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ABSTRACT
Introduction  The only curative treatment for most gastric 
cancer is radical gastrectomy with D2 lymphadenectomy 
(LAD). Minimally invasive total gastrectomy (MIG) aims 
to reduce postoperative morbidity, but its use has not yet 
been widely established in Western countries. Minimally 
invasivE versus open total GAstrectomy is the first Western 
multicentre randomised controlled trial (RCT) to compare 
postoperative morbidity following MIG vs open total 
gastrectomy (OG).
Methods and analysis  This superiority multicentre RCT 
compares MIG (intervention) to OG (control) for oncological 
total gastrectomy with D2 or D2+LAD. Recruitment is 
expected to last for 2 years. Inclusion criteria comprise 
age between 18 and 84 years and planned total 
gastrectomy after initial diagnosis of gastric carcinoma. 
Exclusion criteria include Eastern Co-operative Oncology 
Group (ECOG) performance status >2, tumours requiring 
extended gastrectomy or less than total gastrectomy, 
previous abdominal surgery or extensive adhesions 
seriously complicating MIG, other active oncological 
disease, advanced stages (T4 or M1), emergency setting 
and pregnancy.
The sample size was calculated at 80 participants per 
group. The primary endpoint is 30-day postoperative 
morbidity as measured by the Comprehensive 
Complications Index. Secondary endpoints include 
postoperative morbidity and mortality, adherence to a 
fast-track protocol and patient-reported quality of life 
(QoL) scores (QoR-15, EUROQOL EuroQol-5 Dimensions-5 
Levels (EQ-5D), EORTC QLQ-C30, EORTC QLQ-STO22, 
activities of daily living and Body Image Scale). 
Oncological endpoints include rate of R0 resection, lymph 
node yield, disease-free survival and overall survival at 
60-month follow-up.
Ethics and dissemination  Ethical approval has been 
received by the independent Ethics Committee of the 
Medical Faculty, University of Heidelberg (S-816/2021) and 
will be received from each responsible ethics committee 

for each individual participating centre prior to recruitment. 
Results will be published open access.
Trial registration number  DRKS00025765.

INTRODUCTION
Gastric cancer is the sixth most common 
tumour disease in the world and causes the 
second most deaths.1 In 2018, approximately 
one million patients worldwide and approx-
imately 15 000 patients in Germany were 
diagnosed with gastric cancer, of which an 
average of 76% die from the disease.1 Gastric 
cancer causes one of the highest oncological 
disease burdens as measured by lost disability-
adjusted life-years (DALYs). This fact 

STRENGTHS AND LIMITATIONS OF THIS STUDY
	⇒ Minimally invasivE versus open total GAstrectomy 
is the first Western multicentre randomised con-
trolled trial to specifically compare open gastrecto-
my with minimally invasive gastrectomy in terms of 
postoperative morbidity using the Comprehensive 
Complication Index (CCI).

	⇒ Usage of the CCI as a comprehensive outcome mea-
sure allows for objective comparisons with other 
trials.

	⇒ Differentiation between robotic and laparoscopic 
total gastrectomy will be made in the explorative 
subgroup analysis only.

	⇒ High levels of standardisation, intraoperative photo 
documentation, well-powered group sizes and risk-
based monitoring by the Study Center of the German 
Society of Surgery will guarantee objective data ac-
quisition, increase patients’ adherence to the proto-
col, and ultimately, lead to exceptional data quality.

http://bmjopen.bmj.com/
http://orcid.org/0000-0002-0571-4710
http://orcid.org/0000-0002-6100-2371
http://orcid.org/0000-0003-0313-6862
http://orcid.org/0000-0002-0895-4015
http://orcid.org/0000-0002-8552-8538
http://dx.doi.org/10.1136/bmjopen-2022-064286
http://dx.doi.org/10.1136/bmjopen-2022-064286
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2022-064286&domain=pdf&date_stamp=2022-010-31


2 Nickel F, et al. BMJ Open 2022;12:e064286. doi:10.1136/bmjopen-2022-064286

Open access�

highlights the aggressiveness of the disease. Age-adjusted 
DALY rates per 100 000 reach 241 for men and 146 for 
women, ranking 4th after liver, lung and breast cancer.2 3

Currently, the only therapy that offers a chance of cure 
is gastrectomy, with a 5-year survival rate of 20%–30% and 
postoperative morbidity and mortality as high as 63%4 
and 11%,5–10 even at experienced centres.4–18 Therefore, 
there is a great need to identify the optimal surgical 
approach using evidence from multicentre data in order 
to improve oncological outcome and to decrease postop-
erative complications.

