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Abstract

Background: Minimally invasive techniques have gradually come to take a leading position in the surgical
treatment of gastrointestinal malignancies. In order to define an effective process for the implementation of similar
techniques in the treatment of gastric cancer, patient caseload represents a pivotal factor for education and
training, but is a prerequisite not fulfilled in most Western countries. Additionally, as opposed to the East, a variety
of additional factors such as the usually advanced stage of the disease and differences in patient characteristics are
prevailing and raise further obstacles. Hereby we report a strategy for a safe and effective process for the
implementation of laparoscopic gastric cancer surgery in a Western tertiary referral center.

Methods: The present study describes the stepwise implementation of laparoscopic gastrectomy for the treatment
of gastric cancer at a tertiary referral center, comprising the time period 2012–2019. This process was facilitated by
a close collaboration with two high-volume centers in Japan, as well as exchanging fellowships and observerships
between the Karolinska University Hospital and other European centers. From the initially strict selection of cases for
laparoscopic surgery, laparoscopic gastrectomy has gradually become the preferred approach also in patients with
locally advanced tumors.

Results: From January 1st 2010 until December 31st 2019, 249 patients were operated for gastric cancer, of whom
141 (56.6%) had an open and 108 (43.4%) a laparoscopic procedure. In the latter group, total gastrectomy was
performed in 33.3% of the patients. While blood loss, operation time and length of stay decreased during the first
years after implementation, these variables increased slightly during the last years of the study period, probably due
to the higher proportion of advanced gastric cancer cases, as well as the higher rate of laparoscopic total
gastrectomy with more extended lymphadenectomy.

Conclusions: Laparoscopic surgery is currently a valid therapeutic option for gastric cancer, which has expanded to
also embrace total gastrectomy and locally advanced tumors. Collaboration between centers in the East and West,
centralization to high-volume centers and application of enhanced recovery protocols are essential components in
the implementation and further refinement of minimally invasive gastrectomy.
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Background
Gastric cancer remains the third leading cause of
cancer-related mortality worldwide [1]. During the
last decades, high incidence East Asian countries have
established targeted screening programs for early de-
tection of gastric cancer and intensive endoscopic
surveillance of suspicious lesions. Subsequently, in
parity with more frequent diagnosis at an earlier
stage, minimally invasive therapeutic techniques have
also evolved and are now widely applied, including
endoscopic resection of early tumors carrying a very
low risk for lymph node metastases and laparoscopic
surgery for stage I disease [2, 3]. In Western coun-
tries, only a small fraction of patients fulfill those cri-
teria at diagnosis. The majority still present at an
already advanced stage of the disease, where surgical
resection with adequate D2 lymphadenectomy, usually
in combination with perioperative chemotherapy, re-
mains the gold standard of treatment [4]. However,
despite several advances, 5-year survival on a
population-based level is only achieved in approxi-
mately 30% of patients [5].
Aiming to improve the management of patients with

gastric cancer, a multidisciplinary approach comprising a
number of different strategies has been implemented in
many institutions. Identification and elimination of mor-
bidity related risk factors such as alcohol consumption
and tobacco smoking, significant advances in
anesthesiology, constant nutritional support, enhanced
recovery after surgery and fast-track protocols have posi-
tively affected the surgical outcome. Another element of
this process is the implementation of minimally invasive
surgical techniques, such as laparoscopic and robotic-
assisted gastrectomy, which aim to minimize the surgical
trauma and accelerate the postoperative recovery. Sev-
eral studies have demonstrated the advantages of laparo-
scopic surgery in early gastric cancer (EGC) and there
are indications that this may also apply in advanced

gastric cancer (AGC) [6, 7]. Nevertheless, locally ad-
vanced tumors require a more extensive lymph node dis-
section, representing a technically more demanding
procedure. As the gastric cancer surgical caseload is sig-
nificantly higher in the East, with superior results con-
stantly reported, extrapolation of the Eastern technical
expertise to the West may be the key for further im-
provement of the outcomes.
The aim of this study is to present our unit’s experi-

ence on implementing minimally invasive gastrectomy
for the treatment of gastric cancer, which occurred in
collaboration with two high-volume centers in Japan.

