ROBOT study, leakage rates were 20.0 % for OE 
and 24.1 % for RAMIE. The MIRO trial showed rates of 6.7 % for OE and 
10.7 % for HYB LapS-ThoT. The Ma et al. study reported leakage rates of 
6.2 % for OE and 6.4 % for MIE. Finally, the RAMIE study by Yang et al. 
showed leakage rates of 11.3 % for MIE and 12.2 % for RAMIE.

The OR for HYB LapS-ThoT versus OE was 1.66 (95 % CI: 1.02–2.69, 
p = 0.041), indicating a statistically significant increase in leakage rates 
with HYB LapS-ThoT. For MIE versus OE, the OR was 1.25 (95 % CI: 
0.85–1.83, p = 0.257), and for RAMIE versus OE, the OR was 1.34 (95 % 
CI: 0.93–1.92, p = 0.113), with neither showing significant differences 
compared to OE.

Heterogeneity across studies was estimated as τ2 = 0 and I2 = 0 % 
(95 % CI: 0–84.7 %).

3.10. Reoperation

The NMA of reoperation rates included three studies with three 
pairwise comparisons across four surgical techniques: OE, HYB LapS- 
ThoT, MIE, and RAMIE (Fig. 3) [30,32,36].

In the MIOMIE study, reoperation rates were identical at 30.8 % for 
both OE and HYB LapS-ThoT. The TIME trial reported rates of 10.7 % for 
OE and 13.6 % for MIE. In the ROBOT study, OE had a reoperation rate 
of 32.7 %, compared to 24.1 % for RAMIE.

The OR for HYB LapS-ThoT versus OE was 1.00 (95 % CI: 0.24–4.12, 
p = 1.000). For MIE versus OE, the OR was 1.31 (95 % CI: 0.68–2.50, p 
= 0.419), also showing no significant difference. RAMIE versus OE 
yielded an OR of 0.65 (95 % CI: 0.45–0.93, p = 0.020), indicating a 
statistically significant reduction in reoperation rates for RAMIE.

Heterogeneity across studies could not be quantified.

3.11. Achievement of tumor-free resection margins (R0 resection)

The NMA of R0 resection included four studies with four pairwise 
comparisons across four treatments: OE, HYB LapS-ThoT, MIE, and 
RAMIE (Fig. 4) [26,28,31,33]. The studies reported high rates of R0 
resection across all treatment groups.

In the MIOMIE study, both OE and HYB LapS-ThoT achieved an R0 
resection rate of 92.3 %. The TIME study reported R0 rates of 83.9 % for 
OE and 91.5 % for MIE. In the ROBOT study, OE achieved a rate of 96.4 
% compared to 92.6 % for RAMIE. Finally, in the RAMIE study by Yang 
et al., MIE and RAMIE achieved R0 rates of 92.1 % and 95.0 %, 

respectively.
Compared to OE, the OR was 1.00 (95 % CI: 0.01–109.11, p = 1.000) 

for HYB LapS-ThoT, 1.15 (95 % CI: 0.20–6.74, p = 0.878) for MIE, and 
1.09 (95 % CI: 0.16–7.41, p = 0.927) for RAMIE.

Heterogeneity was estimated as τ2 = 1.04 and I2 = 79.9 % (95 % CI: 
13.4–95.3 %).

3.12. Number of resected lymph nodes

The NMA of the number of resected lymph nodes included three 
studies with three pairwise comparisons across three treatments: OE, 
MIE, and RAMIE (Fig. 5). [26,28,31]

In the TIME study, both OE and MIE achieved a mean of 20.33 
resected lymph nodes, with SDs of 3.94 and 3.62, respectively. In the 
ROBOT study, OE resulted in a mean of 24.33 resected lymph nodes, 
compared to 25.67 for RAMIE, with SDs of 4.60 and 5.25, respectively. 
In the RAMIE study by Yang et al., MIE achieved a mean of 22.33 
resected lymph nodes compared to 24.00 for RAMIE, with SDs of 5.35 
and 5.69.

For MIE versus OE, the MD was − 0.07 (95 % CI: 0.94 to 0.80, p =
0.872). For RAMIE versus OE, the MD was 1.56 (95 % CI: 0.58 to 2.54, p 
= 0.002).

Heterogeneity across studies was estimated as τ2 = 0 and I2 = 0 % 
(95 % CI could not be estimated).

Analysis of local- and distant-recurrence-free survival (LRFS and 
DRFS) was not feasible, and therefore no results could be reported for 
these outcomes. Results concerning Length of Hospital Stay, ICU Stay 
and Quality of life are provided in Supplementary Online Content 1.

3.13. Summary of Findings

Summary of Findings tables were created for OS, DFS, postoperative 
mortality, postoperative morbidity, R0-resection, pulmonary complica
tion, anastomotic leakage and reoperation. They are provided in Sup
plementary Online Content 1.