The current gold standard is open gastrectomy (OG) 
with D2 lymphadenectomy (LAD) (online supple-
mental appendix 2), but its highly invasive nature leads 
to potentially high complication rates, especially in 
elderly and obese patients. These frequent postopera-
tive complications result in higher mortality, lower QoL, 
a longer hospital stay and thus a higher burden on the 
healthcare system.6 19 In other fields of visceral surgery, 
such as appendectomy, cholecystectomy, obesity surgery 
and esophagectomy, minimally invasive surgery has 
already replaced the open approach as the standard of 
care.7 20–22 Several randomised controlled trials (RCTs) 
have demonstrated reduced postoperative complications 
following minimally invasive surgery compared with the 
open approach. This finding is due to the procedure’s 
resulting smaller wounds, reduced operative trauma, 
lower blood loss, shorter hospital stay and faster rehabili-
tation time.22–24

Postoperative complications, however, are not only 
important for the immediate postoperative course, which 
is usually secondary in relevance, but can also affect long-
term oncological outcome.25–27 In a study of 432 patients 
with curative gastrectomy and D2 LAD for treatment of 
gastric cancer, the occurrence of postoperative in-hospital 
complications was an independent predictor of worse 
5-year survival (22% vs 40%). This can be perceived as an 
indication that postoperative complications may lead to 
higher mortality in the long term.28 Therefore, the trend 
towards favouring minimally invasive gastrectomy (MIG) 
for gastric cancer is increasing.

Methods and analysis

Setting
The Minimally invasivE versus open total GAstrectomy 
(MEGA) trial is a prospective randomised, controlled, 
non-blinded, two-armed multicentre surgical superiority 
trial with a confirmatory character. It includes 14 surgical 
centres in Germany and Switzerland and is coordinated by 
the Department of General, Visceral and Transplantation 
Surgery at Heidelberg University Hospital, in Germany. 
Recruitment is planned for two consecutive years. The 
study protocol was accepted by the Independent Ethics 
Committee of the Medical Faculty, University of Heidelberg 
(registration number S-816/2021) prior to recruitment. 
The trial was registered at DRKS under the registration 
number DRKS00025765 on 22 December 2021.29 No 

secondary identifying numbers such as a Universal Trial 
Number have been assigned. Recommendations of the 
SPIRIT (Standard Protocol Items: Recommendations for 
Interventional Trials) checklist were followed.30

Patient recruitment
Recruitment is planned to take place at 14 surgical centres 
in Germany and Switzerland. Certain eligibility criteria 
have to be met by the participating centres and surgeons 
in order to eliminate bias from inexperience or learning 
curves. Therefore, hospitals need to have a case load of 
≥20 gastrectomies per year, and every trial surgeon has 
to provide evidence of at least 20 previously performed 
surgeries of the respective surgical procedure/s, he or 
she wants to contribute (OG, laparoscopic gastrectomy 
(LAG) or robotic-assisted gastrectomy (RAG)). Eligible 
patients will be screened consecutively to eliminate selec-
tion bias and will receive diagnostic staging laparoscopy 
prior to randomisation.

Inclusion criteria
	► Age between 18 and 84 years.
	► Planned total gastrectomy after first diagnosis of 

gastric carcinoma.
	► Ability of patient to understand character and conse-

quences of the trial.
	► Written informed consent.

Exclusion criteria
	► ECOG performance status >2.
	► Planned extended gastrectomy or less than total 

gastrectomy (eg, adenocarcinoma of the esophago-
gastric junction (AEG) I and AEG II, or distal gastric 
tumours of an intestinal subtype).