Methods
The current study is a description of the process of step-
wise implementation of the laparoscopic technique for the
surgical treatment of gastric cancer at a tertiary referral
center. All patients diagnosed with gastric cancer and
treated with curative intent at the Karolinska University
Hospital over the period 2010–2019 were identified in the
hospital’s surgical planning system (ORBIT) and cross-
matched for validation with the patient chart system (Take
Care). A small number of patients (n = 7) subjected to pyl-
orus preserving gastrectomy were excluded. Data regard-
ing clinical tumor stage (cTNM), type of gastrectomy
(open or laparoscopic, distal or total), intraoperative blood
loss, operation time, number of retrieved lymph nodes
and length of hospital stay were extracted by reviewing
the patients’ charts.

Description of the implementation process over time
Initial phase
Table 1 summarizes the different steps of implemen-
tation of laparoscopic gastrectomy for gastric cancer
at the Karolinska University Hospital, which basically
occurred in parallel with the implementation of min-
imally invasive esophagectomy by the same team of
surgeons, and which has also been reported recently

Table 1 Steps in the introduction of laparoscopic gastrectomy for gastric cancer at Karolinska University Hospital

Step Time period Implementation of laparoscopic gastrectomy

1 2009–2012 Consultant surgeon IR, 3-year fellowship in minimally invasive UGI-surgery, Bristol Royal Infirmary, Bristol, UK

2 February 2011 Consultant surgeon MN visits Cancer Institute Hospital, Tokyo, Japan

3 March 2012 Consultant surgeons MN & ML visit center with experience in the field of minimally invasive UGI-surgery,
AMC, Amsterdam

4 August 2012 Establishment of recurring 2-year fellowship (Japanese gastric surgeon) at Karolinska, in collaboration with the Cancer
Institute Hospital, Tokyo, Japan (ongoing)

5 September 2012 First case of laparoscopic distal gastrectomy

6 2012–2013 Consultant surgeon ML, 1-year surgical training in minimally invasive UGI-surgery at Flinders Medical Center,
Adelaide, Australia

7 April 2013 First case of laparoscopic total gastrectomy

8 May 2015 First case of laparoscopic total gastrectomy with functional end-to-end anastomosis using linear stapler

UGI-surgery upper gastrointestinal surgery, AMC Academic Medical Center
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[8]. In August 2012, our department established a 2-
year Upper Gastrointestinal Surgery fellowship
program with visiting Japanese gastric surgeons in
collaboration with the Cancer Institute Hospital and
Keio University in Tokyo, Japan. One of the goals of
this collaboration was the incorporation of the surgi-
cal expertise of the Japanese fellows in our surgical
practice.
The first laparoscopic distal gastrectomy (LDG) was

performed in September 2012. During the initial
phase of the implementation period, only distal gas-
trectomies were performed with the laparoscopic
technique in selected patients with clinical stage I dis-
ease (i.e. T1N0, T1N1 or T2N0) in accordance with
the Japanese gastric cancer treatment guidelines, ex-
cluding patients with large tumors or bulky lymph
node metastases. This selection was due to initial
concerns regarding the completeness of lymph node
dissection in locally advanced cases and anticipated
technical difficulties in performing the esophagojeju-
nal anastomosis. During that period of fine-tuning the
technique, more advanced cases were still assigned to
conventional open gastrectomy.

Extension of indications and evolution of the surgical
technique over time
In December 2012, a systematic review and meta-
analysis on the short-term outcomes of laparoscopic
total gastrectomy (LTG) versus open total gastrec-
tomy (OTG) for gastric cancer indicated that LTG
was associated with a significant reduction of intra-
operative blood loss, reduced risk of postoperative
complications and shorter hospital stay, albeit at the
cost of a longer operation time. In-hospital mortality
rates were comparable for LTG and OTG [9]. Inter-
estingly, five out of eight studies in this meta-
analysis included also patients with AGC, with two
of the studies originating from Europe. These two
studies, although small, were also the ones with a
prospective design [10, 11]. After having performed a
sufficient number of LDG without experiencing any
technical problems our indications were further ex-
tended to also include patients in need of a total
gastrectomy, with the first LTG performed in April
2013.
The first three cases of LTG (2013–2014) were se-