4. Discussion

This NMA compared OE, HYB, LapS-ThoT, MIE, and RAMIE across 
multiple outcomes in patients undergoing esophagectomy for esopha
geal cancer. The studies were considered comparable in terms of study 
populations, interventions, and overall methodological quality. While 
the risk of bias was low in most studies, statistical heterogeneity could 
not be reliably estimated for the majority of endpoints, limiting the 
ability to draw conclusive statements in this regard.The NMA showed 
that RAMIE and MIE were associated with comparable OS and DFS to 
OE. RAMIE achieved a significantly higher lymph node yield than OE, 
although the absolute difference in the number of resected lymph nodes 
was small. R0 resection rates were high across all modalities suggesting 
similar efficacy in achieving tumor-free margins. Postoperative 
morbidity and mortality did not differ between surgical approaches. 
However, RAMIE and MIE were associated with fewer pulmonary 
complications compared to OE, while HYB LapS-ThoT exhibited a higher 

Fig. 5. Forest plot presenting the pooled mean differences (MD) with their 95 % confidence intervals (CI) for the number of lymph nodes resected. The number of 
studies included in the network meta-analysis (NMA), as well as the number of studies with direct comparisons between the included interventions, are indicated 
respectively.
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rate of anastomotic leakage. RAMIE also demonstrated significantly 
lower reoperation rates than OE, reinforcing its potential for improved 
surgical safety. QoL outcomes suggested early postoperative benefits for 
RAMIE and MIE over OE, particularly in global health and physical 
function domains. Additionally, RAMIE and MIE were associated with 
shorter ICU and hospital stays compared to OE. However, no NMA was 
performed for QoL, ICU and hospital stay, and the findings are based on 
individual studies with limited comparability due to inconsistent 
reporting. These results suggest a safety benefit for MIE and RAMIE with 
comparable survival outcomes. While MIE is acknowledged in contem
porary guidelines, the role of RAMIE still remains debated as of now. The 
ongoing ROBOT-2 trial is designed to carry out this important compar
ison in patients with esophageal adenocarcinoma [35].

Neoadjuvant treatment and prehabilitation potentially affect out
comes after esophagectomy. In our analysis, we were unable to perform 
subgroup analyses regarding neoadjuvant therapies or prehabilitation, 
because those data were not reported from the single trials. Beyond 
prehabilitation, enhanced postoperative recovery (EPR) after surgery 
plays an important role in achieving optimal safety and functional 
outcomes after esophagectomy. Key components include preoperative 
nutritional support, optimized pain management, early mobilization, 
and early oral feeding. Many EPR programs hinge on minimally-invasive 
approaches given the reduced postoperative pain and need for analge
sics, whose use in turn is associated with adverse effects such as ileus, 
nausea, and fatigue. From the RCTs included in the meta-analysis, no 
detailed information on applied EPR measures was available. However, 
the lower postoperative pain levels shown in the MIE and RAMIE arms of 
the trials underscore the important role of minimally-invasive surgery in 
EPR. Conversely, the full effect of MIE and RAMIE on postoperative 
safety and functional outcomes can most likely only be attained if a 
dedicated EPR program is in place. Adherence to EPR varies. A survey of 
Canadian thoracic surgeons revealed high compliance with preoperative 
and postoperative EPR recommendations, but lower adherence to 
intraoperative guidelines. This underscores the need for ongoing edu
cation and institutional support to ensure consistent application of EPR 
principles across all phases of surgical care [36].

In our NMA, RAMIE achieved a significantly higher lymph node yield 
than OE, reflecting its potential for enhanced oncological precision due 
to better visualization of anatomic structures and higher accuracy in 
surgical dissection. Lymph node yield is commonly regarded an onco
logical surrogate parameter. Nonetheless, there is an ongoing debate 
about the recommended extent of lymph node dissection in esoph
agectomy, weighing oncological radicality against increased morbidity 
associated with more extensive dissection [37]. The German S3 guide
lines for the diagnosis and treatment of esophageal carcinoma empha
size the importance of thorough lymphadenectomy. These guidelines 
recommend the resection of an adequate number of LNs to ensure ac
curate staging and to potentially improve survival outcomes [38]. The 
extent of lymphadenectomy should be tailored based on tumor location 
and histological subtype. Our results support the notion that MIE and 
RAMIE can increase lymph node yield for a given planned extent of 
lymphadenectomy without jeopardizing safety. However, the absolute 
difference in lymph node yield between MIE and RAMIE and OE is rather 
small and thus its immediate clinical implications remain unclear.

Meta-analyses in general and NMAs in particular inherently face 
certain limitations. The integration of data from randomized controlled 
trials (RCTs) with diverse inclusion criteria, treatment approaches, and 
study designs unavoidably introduces heterogeneity. Although this 
study adhered to stringent eligibility criteria, differences across the 
included trials likely contributed to clinical variability. Overall, only six 
studies were included, with an even smaller number contributing data to 
many of the single objectives, as not all outcomes were reported across 
all studies. Some NMAs could not be conducted due to a lack of data, for 
example for the outcomes local recurrence-free survival and distant 
recurrence-free survival. Additionally, for several outcomes, data 
reporting was inconsistent or incomplete across trials. For example, the 

QoL analysis was hindered by the use of different assessment tools and 
varying follow-up intervals. Similarly, the analysis of ICU and hospital 
length of stay was limited by insufficient reporting of appropriate 
summary statistics.