	► Previous gastric surgery or extensive adhesions seri-
ously complicating MIG.

	► Other active oncological disease or history of cancer 
limiting prognosis in comparison to the gastric cancer.

	► Emergency setting.
	► Language barriers rendering the patient unable to fill 

out patient-reported outcome questionnaires.
	► Participation in another intervention trial that might 

interfere with the intervention and/or outcome of 
this trial.

	► Pregnancy.
Exclusion criteria previously or during staging 

laparoscopy:
	► T4.
	► M1.
Neoadjuvant chemotherapy does explicitly not 

contribute to inclusion or exclusion criteria, but will 
of course be monitored. Inclusion takes place after the 
staging laparoscopy, and patients will be randomised to 
the intervention arm (MIG) or the control arm (OG) 
(figure 1).

Trial duration and schedule
Recruitment is planned to take 24 months. The dura-
tion of the trial for each patient is expected to be 1 
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month for the primary endpoint and 60 months for the 
secondary endpoints with long-term follow-up. Conse-
quently, the duration of data collection is expected to 
be 25 months for the primary endpoint and 84 months 
for the secondary endpoints (first-patient-in (FPI) to last-
patient-out (LPO)). FPI is planned for September 2022 
and last-patient-in is planned for September 2024. LPO 
is consequently planned for September 2029. Trial anal-
ysis will take an additional 6 months. The actual overall 
duration or recruitment time may differ. Recruitment is 
planned to be active until both arms contain at least 80 
patients in the intention-to-treat (ITT) dataset.

Trial visits
Patients will be monitored intraoperatively, on postoper-
ative days (POD) 1, 3 and 5, and on the day of discharge. 
Follow-up will be conducted on POD 30, 90 and after 
postoperative months 6, 12, 24, 36, 48 and 60 (table 1). 
Demographic and baseline clinical data, intraopera-
tive findings and postoperative results will be recorded. 
During the follow-up, patients will complete established 
and validated questionnaires. To enhance participant 
retention and to avoid lost to follow-up, patients will be 
contacted for the completion of questionnaires and to 
collect missing data. Informed consent will be obtained 
and trial data will be collected by trained assessors using 
electronic case report forms (eCRFs).

Primary endpoint
The primary endpoint will be postoperative morbidity 
measured using the Comprehensive Complication Index 
(CCI) until POD 30.31 Usage of this index will enable a 

comparison of the severity and individual burden of post-
operative complications with results from other trials.32 33 
Postoperative morbidity is defined as any deviation from 
the normal postoperative course according to the Clavien-
Dindo classification.34 This includes anastomotic insuffi-
ciency or loss of anastomotic integrity verified by either 
CT scan with detection of contrast agent external to the 
anastomosis, endoscopy, or the detection of methylene 
blue in a drain following oral intake.

Secondary endpoints
Secondary endpoints can be separated into short-term 
clinical and oncological endpoints as well as long-term 
clinical and oncological endpoints (at 5-year follow-up, as 
measured from the date of surgery) and can be found in 
table 1. Hyperspectral imaging of the surgical site intra-
operatively (visit 3) will be performed in Heidelberg only.

Standardised therapy and trial interventions
Control: Total OG with D2/D2+LAD.

Intervention
Total MIG with D2/D2+LAD either as LAG or RAG. A 
minilaparotomy or a Pfannenstiel incision (≤8 cm inci-
sion in both the skin and fascia) may be performed for 
specimen removal.

Modified cardia-preserving total gastrectomy (pres-
ervation of gastro-oesophageal junction) can also 
be accepted, but only if the short gastric vessels are 
dissected as well, and if LAD is the same as for total 
gastrectomy. Besides the open or minimally invasive 
approach, the remaining treatment is identical in 

Figure 1  Trial design flow chart. *Intraoperative conversion from MIG to OG, for example, due to bleeding. **Lost to follow-
up over 30 POD. MIG, minimally invasive gastrectomy; OG, open gastrectomy; POD, postoperative day; POM, postoperative 
month.
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Table 1  Trial visits and overview over documented parameters and outcomes

Activity and documentation
Visit 1
(screening)

Visit 2
(laparosc.)