lected so that no D2 lymph node dissection was
needed (two patients had proximal GIST and one pa-
tient underwent prophylactic resection due to CDH-1
mutation). In these first three LTG cases we used a
circular stapling device for the esophagojejunal anas-
tomosis, but soon switched to a simplified technique,
using a cutting linear stapler instead to construct a
stapled side-to-side anastomosis. This technique was

to some extent similar to the one evolved and refined
for the intrathoracic anastomosis during the transition
period to minimally invasive Ivor Lewis procedure for
esophageal cancer in our department and has been
described in detail previously [12]. Having demon-
strated that this technique is safe and with good re-
sults, we could easily apply it also to LTG, with the
first operation for gastric cancer performed in May
2015.
Consequently from 2015 and onwards, with the ex-

perience acquired by the LDG and having mastered
the laparoscopic technique for esophagojejunostomy,
virtually all patients were considered candidates for
the laparoscopic approach, including those with prox-
imal gastric cancer or Siewert III junctional cancer.
However, in diffuse type carcinomas and in cases
where the intraoperative findings revealed tumor
growth extending beyond the serosa (cT4a), surgery
was converted to open, in order to perform bursect-
omy in accordance with clinical practice at that time.
The same applied for locally advanced tumors (cT4b),
requiring a multivisceral resection. However, from
May 2017 and onwards and based on Japanese data
indicating no survival benefit of bursectomy [13], all
patients eventually qualified for laparoscopic resection
regardless disease stage as long as an R0 result could
be achieved. This applied even for patients who re-
quired multivisceral resection such as splenectomy
with or without distal pancreatectomy.

Results
Between January 1st 2010 and December 31st 2019, 256
patients underwent surgery for gastric cancer at our de-
partment. Seven patients that had a pylorus preserving
gastrectomy for EGC were excluded from further ana-
lysis. Of the remaining 249 patients, 141 (56.6%) under-
went open and 108 (43.4%) laparoscopic gastrectomy.
The majority of the patients in the open group had a
total gastrectomy (58.9%), compared to 33.3% in the lap-
aroscopic group.
During the study period there was a gradual increase

in the proportion of laparoscopic procedures and from
2017 and onwards, approximately 75% of all gastrec-
tomies were performed laparoscopically (Fig. 1). In 2015,
total gastrectomies also started being performed laparo-
scopically with an increasing utilization from 2017
(Fig. 2). Over time, there was a gradual increase in the
proportion of patients with more advanced tumors
(cT2–4 and cN+) that were offered a laparoscopic oper-
ation (Fig. 3).
Figure 4 summarizes the data on intraoperative blood

loss, operation time, number of retrieved lymph nodes
and length of hospital stay for the laparoscopic group.
While blood loss, operation time and length of stay
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decreased during the first years after implementation of
LG, these variables leveled off and ultimately increased
slightly during the last years, probably related to the in-
creasing proportion of LTGs and AGCs. The same trend
in the above-mentioned variables was also observed
when the outcomes after LDG and LTG were analyzed
separately (Figs. 5 and 6).

Discussion
Since the early 1990s, when laparoscopic surgery for gas-
tric cancer was first reported, minimally invasive proce-
dures such as endoscopic, laparoscopic and robotic have
been gradually introduced in clinical practice and are
continuously tested in clinical trials.
LDG is now a valid option for early stage tumors lo-

cated in the middle or lower third of the stomach; a

large number of studies have confirmed the safety of the
procedure and shown better short-term outcomes com-
pared to open surgery. Two randomized controlled trials
comparing laparoscopic and open distal gastrectomy for
stage I gastric cancer have recently reported on their
long-term results; KLASS-01 from Korea showed no dif-
ference in 5-year overall survival, and JCOG0912 from
Japan found no difference in 5-year relapse free survival
between the two groups. By demonstrating similar onco-
logic outcomes, these studies have confirmed the nonin-
feriority of laparoscopic surgery, supporting its adoption
as standard treatment [14, 15].
As expected, these results have led to an expansion

of the indications of LDG and evidence is emerging
on the comparable results of this approach even in
AGC. The CLASS-01 trial is the first RCT to show
similar 3-year disease-free survival (DFS) between

Fig. 1 The annual number of open and laparoscopic gastrectomies during the time period 2010–2019 (all cases)