Statistical heterogeneity appeared to be generally low across most 
outcomes. However, with only a few studies included in the network, the 
estimation of heterogeneity might be unstable and imprecise. Therefore, 
the lack of observed heterogeneity should not be interpreted as evidence 
of its absence. Given the estimation of a low but uncertain τ2 and I2, the 
corresponding confidence intervals of the outcomes may be too narrow, 
warranting cautious interpretation of the results.

Despite employing an extensive search strategy across multiple da
tabases and including non-English publications, there remains a poten
tial risk of overlooking relevant studies, particularly unpublished 
research.

These limitations reduced the possibility to detect meaningful dif
ferences between treatments and emphasized the need for further pro
spective studies in these areas.

The results of this network meta-analysis are specific to the in
terventions and outcomes examined. Variations in perioperative man
agement, surgical expertise, and institutional practices may limit the 
transferability of these findings. In particular, the conclusions are 
applicable primarily to studies, centers, and patient populations that 
align with the defined criteria of this analysis. They should not be 
generalized to settings, institutions, or patient groups that differ sub
stantially in these respects. Nevertheless, this study provides valuable 
insights into the comparative effectiveness and safety of surgical ap
proaches for esophageal cancer. Ongoing trials and longer follow-up 
periods will be essential to further validate and expand upon these 
findings.

5. Conclusions

This NMA might offer that MIE and RAMIE offer comparable onco
logical outcomes to OE, with potential benefits in postoperative recov
ery, including reduced pulmonary complications and shorter hospital 
stays. While heterogeneity and data limitations necessitate cautious 
interpretation, these findings highlight the growing role of minimally- 
invasive surgical approaches in the management of esophageal cancer, 
underscoring the need for further prospective high-quality studies to 
validate these outcomes and optimize treatment strategies.
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Adenokarzinome des Ösophagus, Kurzversion 4.0. AWMF-Registernummer: 021- 
023OL 2023.

A. Rebelo et al.                                                                                                                                                                                                                                  European Journal of Surgical Oncology 51 (2025) 110529 

7 

https://doi.org/10.1016/j.ejso.2025.110529
https://doi.org/10.1016/j.ejso.2025.110529
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref1
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref1
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref1
https://www.cancer.org/cancer/types/esophagus-cancer/detection-diagnosis-staging/survival-rates.html
https://www.cancer.org/cancer/types/esophagus-cancer/detection-diagnosis-staging/survival-rates.html
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref3
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref3
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref4
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref4
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref5
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref5
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref6
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref7
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref7
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref7
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref8
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref8
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref8
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref9
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref9
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref9
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref10
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref10
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref10
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref11
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref11
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref11
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref12
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref12
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref12
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref13
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref13
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref13
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref14
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref14
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref14
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref15
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref15
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref15
https://www.crd.york.ac.uk/prospero/
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref17
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref17
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref17
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref18
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref18
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref19
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref19
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref19
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref20
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref20
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref21
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref21
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref22
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref22
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref23
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref23
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref24
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref24
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref24
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref24
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref25
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref25
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref25
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref25
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref26
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref26
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref26
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref26
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref27
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref27
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref27
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref27
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref27
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref28
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref28
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref28
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref28
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref28
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref29
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref29
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref29
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref30
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref30
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref30
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref30
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref30
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref31
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref31
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref31
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref31
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref32
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref32
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref32
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref33
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref33
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref33
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref33
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref34
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref34
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref34
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref35
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref35
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref35
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref35
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref35
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref36
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref36
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref36
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref37
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref37
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref37
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref37
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref38
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref38
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref38
http://refhub.elsevier.com/S0748-7983(25)00957-6/sref38

	Approaches for esophagectomy for esophageal cancer: a Network Meta-Analysis
	1 Background
	2 Methods
	2.1 Inclusion criteria and literature search
	2.2 Types of interventions
	2.3 Literature screening and data collection
	2.4 Risk of bias
	2.5 Outcomes
	2.6 Statistical methods

	3 Results
	3.1 Study selection and study details
	3.2 Risk of bias
	3.3 Associations of treatments with outcomes
	3.4 Overall survival
	3.5 Disease-free survival
	3.6 Postoperative mortality
	3.7 Postoperative morbidity
	3.8 Pulmonary complications
	3.9 Anastomotic leakage
	3.10 Reoperation
	3.11 Achievement of tumor-free resection margins (R0 resection)
	3.12 Number of resected lymph nodes
	3.13 Summary of Findings

	4 Discussion
	5 Conclusions
	CRediT author statement
	Funding Disclosure
	Declaration of interest statement
	Acknowledgments
	Appendix A Supplementary data
	References