Visit 3
(surgery)

Visits 4–6
(POD 1, 3, 5)

Visit 7
(discharge)

Visits 8–9 
(POD 30, 90)

Visits 10–15 
(POM 6, 12, 24, 
36, 48, 60)

Inclusion and exclusion 
criteria

X

Informed consent X

Medical history and 
preoperative assessment*

X

Randomisation X

Surgical and anaesthetic 
documentation†

X

Postoperative morbidity 
measured with CCI (primary 
endpoint) until POD 30

X X X X X (V8)

Biological specimen retrieval

EDTA blood samples X

Formalin and paraffin tissue 
samples

X

Visit 1
(screening)

Visit 2
(laparosc.)

Visit 3
(surgery)

Visits 4–6
(POD 1, 3, 5)

Visit 7
(discharge)

Visits 8–9 
(POD 30, 90)

Visits 10–15 
(POM 6, 12, 24, 
36, 48, 60)

Short-term clinical endpoints

Postoperative morbidity 
measured with the CCI until 
POD 90

X X X X

Major complications 
(Clavien-Dindo ≥3) unitl POD 
90

X X X X

Conversion rate X

Operation time X

Blood loss X

Length of stay in the ICU X X

Length of hospital stay X

Pain and postoperative 
analgesic required

X X

Laboratory parameters
(CRP, leucocytes)

X X

Mobilisation of the patient X

Quality of the patient’s 
recovery (QoR-15)

X (V5)

Quality of life (EUROQOL 
EQ-5D-5L, EORTC 
QLQ-C30, EORTC QLQ-
STO22, ADL)

X X X X

Adherence to a fast-track 
gastrectomy SOP

X X X

Objective evaluation of 
anastomoses

X

First bowl function X

Wound healing deficits X X X (V8)

Vegetative function‡ X X

Necessity of interventions 
due to complications

X X X X

Oncological short-term data

Continued
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both groups. Any other form of gastrectomy, explicitly 
conventional subtotal gastrectomy (preserved short 
gastric vessels and limited LAD of station 2 and 4sa), 
extended gastrectomy and distal gastrectomy with 
Billroth I or II reconstruction are not allowed. Recon-
struction can be of any form including Roux-Y recon-
struction, interposition or pouch reconstruction. Any 
other step of the procedure such as antibiotic prophy-
laxis, placement of abdominal drains and closure of the 
abdominal wall can be performed according to in-house 
standards. D2 LAD is defined according to the Japanese 

classification,35 with stations 1, 2, 3a, 3b, 4sa, 4sb, 4d, 5, 
6, 7, 8a, 9, 11p, 11d and 12a obligatory for the MEGA 
trial (figure 2). Station 10 is optional. Incomplete LAD 
is not allowed and has to be documented as a protocol 
deviation.

Removal of further stations (8b, 12b, 12p, 13, 14v, 14a, 
15, 16a1, 16a2, 16b1, 16b2, 17, 18, 19, 20, 110, 111 and 
112) is allowed when deemed appropriate, for example, 
in case of assumed tumour invasion, and has to be docu-
mented as D2+.

Activity and documentation
Visit 1
(screening)

Visit 2
(laparosc.)

Visit 3
(surgery)

Visits 4–6
(POD 1, 3, 5)

Visit 7
(discharge)

Visits 8–9 
(POD 30, 90)

Visits 10–15 
(POM 6, 12, 24, 
36, 48, 60)

No of lymph nodes removed 
and of tumour-positive lymph 
nodes

X

No of R0 resections X

Development of tumour 
markers (CA 125, CA 19–9, 
CA 72–4, CEA)

X

Tumour histpathology§ X

Long-term clinical data
(5 year follow-up)

Changes of body weight X X X

Quality of life (EUROQOL 
EQ-5D-5L, EORTC 
QLQ-C30, EORTC QLQ-
STO22, ADL, BIS)