Fig. 2 Trend of laparoscopic surgical procedures over time (only cancer cases)
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laparoscopic and open distal gastrectomy for patients
with AGC [16]. The KLASS-02 has a similar design
with 3-year DFS as the primary endpoint and the
short-term outcomes have been reported, showing
several benefits of the laparoscopic approach, includ-
ing fewer complications, faster recovery and shorter

hospital stay [17]. Additionally, the mean number of
retrieved lymph nodes did not differ between the two
approaches. Finally, the phase II part of the
JLSSG0901 trial (with the first 180 enrolled patients)
has demonstrated the safety of LDG with D2 lymph
node dissection, with low occurrence of anastomotic

Fig. 3 Proportion of patients’ clinical tumor stage (laparoscopic cases only)

Fig. 4 Whisker boxplots illustrating the intraoperative blood loss, operation time, number of retrieved lymph nodes and length of hospital stay
over time (laparoscopic cases only)
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leakage and pancreatic fistula [18]; the phase III ex-
tension of the trial to confirm the oncological non-
inferiority of the procedure is ongoing.
When it comes to LTG, the scientific evidence is

scarce; a Japanese retrospective nationwide study by
Sakamoto et al., including patients with clinical stage
I-III gastric cancer, confirmed the advantages of
LTG in terms of time to first oral intake and length
of hospital stay; however, the study highlighted a
higher incidence of anastomotic leakage after LTG
when compared to OTG. Despite this finding, no
difference in in-hospital mortality was found [19].
The higher incidence of anastomotic leakage is not
surprising, as laparoscopic construction of the eso-
phagojejunostomy is technically more challenging,
which has also been demonstrated in a population-
based cohort study from the Netherlands [20].
Reporting of five-year oncological outcomes after
LTG is even more limited. Nevertheless, a recent
large-scale meta-analysis by Oh et al. including 19

studies – with subgroup analysis of EGC and AGC –
has shown comparable 5-year survival rates [6]. A
number of RCTs comparing LTG with OTG are
planned or ongoing and will hopefully provide evi-
dence of higher grade [21, 22].
Although the evidence on laparoscopic gastric can-

cer surgery is mostly generated in Asia, a number of
European studies have also been conducted in recent
years. This is important, as European and Asian pop-
ulations differ in their characteristics; in the West,
the disease is often diagnosed at a more advanced
stage, with a higher proportion of proximal tumors or
tumors of poorly cohesive histologic type. Addition-
ally, patients are older and with a higher Body Mass
Index in average, making surgery more challenging
[23, 24]. A recent review by Chevallay et al., summar-
izing the results of 14 studies published from Euro-
pean centers between 2005 and 2017, confirmed the
superiority of the laparoscopic approach in terms of
less intraoperative blood loss and shorter hospital

Fig. 5 Whisker boxplots illustrating the intraoperative blood loss, operation time, number of retrieved lymph nodes and length of hospital stay
over time (laparoscopic distal gastrectomies only)
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stay, with no significant difference in the number of
the lymph nodes resected, rate of anastomotic leakage
or mortality [25]. Nevertheless, laparoscopic gastrec-
tomy still remains more time-consuming, a finding
that is consistently reported in both European and
Asian studies.
Another important difference is that, while upfront

surgery – to which adjuvant chemotherapy is added –
is the standard treatment of gastric cancer in the
East, a multimodal approach with addition of peri-
operative chemotherapy has been established as the
current state-of-the-art treatment in the West [4, 26].
Unfortunately, very few studies report the number of
patients which received neoadjuvant treatment. In a
small-scale RCT analyzing the impact of neoadjuvant
chemotherapy for AGC in the surgical outcome, Li
et al. showed that the group of patients treated lap-
aroscopically did benefit of the lower risk of postop-
erative complications and were able to better tolerate
the planned adjuvant chemotherapy [27]. Neverthe-
less, evidence on the role of minimally invasive

surgery in patients treated with neoadjuvant chemo-
therapy is still lacking and further investigation com-
paring laparoscopic and open gastrectomy in the era
of perioperative therapies is warranted. Two European
multicenter RCTs, the LOGICA- trial and the STOM-
ACH trial, have been launched and their results are
anticipated [28, 29].
Our department started applying laparoscopic sur-

gery for the treatment of gastric cancer in 2012, and
during the years that followed we gradually extended
our indications from EGC in the distal part of the
stomach, to AGC and finally to tumors mandating a
total gastrectomy or even multivisceral resection in
selected cases. During this latter study period, ex-
tended bursectomy has been abandoned [30] and
splenectomy performed much more selectively [31],
allowing us to expand the indications for laparoscopic
resection. These alterations significantly affected the
learning curve in many centers, including our own.
As a result, in the period 2016–2019 the majority of
patients who were operated laparoscopically had been

