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ABSTRACT
Introduction  Oesophageal cancer is the seventh most 
frequently diagnosed cancer and the sixth leading cause 
of cancer-related deaths worldwide. Oesophagectomy 
remains the main curative treatment option. The effect of 
different surgical approaches (completely open, hybrid, 
completely minimally invasive and robot-assisted) on 
patients undergoing thoracoabdominal oesophagectomy 
(Ivor-Lewis’s procedure) for oesophageal cancer is 
evaluated, focusing on overall survival, postoperative 
mortality and morbidity.
Methods and analysis  A systematic literature search 
will be conducted in PubMed/Medline, Cochrane Library, 
Embase, Cumulated Index in Nursing and Allied Health 
Literature, ​ClinicalTrials.​gov and International Clinical 
Trials Registry Platform using predefined search terms. 
A random-effects (network) meta-analysis using the 
frequentist framework will be performed.
Ethics and dissemination  As this study is based 
on previously published data, no ethical approval is 
required. Findings will be disseminated through peer-
reviewed publications and conference presentations 
to inform clinical decision-makers (eg, surgeons, 
gastroenterologists).
Trail registration number  CRD42024564915.

INTRODUCTION
With an estimated 604 000 new cases and 
more than 544 000 deaths in 2020, oesoph-
ageal cancer is the seventh most frequently 
diagnosed cancer and the sixth leading 
cause of cancer-related deaths in the world.1 
5-year survival ranges from 36.9% for locally 
confined tumours without nodal spread to 
9.6% for node-positive disease and 2.6% 
for metastatic disease.2 Oesophageal cancer 
involves two epidemiologically and pathologi-
cally distinct diseases with different aetiology, 
pathology, tumour location, medical ther-
apies, prognosis, risk factors and incidence 
trends: squamous cell carcinoma and adeno-
carcinoma.3 4 Squamous cell carcinoma has 
become less common in Western countries 
because of the reduced tobacco and alcohol 

use, representing less than 30% of all oesoph-
ageal cancers in these countries. On the other 
hand, oesophageal adenocarcinoma is more 
common in Western countries nowadays, as 
participants are more likely to be obese and 
to have chronic gastro-oesophageal reflux 
disease.3 5

In the treatment of oesophageal cancer, 
oesophagectomy is the main available treat-
ment with curative intent, with abdominotho-
racic oesophagectomy being favoured from 
an oncological point of view. Oesophagec-
tomy should be considered for all patients 
with oesophageal cancer who are physically 
fit.6 For squamous cell carcinoma and Siewert 
type I and II adenocarcinoma (Esophagas-
tric Junction Cancers), a thoracoabdominal 
approach is generally recommended over 
a transhiatal approach.6 There are several 
possible surgical access techniques for this. 
Both the abdominal access and the thoracic 
access can be open or minimally invasive.6 In 
addition, robotic techniques have found their 
way into everyday clinical practice in recent 
years.7

As mentioned above, several thoracoab-
dominal approaches for oesophagectomy 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ This network meta-analysis will integrate all avail-
able evidence on oesophagectomy approaches for 
oesophageal cancer.

	⇒ A systematic comparison of different surgical strat-
egies will be conducted using a robust analytical 
framework.

	⇒ Expected heterogeneity across studies may affect 
the consistency of results.

	⇒ The absence of individual patient data may limit 
subgroup analyses.

	⇒ Transhiatal surgical access and McKeown oe-
sophagectomy are excluded due to their distinct in-
dications compared with thoracoabdominal access.
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are available. These access routes can be used in various 
combinations (completely open, hybrid procedure: 
abdominally minimally invasive and thoracically open, 
thoracically minimally invasive and abdominally open 
or completely minimally invasive; the minimally invasive 
access can also be carried out robotically), and no clear 
advantage for one of these techniques has been shown, 
despite several randomised controlled trials (RCTs) 
comparing two of the referred techniques having been 
conducted on this topic.