X X X X

Incidence of incisional 
hernias

X X

Incidence of reoperations X X X X

Incidence of stenosis X X

Cosmetic results and scar 
satisfaction (BIS)

X (V13)

Oncological long-term data
(5-year follow-up)

Oncological treatment 
(adjuvant and consecutive 
therapy)

X X

Disease-free survival 
recurrence-free survival, RFS

X (V9) X

Local recurrence X (V9) X

RFS X (V9) X

Progression-free survival X (V9) X

Time to progression X (V9) X

Overall survival X (V9) X

*Includes body mass index, ASA status, preoperative oncological status, prior surgical treatment, drug use and comorbidities.
†Includes surgical documentation (surgeons, procedures, complications, drains) and anaesthesiology documentation.
‡Includes dysphagia, reflux and dumping syndromes.
§Includes entity, TNM, grading and resection status.
ADLs, activities of daily living; ASA, American Society of Anesthesiologists; BIS, Body Image Scale; CA, carbohydrate antigen; CCI, Comprehensive 
Complication Index; CEA, carcinoembryonic antigen; ECOG, Eastern Co-operative Oncology Group; EORTC QLQ-C30, European Organisation for 
Research and Treatment of Cancer Quality of Life Questionnaire Core 30; EORTC QLQ-STO22, EORTC Quality of Life Questionnaire for Gastric 
Cancer; EUROQOL EQ-5D-5L, EuroQol Group Questionnaire for Quality of Life with 5 dimensions and 5 levels; ICU, intensive care unit; POD, 
postoperative day; POM, postoperative month; QoR-15, Quality of Recovery 15; SOP, standard operating procedure.

Table 1  Continued
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Postoperative management
Postoperative management should be performed in a 
fast-track approach with short durations until patient 
mobilisation, drainage removal and first oralisation of 
food. The patient should be extubated immediately after 
surgery and transferred to a normal ward, if possible. 
Further specifications for the postoperative course will 
be outlined in the provided standard operating proce-
dure (SOP) for fast-track gastrectomy. The last in-hospital 
trial visit takes place on the day of discharge. Subsequent 
trial visits will be conducted via telephone. These will be 
questionnaire-based and focus on CCI (until POD 90), 
QoL and oncological outcome.

Randomisation and blinding
In order to ensure equal distribution of patient charac-
teristics between both trial arms, randomisation will be 
performed using a web-based randomisation tool (www.​
randomizer.at). Randomisation will take place following 
diagnostic laparoscopy (visit 2). The allocation pattern 
is masked, block-randomised with variable block length, 
and stratified across centres. Due to the pragmatic char-
acter of the trial, blinding of the surgeon is not feasible.

Quality assurance and quality management
Clinical data monitoring
Clinical monitoring will be performed by independent 
monitors at the Study Center of the German Society of 
Surgery. The monitoring strategy will comprise a combi-
nation of centralised and onsite monitoring and will be 
described in a trial specific monitoring plan. To confirm 

site selection, prestudy visits will be performed. On-site 
monitoring will focus on patient informed consent, safety 
and surgical procedures as well as the correct recording 
and documentation of the primary and secondary 
endpoints by source data verification (SDV).

Surgical quality control
Several steps are necessary to ensure and evaluate surgical 
quality:
1.	 Trial surgeons must have performed 20 surgeries in 

the respective approach (OG, LAG or RAG), depend-
ing on the trial arm they will contribute to.

2.	 Each trial surgeon must provide photographic or video 
documentation of a former procedure.

3.	 Each trial surgeon has to provide photographic or vid-
eo documentation of the trial procedures, which will 
be assessed by an expert. This photographic or video 
documentation is defined as follows:

Lhymph node station 7 (left gastric artery) after 
dissection.
Lymph node station 8 a (common hepatic artery) 
after dissection.
Lymph node station 9 (coeliac artery) after dissec-
tion.
Lymph node station 10 (splenic hilum) after dissec-
tion.
Lymph node station 11p (proximal splenic artery) 
after dissection.