Fig. 6 Whisker boxplots illustrating the intraoperative blood loss, operation time, number of retrieved lymph nodes and length of hospital stay
over time (laparoscopic total gastrectomies only)
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diagnosed with AGC, and LTG with more extended
en bloc lymphadenectomy was frequently performed.
The latter was expressed in terms of higher intraoper-
ative blood loss and longer operation time and ex-
plains at the same time the higher number of
harvested lymph nodes (Fig. 4). Furthermore, surgical
training of two younger colleagues in the department
may be another factor affecting these findings.
Our results during the implementation period were re-

cently reported in detail [32]. Despite the retrospective
design of the study, the two patient groups were well
balanced with regard to baseline characteristics (age,
gender, mean BMI, ASA score, clinical T- and N-stage
and the proportion of patients receiving neoadjuvant
chemotherapy). The analysis showed fewer severe com-
plications (Clavien-Dindo ≥IIIb) with lower anastomotic
leak rate, shorter hospital stay and no 30- and 90-day
mortality in the laparoscopic group. Supplementary ana-
lysis regarding the impact of patients’ characteristics
(such as age, gender, BMI and neoadjuvant chemother-
apy) did not indicate any additional difficulty in imple-
menting the technique in a specific subgroup of patients.
Furthermore, no difference in overall survival was found.
We have also been able to confirm that the oncological
requirements comprising adequate lymphadenectomy
and negative resection margins can be met (Fig. 7), given
that surgery is performed in centers with adequate ex-
perience. Indeed, in the majority of trials from Asia (i.e.
KLASS-01, KLASS-02, JCOG0912, JLSSG0901, CLASS-
01), strict requirements were applied regarding the case
volume of institutions and the experience of participat-
ing surgeons. Especially in Japan, in order to guarantee
surgical quality, it was required that the participating
surgeons were certified by the Japan Society for Endo-
scopic Surgery (JSES) according to the Endoscopic

Surgical Skill Qualification System [33]. This emphasizes
the importance of a high case volume in order to de-
velop and maintain the necessary surgical skills and peri-
operative routines for such demanding procedures; in
those terms, and in particular in a low incidence country
as Sweden, the contribution of the centralization of
UGI-cancer surgery has been essential.
Due to our limited case volume, as in most West-

ern centres, and in order to accelerate the learning
process, at least two of the three senior consultants
participated in the first 50 laparoscopic operations.
Usually, one consultant was performing the resection
and the other the reconstruction part of the proced-
ure. Thus, we are unable to provide information with
regards to individual surgeon’s learning curve and the
results in the current article reflect the experience of
the whole team as such.
Acquiring the Japanese surgical principles and ex-

pertise has been an ongoing and evolving initiative
and has resulted in the successful implementation of
laparoscopic gastric cancer surgery at our institution.
Apart from this collaboration, centralization of gas-
tric cancer surgery that has occurred in Sweden al-
most simultaneously, has resulted in an increased
case load which in turn provided the conditions for
better quality research and establishment of fast-
track pathways.

Conclusions
Implementation of minimally invasive surgery for gastric
cancer at a tertiary referral center was a process that re-
quired thoughtful steps over time in order to gradually
and safely establish the technique. Exchange of surgical
experience and knowledge in collaboration with two
high-volume centers in Japan has been of paramount

Fig. 7 Intraoperative capture after completed lymph node dissection along the branches of the celiac trunk. The left and right gastric arteries are
divided at their origin
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importance on a long pathway that has strictly followed
the oncological principles as the main endpoint of this
adaptive process. This effort has led to a successful in-
corporation of laparoscopic surgery, which has become
the procedure of choice for patients offered a curative
treatment.