From the currently available evidence, it remains 
unclear which surgical approach is the most effective 
and safest in thoracoabdominal oesophagectomy. The 
available meta-analyses only compared two of the access 
routes8–15 or performed a network meta-analysis (NMA) 
that included transhiatal resections and non-randomised 
studies.7

In our meta-analysis, we will include only thoracoabdom-
inal resections and differentiate them based on the type 
of surgical approach. Although not all combinations may 
be present, each surgical access method will be treated as 
an individual node in the network. This approach ensures 
that every combination is considered while maintaining 
methodological rigour. We specifically focus on the Ivor-
Lewis oesophagectomy, as it is a widely performed thora-
coabdominal approach for oesophageal cancer, while the 
McKeown oesophagectomy is excluded due to its distinct 
three-stage technique, including cervical anastomosis. We 
will also exclude transhiatal surgical access from our anal-
ysis due to its distinct indications compared with thora-
coabdominal access and the resulting lack of transitivity 
in the NMA.

OBJECTIVES
Main objective
To assess the effects of different surgical approaches 
(completely open, hybrid procedure: abdominally mini-
mally invasive and thoracically open, thoracically mini-
mally invasive and abdominally open or completely 
minimally invasive; the minimally invasive access can also 
be carried out robotically) on participants undergoing 
abdominothoracic oesophagectomy for oesophageal 
cancer, in terms of overall survival and postoperative 
mortality and morbidity, by conducting a NMA.

Additional objectives
To assess the effects of different surgical approaches 
(completely open, hybrid procedure: abdominally mini-
mally invasive and thoracically open, thoracically mini-
mally invasive and abdominally open or completely 
minimally invasive; the minimally invasive access can also 
be carried out robotically) on participants undergoing 
abdominothoracic oesophagectomy for oesophageal 
cancer, in terms of disease-free survival, local-recurrence-
free survival, distant-recurrence-free survival, serious 
adverse events, achievement of tumour-free resection 
margins, number of lymph nodes resected, length of 

hospital stay, pathological tumour stage and quality of 
life, by conducting an NMA. Reconstruction methods (eg, 
gastric pull-up, colonic interposition and jejunal interpo-
sition) will not be included in the sensitivity analysis, as the 
focus of this study is on comparing surgical approaches 
for thoracoabdominal oesophagectomy rather than vari-
ations in reconstruction techniques, which are primarily 
dictated by patient-specific factors.

METHODS
Types of studies
In this systematic review with NMA, we will only include 
RCTs. There will be no restrictions regarding minimal 
time of follow-up or number of included participants. 
There will be no restrictions regarding language.

Crossover trials and cluster RCTs are not suitable to 
answer our research question and therefore will not be 
included. Both published and unpublished studies, full 
articles and abstracts, satisfying the criteria listed below, 
will be included.

Types of participants
Previously untreated participants with resectable non-
metastatic oesophageal cancer, both adenocarcinoma 
and squamous cell carcinoma, who underwent abdomi-
nothoracic oesophagectomy with curative intent will be 
included in this NMA. No restrictions regarding multi-
modal treatments will be applied.

The transitivity assumption is a fundamental concept in 
NMA and is mandatory for a valid estimation.16 17 In this 
review, all the included treatments are legitimate alterna-
tives that are not systematically applied or not applied to 
participants of different demographics or morbidities. In 
specific cases, it can be assumed that all the treatment 
options are commonly used in participants with resect-
able tumours requiring a thoracoabdominal resection. 
Thus, we assume that the transitivity assumption will be 
given.

Types of interventions
To be included in this NMA, trials have to compare at 
least two of the following interventions

	► Intervention 1: completely open abdominothoracic 
oesophagectomy.

	► Intervention 2: hybrid abdominothoracic oesophagec-
tomy (laparoscopy and thoracotomy).

	► Intervention 3: hybrid abdominothoracic oesophagec-
tomy (laparotomy and thoracoscopy).

	► Intervention 4: completely minimally invasive abdom-
inothoracic oesophagectomy (laparoscopy and 
thoracoscopy).

	► Intervention 5: hybrid abdominothoracic oesophagec-
tomy (robotic laparoscopy and thoracotomy).

	► Intervention 6: hybrid abdominothoracic oesophagec-
tomy (laparotomy and robotic thoracoscopy).

	► Intervention 7: completely robot-assisted abdomino-
thoracic oesophagectomy (robotic laparoscopy and 
robotic thoracoscopy).
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Since a combination of minimally invasive and robot-
assisted techniques is not practised, seven nodes, one for 
each intervention, can be defined.