Figure 2  Schematic lymphadenectomy. Stations for lymphadenectomy (LAD) as required for total gastrectomy according to 
the cited Japanese classification. Schemes are separated into D1 LAD, D2 LAD and further lymph node stations.

www.randomizer.at
www.randomizer.at
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Lymph node station 11d (distal splenic artery) after 
dissection.
Lymph node station 12a (hepatoduodenal ligament 
along the hepatic artery) after dissection.
Duodenal stump.
All anastomoses.
Incision for specimen retrieval in MIG.

Assessment of safety
Since the primary endpoint is postoperative complica-
tions as measured by the CCI, adverse (AE) and serious 
AEs (SAE) are already captured and no additional safety 
analysis will be performed (table 2).

Data management
The Institute of Medical Biometry (IMBI) is responsible 
for data management within this trial. An eCRF will be 
used for data collection. To assure safe and secure data 
use and storage, data transmission is encrypted with 
secure socket layer technology. Only authorised users are 
able to enter or edit data, and access is further restricted 
to data of the patients in that user’s respective centre 
only. All changes to data are logged with a computerised 
timestamp in an audit trail. All data will be pseudony-
mised. To guarantee high data quality, data validation 
rules will be defined in a data validation plan. Complete-
ness, validity and plausibility of data will be checked at 
the time of data entry (edit checks) and using validating 
programmes, which will generate queries. If no further 
corrections are to be made in the database, eCRF data 
will be locked. Data will finally be downloaded and used 
for statistical analysis. All data management procedures 
will be conducted according to written defined SOPs of 
the IMBI that guarantee efficient conduct in compliance 
with Good Clinical Practice. At the end of the study, the 
data will be transformed into different data formats (eg, 
csv-files) for archiving and to ensure that it can be reused.

Statistical methods
Sample size
The sample size calculation is based on the primary 
endpoint ‘postoperative morbidity as measured with the 
CCI until POD 30’. A decrease of the CCI by 10 points 
between OG and MIG is considered relevant by patients 
and clinicians, and a conservative SD of 20 is assumed 
based on existing literature for upper GI surgery,36 
leading to an effect size of d=0.5. Based on a t-test with 

a two-sided significance level of α=0.05, a sample size 
of n=128 patients (64 per group) has to be recruited to 
achieve a power of 80%. The primary endpoint will be 
analysed with a linear mixed regression model, which 
leads to equal or even increased power when compared 
with a two-sided t-test. To compensate for drop-outs and 
patients lost to follow-up, a further 20% of patients will 
be randomised, leading to a total sample size of n=160 
(80 per group; 80×0.8 = 64.8). The number of patients 
to be screened (n=400 to be assessed for eligibility; 
400×0.5×0.8=160) was calculated with an assumed 50% 
participation rate and an exclusion rate of 20%.

Randomised and allocated (n=160; 80 per group).
ITT dataset (n=160; 80 per group).
Per-protocol dataset (n=136; 72 and 64).

Statistical analysis
For the examination of the primary endpoint ‘postopera-
tive morbidity measured with the CCI until POD 30,’ the 
hypotheses to be assessed in the primary analysis are as 
follows: H0: μ1 = μ2 vs H1: μ1 ≠ μ2, where μ1 and μ2 denote 
the mean CCI in the control and intervention groups, 
respectively. The significance level is set to a two-sided 
α=0.05. Therefore, the primary endpoint will be exam-
ined using a linear mixed model adjusting for the vari-
ables age and treatment group, as well as the surgical 
centre as a random effect (due to the stratified rando-
misation and relatively large number of centres in rela-
tion to the sample size, inclusion of centre as a random 
effect is recommended). Details of the primary model 
(eg, handling of missing values, sensitivity analyses) will 
be fully described in the statistical analysis plan.

The number of patients included in the primary analysis 
is determined as the full analysis set. Patients will be anal-
ysed in the group they were randomised to (converted 
patients remain in their group). This reflects an analysis 
according to the ITT principle. Specific events (eg, death) 
that can occur after randomisation will be handled within 
the primary endpoint definition, reflecting a composite 
strategy (according to the ICH E9 (R1) addendum). 
Other postrandomisation events will not be considered. 
This choice reflects our treatment policy approach.