Abbreviations
EGC: Early gastric cancer; AGC: Advanced gastric cancer; LDG: Laparoscopic
distal gastrectomy; UGI-surgery: Upper gastrointestinal surgery;
AMC: Academic Medical Center; LTG: Laparoscopic total gastrectomy;
DFS: Disease-free survival; JSES: Japan Society for Endoscopic Surgery

Acknowledgments
Dr. Takeshi Sano, Gastroenterological Surgery Department, Cancer Institute
Hospital, Tokyo Japan.
Dr. Yuko Kitagawa, Department of Surgery, Keio University School of
Medicine, Tokyo, Japan.
Dr. Koshi Kumagai, Gastric Surgery Department, Cancer Institute Hospital,
Tokyo, Japan.
Dr. Tomoyuki Irino, Department of Surgery, Keio University School of
Medicine, Tokyo, Japan.
Dr. Satoshi Kamiya, Division of Gastric Surgery, Shizuoka Cancer Center,
Shizuoka, Japan.

Authors’ contributions
Study design, AT, FK, ML, MN, LL, IR. Data acquisition: TT, MH, IR. Data
analysis and interpretation: AT, TT, FK, MH, ML, MN, IR. Manuscript writing,
review and final approval: all authors.

Funding
Open access funding provided by Karolinska Institute.

Availability of data and materials
Availability of data and materials: This is a retrospective review of
prospectively collected data retrieved from the Karolinska University
Hospital’s surgical planning system (ORBIT) and cross-matched for validation
with the patient chart system (Take Care). The datasets used and analyzed
during the current study are available from the corresponding author upon
reasonable request.

Ethics approval and consent to participate
Approval by the Regional Ethics Committee of Stockholm was obtained
(2018/970–31/1). Patients’ consent and consent for publication were not
required for this retrospective study.

Consent for publication
Not applicable.

Competing interests
The authors declare no conflict of interest.

Author details
1Department of Upper Abdominal Surgery, Karolinska University Hospital,
Stockholm, Sweden. 2Division of Surgery, Department of Clinical Science,
Intervention and Technology (CLINTEC), Karolinska Institutet, Stockholm,
Sweden. 31st Propaedeutic Surgical Clinic, Hippocration General Hospital,
Athens, Greece. 4Department of Surgery, Odense University Hospital, Odense,
Denmark.

Received: 25 March 2020 Accepted: 5 July 2020

References
1. Ferlay J, Colombet M, Soerjomataram I, Mathers C, Parkin DM, Piñeros M,

et al. Estimating the global cancer incidence and mortality in 2018:
GLOBOCAN sources and methods. Int J Cancer. 2019;144(8):1941–53.

2. Hatta W, Gotoda T, Koike T, Masamune A. History and future perspectives in
Japanese guidelines for endoscopic resection of early gastric cancer. Dig
Endosc. 2019;32:180–90.

3. Japanese Gastric Cancer Association. Japanese gastric cancer treatment
guidelines 2018 (5th edition). Gastric Cancer. 2020. https://doi.org/10.1007/
s10120-020-01042-y.

4. Smyth EC, Verheij M, Allum W, Cunningham D, Cervantes A, Arnold D, et al.
Gastric cancer: ESMO clinical practice guidelines for diagnosis, treatment
and follow-up. Ann Oncol. 2016;27(suppl 5):v38–49.

5. Allemani C, Matsuda T, Di Carlo V, Harewood R, Matz M, Nikšić M, et al.
Global surveillance of trends in cancer survival 2000-14 (CONCORD-3):
analysis of individual records for 37 513 025 patients diagnosed with one of
18 cancers from 322 population-based registries in 71 countries. Lancet.
2018;391(10125):1023–75.

6. Oh Y, Kim MS, Lee YT, Lee CM, Kim JH, Park S. Laparoscopic total
gastrectomy as a valid procedure to treat gastric cancer option both in
early and advanced stage: a systematic review and meta-analysis. Eur J Surg
Oncol. 2020;46(1):33–43.

7. Kim SH, Chung Y, Kim YH, Choi SI. Oncologic outcomes after laparoscopic
and open distal Gastrectomy for advanced gastric Cancer: propensity score
matching analysis. J Gastric Cancer. 2019;19(1):83–91.

8. Nilsson M, Kamiya S, Lindblad M, Rouvelas I. Implementation of minimally
invasive esophagectomy in a tertiary referral center for esophageal cancer.
J Thorac Dis. 2017;9(Suppl 8):S817–s25.