Types of outcome measures
We will define both main and additional outcomes in our 
analysis

Main outcomes
	► Overall survival, defined as the time to death of any 

cause, measured from the date of randomisation until 
death from any cause. If the time after randomisation 
is not reported, the time after surgery will be analysed 
instead.

	► Postoperative mortality (defined as death of any cause 
until 90 days after surgery). If 90-day mortality is not 
defined, 30-day mortality will be analysed. If 30-day 
mortality is not defined, in-hospital mortality will be 
analysed instead.

	► Postoperative morbidity (any complication that would 
be classified as Clavien-Dindo grade I to IV). Postop-
erative complications will be categorised according to 
the Esophagectomy Complications Consensus Group 
definitions.18

Additional outcomes
	► Disease-free survival, defined as the time from rando-

misation until recurrence or death from any cause. If 
the time after randomisation is not reported, the time 
after surgery will be analysed instead.

	► Local-recurrence-free survival, defined as the time 
from randomisation until local recurrence. If the time 
after randomisation is not reported, the time after 
surgery will be analysed instead.

	► Distant-recurrence-free survival, defined as the time 
from randomisation until distant recurrence. If the 
time after randomisation is not reported, the time 
after surgery will be analysed instead.

	► Achievement of tumour-free resection margins (R0 
resectability).

	► Number of lymph nodes resected.
	► Length of hospital stay.
	► Pathological tumour stage at resection, according 

to the International Union against Cancer Tumour 
Node Metastasis (UICC TNM) classification.

	► Quality of life, as measured in the single trials. Quality-
of-life outcomes will be assessed using both generic 
and disease-specific instruments. Generic measures 
will include the 36-Item Short Form Health Survey 
(SF-36) and EuroQol-5 Dimensionen (EQ-5D), while 
disease-specific assessments will incorporate the Euro-
pean Organisation for Research and Treatment of 
Cancer Oesophageal Cancer Module (EORTC QLQ-
OES18) and European Organisation for Research and 
Treatment of Cancer Quality of Life Questionnaire 
Core 30 (EORTC QLQ-C30) to evaluate the impact of 
oesophagectomy on patient-reported outcomes.

Search methods for identification of studies
We will conduct a literature search to identify all published 
and unpublished RCTs in all languages (online supple-
mental material 1).

Electronic searches
We will search the following electronic databases (online 
supplemental material 1)

	► PubMed/Medline (1966–present)
	► Cochrane Library (inception–present)
	► Embase (inception–present)
	► Cumulative Index to Nursing and Allied Health Liter-

ature (1982–present)
	► ​ClinicalTrials.​gov (inception–present)
	► International Clinical Trials Registry Platform 

(inception–present)

Searching other resources
We will examine the reference lists of both primary studies 
and review articles to discover additional hits.

We will contact the authors of identified trials via their 
institutional email addresses and request their assistance 
in identifying other published and unpublished studies.

Additionally, we will contact medical device manu-
facturers and experts in the field. Experts will be 
identified from academic institutions, surgical soci-
eties and medical device manufacturers special-
ising in oesophageal surgery. Selection criteria will 
include publication records, clinical expertise and 
contributions to guideline development. In addition, 
medical device manufacturers focusing on minimally 
invasive and robotic-assisted surgical technologies 
will be contacted. To ensure a diverse perspective, 
experts from North America, Europe and Asia will be 
included. The primary points of contact within each 
industry will consist of representatives from clinical 
research departments, medical affairs divisions and 
product development teams.

Data collection and analysis
Selection of studies
Two review authors (AR and JF) will individually assess 
the titles and abstracts of the identified studies to 
determine their suitability for inclusion. Based on this 
assessment, each study will be categorised as either 
‘retrieve’ (eligible, potentially eligible or unclear) or 
‘do not retrieve’. The full texts of potentially eligible 
studies will be obtained, and, again, both AR and JF 
will independently review the full texts to determine 
their inclusion in the review. Reasons for excluding 
ineligible studies will be identified and documented. 
In case of any disagreements, a discussion will be held 
to reach a consensus, and, if necessary, a third author 
(UR) will be consulted. Duplicate studies will be 
identified and removed, and multiple reports of the 
same study will be consolidated, ensuring that each 
study is considered as the primary unit of interest 
in the review. A detailed account of the selection 
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process will be recorded to facilitate the creation of a 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses flow diagram and a ‘Characteristics of 
excluded studies’ table.