In general, for the full analysis set, all baseline values 
and secondary outcomes will be evaluated descriptively, 
with p values reported alongside 95% CIs for the corre-
sponding effects. Furthermore, secondary endpoints will 
be evaluated descriptively, using appropriate regression 

Table 2  Grading of adverse events (AEs)

Clavien-Dindo AE Serious AE (SAE) Minor complication Major complication

Grade I complication AE - Minor complication -

Grade II complication - -

Grade III complication - - Major complication

Grade IV complication SAE -

Grade V complication -



8 Nickel F, et al. BMJ Open 2022;12:e064286. doi:10.1136/bmjopen-2022-064286

Open access�

models. Time-to-event endpoints will be evaluated by 
methods of survival analysis including Kaplan-Meier 
methods and Cox proportional hazards models. In addi-
tion, subgroup analyses (including age, gender, tumour 
stage, tumour grade, histological tumour type, linear vs 
circular stapler for proximal anastomosis, linear vs hand-
sewn for distal anastomosis, type of retrieval incision and 
intraoperative conversion) will be carried out. A detailed 
and comprehensive statistical analysis plan will be written 
shortly after the first patient is recruited. All analyses will 
be performed using SAS V.9.4 or higher.

DISCUSSION
We performed a systematic literature search prior to 
planning this trial and identified 974 publications. Of 
those, 17 RCTs comparing LAG with OG7 37–55 and 2 RCTs 
comparing RAG with OG56 57 were found to be relevant. 
The studies showed comparable oncological and short-
term postoperative outcomes for MIG and OG. However, 
16 of the 19 studies were conducted in China, Koreaand 
Japan.7 38–50 56 57 These countries have a significantly 
higher incidence of gastric cancer, which consequently 
leads to significantly higher surgical volume and expertise 
among the participating centres.58 In addition, the body 
constitution of Asian patients is often different from that 
of Western patients, which limits the direct transferability 
of study results. Also, the incidence of gastric cancer is 
lower in Western populations and advanced disease stages 
are more frequently detected, because screening is less 
common. Therefore, it is unclear whether these results 
would be reproducible in a Western population.

Currently, there have only been three non-Asian RCTs 
directly comparing LAG and OG. The first RCT, by Huscher 
et al, focused exclusively on distal gastrectomy, did not 
define any specific primary or secondary endpoints, and 
included a total of 59 patients.37 Due to the missing differ-
entiation between primary and secondary endpoints, the 
trial can be perceived as methodically limited and was 
most likely underpowered. However, no significant differ-
ence was found in perioperative outcome, oncological 
outcome or mortality (morbidity rates: 26.7% (LAG) and 
27.6% (OG), lymph nodes harvested: 30.0±14.9 (LAG) 
and 33.4±17.4 (OG), operative mortality rates: 3.3% (LG) 
and 6.7% (OG), 5-year survival rate: 54.8% (LAG) and 
55.7% (OG)).

The only two currently existing relevant Western multi-
centre RCTs comparing open versus minimally invasive 
oncological total gastrectomy are the laparoscopic versus 
open gastrectomy for gastric cancer (LOGICA) trial52 53 
and the STOMACH trial,51 54 55 which were both puplished 
in 2021.

The LOGICA trial is a non-blinded, multicentre 
superiority trial with 227 patients with postoperative 
hospital stay as the primary endpoint. The study iden-
tified significant differences regarding blood loss (150 
mL (LAG) and 300 mL (OG), p<0.001) and operating 
time (216 min (LAG) and 182 min (OG), p<0.001), but 

no significant differences in hospital stay (p=0.34), post-
operative complications (44% (LAG) and 42% (OG), 
p=0.91), in-hospital mortality (4% (LAG) and 7% (OG), 
p=0.40), R0 resections (95% (LAG) and 95% (OG), 
p=1.00), median lymph node yield (29 (LAG) and 29 
(OG), p=0.49), 1-year overall survival (76% (LAG) and 
78% (OG), p=0.74), and health-related QoL (+1.5 (LAG) 
and +3.6 (OG) on a 1–100 scale).