9. Haverkamp L, Weijs TJ, van der Sluis PC, van der Tweel I, Ruurda JP, van
Hillegersberg R. Laparoscopic total gastrectomy versus open total
gastrectomy for cancer: a systematic review and meta-analysis. Surg Endosc.
2013;27(5):1509–20.

10. Dulucq JL, Wintringer P, Stabilini C, Solinas L, Perissat J, Mahajna A.
Laparoscopic and open gastric resections for malignant lesions: a
prospective comparative study. Surg Endosc. 2005;19(7):933–8.

11. Topal B, Leys E, Ectors N, Aerts R, Penninckx F. Determinants of
complications and adequacy of surgical resection in laparoscopic versus
open total gastrectomy for adenocarcinoma. Surg Endosc. 2008;22(4):980–4.

12. Irino T, Tsai JA, Ericson J, Nilsson M, Lundell L, Rouvelas I. Thoracoscopic
side-to-side esophagogastrostomy by use of linear stapler-a simplified
technique facilitating a minimally invasive Ivor-Lewis operation.
Langenbecks Arch Surg. 2016;401(3):315–22.

13. Terashima M, Doki Y, Kurokawa Y, Mizusawa J, Katai H, Yoshikawa T, et al.
Primary results of a phase III trial to evaluate bursectomy for patients with
subserosal/serosal gastric cancer (JCOG1001). J Clin Oncol. 2017;35(4_suppl):
5.

14. Kim HH, Han SU, Kim MC, Kim W, Lee HJ, Ryu SW, Korean Laparoendoscopic
Gastrointestinal Surgery Study (KLASS) Group, et al. Effect of laparoscopic
distal Gastrectomy vs open distal Gastrectomy on long-term survival among
patients with stage I gastric Cancer: the KLASS-01 randomized clinical trial.
JAMA Oncol. 2019;5(4):506–13.

15. Katai H, Mizusawa J, Katayama H, Morita S, Yamada T, Bando E, et al. Survival
outcomes after laparoscopy-assisted distal gastrectomy versus open distal
gastrectomy with nodal dissection for clinical stage IA or IB gastric cancer
(JCOG0912): a multicentre, non-inferiority, phase 3 randomised controlled
trial. Lancet Gastroenterol Hepatol. 2020;5(2):142–51.

16. Yu J, Huang C, Sun Y, Su X, Cao H, Hu J, Chinese Laparoscopic
Gastrointestinal Surgery Study (CLASS) Group, et al. Effect of laparoscopic vs
open distal Gastrectomy on 3-year disease-free survival in patients with
locally advanced gastric Cancer: the CLASS-01 randomized clinical trial.
JAMA. 2019;321(20):1983–92.

17. Lee HJ, Hyung WJ, Yang HK, Han SU, Park YK, An JY, Korean Laparo-
endoscopic Gastrointestinal Surgery Study (KLASS) Group, et al. Short-term
outcomes of a multicenter randomized controlled trial comparing
laparoscopic distal Gastrectomy with D2 lymphadenectomy to open distal
Gastrectomy for locally advanced gastric Cancer (KLASS-02-RCT). Ann Surg.
2019;270(6):983–91.

18. Inaki N, Etoh T, Ohyama T, Uchiyama K, Katada N, Koeda K, et al. A multi-
institutional, prospective, phase II feasibility study of laparoscopy-assisted
distal Gastrectomy with D2 lymph node dissection for locally advanced
gastric Cancer (JLSSG0901). World J Surg. 2015;39(11):2734–41.

19. Sakamoto T, Fujiogi M, Matsui H, Fushimi K, Yasunaga H. Short-term outcomes
of laparoscopic and open Total Gastrectomy for gastric Cancer: a Nationwide
retrospective cohort analysis. Ann Surg Oncol. 2020;27(2):518–26.

20. Gertsen EC, Brenkman HJF, Seesing MFJ, Goense L, Ruurda JP, van
Hillegersberg R, Dutch Upper Gastrointestinal Cancer Audit (DUCA) Group.
Introduction of minimally invasive surgery for distal and total gastrectomy: a
population-based study. Eur J Surg Oncol. 2019;45(3):403–9.