Data extraction and management
Published aggregate data
To collect study characteristics and outcome data, we will 
use a standardised data collection form. The extraction 
of study characteristics from the included studies will be 
performed independently by two of the review authors, 
AR and JF. The following study characteristics and results 
will be extracted:

	► General study information: title, authors, contact 
address, funding source, language, publication status, 
year of publication and place(s) and year(s) of study 
conduction.

	► Study design issues: inclusion/exclusion criteria, 
randomisation, risk of bias and length of study/
follow-up period.

	► Baseline characteristics of participants: size of inter-
vention and comparison groups and, for each group, 
the distribution of age, sex, co-morbidity (measured, 
if given as WHO performance status or American 
Society of Anesthesiologists classification), histology 
(adenocarcinoma/squamous cell carcinoma), tumour 
location (oesophagus or gastro-oesophageal junction, 
using the Siewert classification), tumour stage (TNM 
stage and UICC stage) and administration of preoper-
ative and adjuvant therapies.

	► Characteristics of the intervention: Intervention 1: 
completely open abdominothoracic oesophagectomy, 
intervention 2: hybrid abdominothoracic oesophagec-
tomy (laparoscopy and thoracotomy), intervention 
3: hybrid abdominothoracic oesophagectomy (lapa-
rotomy and thoracoscopy), intervention 4: completely 
minimally invasive abdominothoracic oesophagec-
tomy (laparoscopy and thoracoscopy), intervention 5: 
hybrid abdominothoracic oesophagectomy (robotic 
laparoscopy and thoracotomy), intervention 6: hybrid 
abdominothoracic oesophagectomy (laparotomy and 
robotic thoracoscopy) and intervention 7: completely 
robot-assisted abdominothoracic oesophagectomy 
(robotic laparoscopy and robotic thoracoscopy).

	► Loss to follow-up.
	► HR and its 95% CI both for overall survival and, if 

available, disease-free survival, local-recurrence-free 
survival and distant-recurrence-free survival.

	► Postoperative mortality (in-hospital mortality, 30-day 
mortality or 90-day mortality).

	► Postoperative morbidity (any complication that would 
be classified as Clavien-Dindo grade I–IV).

	► Completeness of resection margins (R0/R1/R2).
	► Pathological tumour stage at resection, as assessed 

from the surgical specimen according to the UICC 
TNM classification.

	► Quality of life, as measured within the single trial.

	► Notes: funding for the trial and notable conflicts of 
interest of trial authors.

To ensure accuracy and completeness, we will reach 
out to investigators or study sponsors to verify important 
study characteristics and gather any missing data.

Assessment of risk of bias in included studies
The risk of bias for each included study will be evaluated 
independently by two review authors, AR and JF. We will 
follow the criteria provided in the Cochrane Handbook 
for Systematic Reviews of Interventions to conduct this 
assessment from Higgins et al19 and the Cochrane ‘Risk 
of bias’ (RoB 2) tool V.2.20 Disagreements, if any, will be 
resolved through discussions or by seeking input from a 
third review author (UR).

The effect of interest will be the effect of the assignment 
on the interventions at baseline, regardless of whether 
the interventions were actually received and adhered to 
as intended. The following results for all outcomes will be 
assessed using RoB 2.

Each potential source of bias will be evaluated and 
assigned a grading of ‘high,’ ‘some concerns’ or ‘low.’ 
The ‘Risk of bias’ table will include a quotation from the 
study report along with a justification for our assessment. 
The judgements on ‘Risk of bias’ for each domain across 
studies will be summarised.

To determine the overall risk of bias, we will use the 
signalling questions and algorithm provided by the RoB 
2 tool. The RoB 2 Excel tool will be employed to manage 
the bias assessment process. In the evaluation of treat-
ment effects, the overall RoB 2 judgement will guide the 
Grading of Recommendations Assessment, Development 
and Evaluation (GRADE) assessment. Given the antic-
ipated large volume of data, the consensus decisions 
for the signalling questions will be presented in the full 
review, while the complete dataset will be provided in a 
supplementary section.