The STOMACH trial is an observer-blinded, multi-
centre, non-inferiority trial with 96 patients following 
neoadjuvant chemotherapy with quality of oncological 
resection (radicality of surgery and number of retrieved 
lymph nodes) as the primary endpoint. Mean number of 
resected lymph nodes (41.7±16.1 (LAG) and 43.4±17.3 
(OG), p=0.612), number of R0 resections (44/47 (LAG) 
and 48/49 (OG), p=0.617), 1-year survival (85.5% (LAG) 
and 90.4% (OG), p=0.701), postoperative complications 
(16/47 (LAG) and 21/49 (OG), p=0.408), and postop-
erative QoL (measured with EQ-5D, EORTC-QLQ-C30, 
and EORTC-QLQ-STO22) were not significantly 
different.

In a regular setting with a diagnosed carcinoma, 
patients should usually be advised to make their decision 
for or against a certain treatment option with regard to 
a combination of highest expected overall survival and 
simultaneous conservation of long-term QoL. Short-
term postoperative complications should only be treated 
as secondary deciding factors. However, if postopera-
tive complications might impair long-term QoL or even 
overall survival, they become equally relevant. In general, 
postoperative complications can have negative effects on 
QoL or overall survival; however, this is much more the 
case for gastric cancer, as time to continuation of perop-
erative chemotherapy can be prolonged and the prog-
nosis therefore worsened.

The STOMACH trial provides evidence that MIG 
is non-inferior to OG in terms of oncological quality 
of resection, which is a necessary requirement for the 
MEGA trial, as postoperative morbidity and complica-
tions can only be decisive factors in the case of onco-
logical non-inferiority for an oncological resection with 
curative intent.

While both the STOMACH and LOGICA trials suggest 
that postoperative complications might not be signifi-
cantly different between both groups, a premature 
confirmative statement must be avoided as complications 
have only been investigated as secondary endpoints so 
far. Consequently, a multicentre RCT comparing total 
MIG and OG for gastric cancer in terms of postoperative 
complications is needed to decide whether MIG should 
be established as the new standard treatment for resect-
able gastric cancer in Europe.

The MEGA trial has strict quality control measures and 
will be conducted in line with all relevant guidelines. 
Therefore, it will provide the highest level of evidence on 
this very relevant clinical research question.
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ETHICS AND DISSEMINATION
The MEGA trial conforms to the Declaration of 
Helsinki.59 The Independent Ethics Committee of the 
Medical Faculty, University of Heidelberg, approved the 
MEGA trial protocol (registration number S-816/2021). 
For other trial centres, recruitment will only be initi-
ated after receiving approval from their respective local 
ethics committees. Online supplemental additional file 1 
provides the SPIRIT checklist for interventional trials.60

Study objectives and procedures will be communitated 
clearly to all qualifying patients and written informed 
consent will be obtained from those who agree to partic-
ipate. Results will be presented at scientific meetings 
and published in international peer-reviewed journals. 
Summaries will be provided to the funders of the study 
and results will be published in open-access journals.

Patient and public involvement
Patients are involved in the design and conduction of this 
trial. Priority of the research question, outcome measures 
and recruitment methods were discussed with patients 
during the initial planning stage. Patients have stated 
an uneventful postoperative course as a very notable 
feature, and every possible intervention contributing to 
lower postoperative morbidity was rated to be of great 
importance.

The chairman of one of Germany’s largest patient 
self-aid groups concerning minimally invasive surgery 
(SHG Frankfurt Sachsenhausen) will be a member of 
the data safety and monitoring board as a patient repre-
sentative. Therefore, this study will continue to take the 
patient’s perspective into account.

Modification of the protocol
The current protocol version (1.2) will be used during 
trial initiation. In case of protocol amendments, these 
will be submitted to the relevant ethics committees for 
approval.
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