Tsekrekos et al. BMC Surgery          (2020) 20:157 Page 9 of 10

https://doi.org/10.1007/s10120-020-01042-y
https://doi.org/10.1007/s10120-020-01042-y


21. He H, Li H, Su X, Li Z, Yu P, Huang H, Chinese Laparoscopic Gastrointestinal
Surgery Study (CLASS) Group, et al. Study on safety of laparoscopic total
gastrectomy for clinical stage I gastric cancer: the protocol of the CLASS02–01
multicenter randomized controlled clinical trial. BMC Cancer. 2018;18(1):944.

22. Trial for Application of Laparoscopic Total Gastrectomy With Lymph Node
Dissection for Gastric Cancer (KLASS-06) [Available from: https://clinicaltrials.
gov/ct2/show/NCT03385018 Accessed 4 Mar 2020].

23. Griffin SM. Gastric cancer in the east: same disease, different patient. Br J
Surg. 2005;92(9):1055–6.

24. van der Wielen N, Straatman J, Cuesta MA, Daams F, van der Peet DL. Short-
term outcomes in minimally invasive versus open gastrectomy: the
differences between east and west. A systematic review of the literature.
Gastric Cancer. 2018;21(1):19–30.

25. Chevallay M, Jung M, Berlth F, Seung-Hun C, Morel P, Mönig S.
Laparoscopic surgery for gastric Cancer: the European point of view.
J Oncol. 2019;2019:8738502.

26. Al-Batran SE, Homann N, Pauligk C, Goetze TO, Meiler J, Kasper S, FLOT4-AIO
Investigators, et al. Perioperative chemotherapy with fluorouracil plus
leucovorin, oxaliplatin, and docetaxel versus fluorouracil or capecitabine
plus cisplatin and epirubicin for locally advanced, resectable gastric or
gastro-oesophageal junction adenocarcinoma (FLOT4): a randomised, phase
2/3 trial. Lancet. 2019;393(10184):1948–57.

27. Li Z, Shan F, Ying X, Zhang Y, Jian-Yu E, Wang Y, et al. Assessment of laparoscopic
distal gastrectomy after neoadjuvant chemotherapy for locally advanced gastric
cancer: a randomized clinical trial. JAMA Surg. 2019;154:1093–101.

28. Haverkamp L, Brenkman HJ, Seesing MF, Gisbertz SS, van Berge
Henegouwen MI, Luyer MD, LOGICA Study gGoup, et al. Laparoscopic
versus open gastrectomy for gastric cancer, a multicenter prospectively
randomized controlled trial (LOGICA-trial). BMC Cancer. 2015;15:556.

29. Straatman J, van der Wielen N, Cuesta MA, Gisbertz SS, Hartemink KJ,
Alonso Poza A, et al. Surgical techniques, open versus minimally invasive
gastrectomy after chemotherapy (STOMACH trial): study protocol for a
randomized controlled trial. Trials. 2015;16:123.

30. Kurokawa Y, Doki Y, Mizusawa J, Terashima M, Katai H, Yoshikawa T, et al.
Bursectomy versus omentectomy alone for resectable gastric cancer
(JCOG1001): a phase 3, open-label, randomised controlled trial. Lancet
Gastroenterol Hepatol. 2018;3(7):460–8.

31. Sano T, Sasako M, Mizusawa J, Yamamoto S, Katai H, Yoshikawa T, Stomach
Cancer Study Group of the Japan Clinical Oncology Group, et al.
Randomized controlled trial to evaluate Splenectomy in Total Gastrectomy
for proximal gastric carcinoma. Ann Surg. 2017;265(2):277–83.

32. Tsekrekos A, Klevebro F, Hayami M, Kamiya S, Lindblad M, Nilsson M, et al.
Laparoscopic versus open Gastrectomy for Cancer: a Western center cohort
study. J Surg Res. 2020;247:372–9.

33. Mori T, Kimura T, Kitajima M. Skill accreditation system for laparoscopic
gastroenterologic surgeons in Japan. Minim Invasive Ther Allied Technol.
2010;19(1):18–23.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Tsekrekos et al. BMC Surgery          (2020) 20:157 Page 10 of 10

https://clinicaltrials.gov/ct2/show/NCT03385018
https://clinicaltrials.gov/ct2/show/NCT03385018

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Description of the implementation process over time
	Initial phase
	Extension of indications and evolution of the surgical technique over time


	Results
	Discussion
	Conclusions
	Abbreviations
	Acknowledgments
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