Data synthesis
To address the question of the most effective surgical 
approach, an NMA will be performed for each of the 
outcomes mentioned above. A closed network of inter-
ventions, as shown in figure 1, is expected at least for the 
main outcomes. If it is not feasible to perform a NMA, 
a pairwise meta-analysis will be conducted. We will only 
perform meta-analysis if the studies are sufficiently similar 
in terms of the definition of the outcomes, conducted 
treatments, characteristics of the participants and effect 
modifiers.

The standardised mean difference with its 95% CI 
will be used as the effect measure for the continuous 
outcomes. If the mean is not available, it will be estimated 
out of other measures as proposed by Wan et al.21

The OR with 95% CI will be calculated for the binary 
outcomes.

The HR with 95% CI will be calculated for time-to-event 
(TTE) outcomes. If the HR is not available, it will be 
derived from other summary data or Kaplan-Meier plots 
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according to the methods described by Parmar et al22 and 
Tierney et al.23 If TTE results are only reported graphi-
cally, then we will estimate the values from these figures 
with reliable software.

If there is more than one publication of the same 
study at different points in time, the publication with the 
longest observation period for Overall survival (OS) will 
be selected for inclusion in the NMA. The other publica-
tions of the same study will be excluded from the analysis. 
If a trial includes further treatment arms, we will include 
only the relevant arms in our analysis, while indicating 
the availability of additional arms in the ‘Characteristics 
of included studies’ table.

Frequentist NMA using random effects models as 
proposed by Rücker24 or generalised linear mixed 
models (in case of binary outcomes) will be calculated to 

synthesise the available evidence. Studies with more than 
two arms will be included in the NMA considering the 
within-study correlation.25

To assess heterogeneity between studies, the predic-
tion interval, the p value of the Q-test, the between-study 
variance τ2 and the I2 statistics will be estimated and 
considered. By performing subgroup analyses for the 
subgroups mentioned below, we will investigate reasons 
for the heterogeneity that may be present.19 We will use 
the formal Q-test to investigate differences between the 
subgroups. Additionally, we will consider any statistical 
heterogeneity that may be present when interpreting the 
results.

The consistency, that is the statistical magnification of 
the assumption of transitivity, will be statistically assessed 
by comparing the direct and indirect evidence.17 26 

Figure 1  Network graph.
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Treatment approaches will be ranked in terms of effi-
cacy using the p value, allowing an indication of the most 
effective treatment.27

Results will be presented using forest plots
If more than 10 trials can be pooled, possible publica-

tion bias will be investigated using a funnel plot for pair-
wise meta-analyses and comparison-adjusted funnel plots 
for NMA.25

If sufficient data are available, we plan to perform the 
following subgroup analyses:

	► Tumour location (upper third, middle third, lower 
third and gastro-oesophageal junction)

	► Histology (adenocarcinoma vs squamous cell 
carcinoma)

	► Neoadjuvant therapy versus direct surgery
When possible, all outcomes will be used in subgroup 

analyses.
We will include all eligible studies in our analysis, and 

sensitivity analyses will be carried out based on the assigned 
risk of bias for each study, as previously described (low, 
some concerns or high). Sensitivity analyses based on the 
risk of bias will be performed for all outcomes, following 
the same categorisation (low, some concerns and high).

All statistical analyses will be performed using the 
latest version of the software R and the extensions meta, 
netmeta and metafor.

The literature search on the databases will start 
in September 2024. The NMA will be completed in 
September 2025.

A ‘summary of findings’ table will be prepared 
for the NMA, which will include both relative and 
absolute effect measures. Here, the GRADE criteria 
(study limitations, consistency of effect, imprecision, 
indirectness and publication bias) will be used to 
determine the quality of the evidence. In regard to 
this, a classification will distinguish between high, 
moderate, low and very low. The methods and recom-
mendations described in the Cochrane handbook 
will be applied.

By performing this analysis, we can obtain a 
comprehensive assessment of the different surgical 
approaches for oesophagectomy and better under-
stand their effectiveness in comparison to each other. 
This approach will allow us to integrate data from 
different studies and make direct as well as indirect 
comparisons between the different treatment modal-
ities to draw informed conclusions. The results of 
this study could help to inform clinical practice and 
improve the treatment of patients with oesophageal 
cancer.
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